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I. INTRODUCTION 
Palm oil is one of the various types of vegetable oils belonging to the group called Lipids, because of 

its fatty acid content. [1] and [2], defined it as triglycerides extracted from plants. Most fats contain some 

colouring matters, either as a natural constituent, or as a discolouration produced during the processing, [2]. The 

natural pigments present in vegetable oils are mainly the caroteniods, giving yellow and red colours, and the 

chlorophylls, which give green colours, [3]. [4], observed that colour deterioration can also take place during 

the extraction process, especially in the local method of extraction used in most parts of the Eastern region of 

Nigeria. Removal, or reduction of colour and other pigmented components, otherwise called bleaching, 

according to ,[5], is necessarily, not only because a pale- coloured fat has an appeal of purity, [6], but also 

because the colours of the fat can influence the appearance of prepared food, and even more importantly, the 

pigment present may affect the flavour and stability of the fats and foods made from them. The decourloration 

(bleaching), could be achieved by chemical treatment, [7], by heat treatment, , [8], or by adsorption method, [9]; 

the most effective and widely used being the latter. Two methods are available for the refining of palm oil, 

namely, the physical and chemical methods. The refining operations, here include, degumming, 

neutratralization of free fatty acid, (FFA), for chemical process, using caustic soda, bleaching, to improve 

flavour and stability of the finished product, and deodorization to further reduce colour, and FFA, and improve 

stability. [10], noted that bleaching is the most important step in palm oil refining, especially in the physical 

process, since it is at this stage that most of the contaminants and oxidative products of Aldehydes and Ketones, 

are removed. [11] also observed that contact time, temperature, oil to adsorbent ratio, pressure, and other 

parameters, are the conditions that affect the performance of the bleaching process. Bleaching is done by using 

thermally activated clay, [12], or by acid activated clay, [13]. [14], said that the quality of raw material, (palm 

oil), is very important, since it relates directly to the processing cost, and product‟s shelf life. [15], opined that 

colour and FFA content continue to fall with increasing bleaching earth, but the peroxide value is minimized 

after 30 minutes. They noted that the continuing fall in colour is attributed to the heat bleaching effect. 

 

Bleaching temperature is one of the factors that affect the performance of the bleaching and degumming 

processes of raw palm oil. [10] have also observed that bleaching temperature has a great effect on the colour, 

FFA, PV and AV of oil being processed, and the keeping quality of the oil as shown in Figs. I and II, 

respectively. They noted that bleached oil colour tends to continuously fall as the temperature is increased, but 
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the deodorized oil colour reached a maximum when the bleaching temperature is about 100
o
C. Oil – adsorbent 

ratio, is also of importance in determining the optimum performance condition of clay during bleaching, as it 

affects the efficiency of degumming and bleaching processes. The higher the clay dosage the more the colour 

reduction; the optimum clay dosage will however, depend on the quality and nature of the impurities in the raw 

palm oil [13]. [16] and [13], have developed the adsorption mechanism(model) for the adsorption of carotenoids 

on activated clay based on adsorption theory of Langmuir isotherm. [17], had earlier worked on the optimal 

bleaching performance of acid activated Ngwulangwu clay, using Central Composite Design (CCD) to optimize 

the process variables. 

In this work, 

 The optimal process conditions for palm oil bleaching was determined using Ngwo clay as an adsorbent  

 BBD via Response Surface Method, was used to find the most suitable conditions to optimize the process 

variables  

 The interaction between the variables was analyzed by applying the ANOVA method of analysis.  

 

II. Materials and Methods 
The clay and the oil used in the investigations were obtained locally from Ngwo Town, in Enugu, South East 

province of Nigeria. Tetraoxosulphate (VI) acid is used for the activation and petroleum ether was analytically 

graded. 

 

2.1 Digestion of Clay Samples. 
The mined clay was sun-dried for 24 hours and size reduced to fine particles using mortar and pestle. The 

ground samples were sieved to remove impurities and then oven dried at 105°C. The samples were then put in 

contact with hydrochloric acid in a 250 cm
3
 flask placed in a regulated water bath. The flask was heated while 

continuously being stirred. At the completion of the heating time, the slurry was removed from the bath and 

allowed to cool. After the cooling, the slurry was filtered via a Buckner funnel and the clay residue was washed 

several times with distilled water, followed by filtration until the filtrate was neutral to pH indicator paper. 

 

2.2. Acid Activation of Clay Sample 

The acid activation was carried out according to the method described by [18], [19] and, [20]. The clay was 

ground into powder using pestle and mortar, and sieved through a laboratory test sieve of aperture - 150µm. The 

clay sample (100g) was introduced into a 600ml Pyrex Beaker and 250ml of 1M Tetraoxosulphate (VI) acid 

solution added. The mixture was homogenized in a thermostat bath at a temperature of 95
o
C for 3hours. The 

resulting mixture was filtered, washed with distilled water severally to reduce the acidity. The activated clay 

sample was dried in an electric oven at a temperature of 105
o
C. The dried activated clay sample was then sieved 

through a laboratory test sieve of aperture - 150µm and stored in an air tight container. 

 

2.3 Characterization of Clay Sample 
The clay samples were characterized using Atomic Absorption spectrophotometer and X-ray Fluorensce (PW 

4030 X-Ray Spectrophotometer). This is shown in Table1. 

 

 
 

 

2.4 Bleaching Process and Analyses 
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Bleaching of the palm oil was carried out according to the procedure reported by [21]. 50g of degummed, palm 

oil was poured into a 50ml Pyrex beaker and heated up to a required temperature of 100
o
C, for the reaction on a 

magnetic hot plate. When the magnetic hot plate reached the set temperature, the activated clay sample was 

added. The process was carried out at 20 -160
o
C and the contact times were 10, 20, 30 40 an 50min, with clay 

dosage of 4%, 6% and 8%. At the end of the process, the mixture was filtered through Whitman No 1 filter 

paper into a test tube until a reasonable amount was obtained. The absorbance of the oil was measured using a 

UV spectrophotometer as follows: 0.1g of palm oil was diluted in 7.5ml of petroleum ether and the absorbance 

of the sample determined at 445nm wavelength using the petroleum ether as reference [21]. The percentage of 

oil bleached was calculated as follows: 

 

 
 

Table 2 The effect of bleach temperature on Colour, PV, AV and FFA of bleached palm oil; time is constant 

at 40min. 
Tables 2nad 3 show the results of characterization experiments on bleached oil. 

 

Temperature 
o
C Colour in 1 inch cell Peroxide Anisidine Free fatty  

   

value value acid 

 

 

Bleached oil Deodorized oil 

 

     

       

20 14.2 3.8 6.5 3.60 0.62  

40 13.8 3.7 6.0 3.65 0.60  

60 13.5 3.8 5.5 3.70 0.48  

 

80  13.3   3.6  5.0 3.80 0.50  

95  12.6   3.5  4.3 3.85 0.40  

            

100   11.5   3.4  3.0 4.05 0.12  

Time(days)   Colour (red), 1” Cell   Peroxide Value of deodorized oil   

            

110   9.6   3.5  2.8 6.00 0.13  

120  9.2   4.8  1.2 6.50 0.40  

140  8.5   5.1  1.0 10.50 0.50  

160  8.0   5.5  0.9 14.50 0.60  

  Bleached at 110
o
C  Bleached at 150

o
C Bleached at 110

o
C  Bleached at 150

o
C  

1  3.10  5.8  0.00  0.00   

4  3.20  5.9  0.46  1.80   

7  3.30  6.2  0.82  2.00   

14  3.35  6.8  1.17  2.32   

21  3.45  7.4  1.50  2.80   

28  3.52  8.6  1.75  3.48   

 

Table 3 The effects of colour and PV on the keeping quality of bleached and deodorized palm oil. 
 

2.5 Experimental Design of Box Benhken Design (BBD) 
Box Benhken Design of experiment, also known as (central composite rotatable design) was used to optimize 

the variables in order to obtain optimum bleaching conditions of palm oil using activated Ngwo clay. Time, 

temperature and dosage were chosen as independent variables, and the percentage oil bleached was the 

dependent variable. The experimental range and level of independent variables for bleaching of palm oil were 

analyzed using BBD. In this study, a set of 20 experiments were carried out. These 20 experiments contain 8 

core points, 6 stars like points and 6 null points. The distance of the star like points from core point is given by 

D = 2n/4, where n is the number of factors (for three factors, D = 2x3/4 The results are shown in table 4, where 

X1 a coded variable that represents the temperature, X2 represents the time and X3 represents the clay dosage. 
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The design of the experiment was analyzed with the aid of Minitab software. By solving the regression equation 

and analyzing the response surface contour plots, the optimum values of selected variables were obtained. The 

most important parameters affecting the efficiency of the bleaching process are temperature (X1), time (X2) and 

dosage (X3). In order to study the combined effects of these factors, experiments were performed by varying 

physical parameters using the experimental design. Experimental and Theoretical values for percentage palm oil 

bleached were obtained. It can be seen that the optimum percentage oil bleached of 83% was obtained at 

temperature of about 100
o
C in 70mins bleaching time and clay dosage of 6grms. The result of analysis of 

variance (ANOVA) for the response surface quadratic model is determined. The tests for adequacy of the 

regression models, significance of individual model coefficients and the lack of fit test were performed using 

the same statistical package. The regression model obtained is given in equation 2. 

 

Y(%) = - 35.1 + 1.27X1 + 2.17X2 + 25.24X3 - 0.00621X1X2 - 0.207X2X3 - 0.124X1X3 - 0.0041X12 - 0.0197X22-

0.094X32 

…………….…………………………………………………………………………………….……......2 
 

The P values were used as a tool to check the significance of each of the coefficients, which in turn are 

necessary to understand the pattern of the mutual interactions between the test variables [22]. The larger the 

magnitude of F-test value, the smaller the magnitude of P-values and the higher the significance of 

corresponding coefficient by [23]. When the value of P is less than 0.05, It shows that the model terms are 

significant. The fitness of the model equation was also expressed by the coefficient of determination, R2. In this 

case, X1, X2, X3, X12 and X22 are the significant model terms. The final mathematical model by eliminating the 

insignificant terms and interactions is expressed as. 

 

Y (%) = -35.08 + 1.27X1 + 2.17 X2 +25.2 X3 – 0.00411X12+ 0.0197X22…………………………….………...3 
 

2.6  Statistical Analysis 
A quadratic polynomial equation by Box Behnken Design was developed to predict the response as a function 

of independent variables and their interaction. In general, the response for the quadratic polynomials is 

described by equation 4: 

 

Y = β0  + ∑ (βiXi) + ∑ (βiXi) 
2
 + ∑ (βijXij)……… …………………………………………………………..….4 

 

Where Y is the response (yield); βo is the intercept coefficient, βi is the linear terms, βii is the squared terms and 

βij  is the interaction terms, and Xi and Xj are the un-coded independent variables [24]. Analysis of variance 

 

Exp. Run Std. FACTORA FACTOR FACTOR  C RESPONSE Y 
 value (X1) mins B (X2) 

0
C (X3) grms  

1 9 50.00 60.00 4.00 35.30 
      

2 13 50.00 80.00 6.00 22.00 
      

3 16 50.00 80.00 6.00 52.00 
      

4 5 30.00 80.00 4.00 59.00 
      

5 17 50.00 80.00 6.00 59.30 
      

6 7 30.00 80.00 8.00 12.20 
      

7 10 50.00 100.00 4.00 70.00 
      

8 8 70.00 80.00 8.00 61.10 

9 14 50.00 80.00 6.00 8.00 

10 4 70.00 100.00 6.00 83.00 

11 6 70.00 80.00 4.00 57.OO 
      

12 3 30.00 100.00 6.00 12.20 

 

(ANOVA) was applied to estimate the effects of main variables and their potential interaction effects on the oil 
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yield. 

 

Table 4. Experimental Results as obtained from the lab 

13 11 50.00 60.00 8.00 8.00 

14 15 50.00 80.00 6.00 56.10 

15 2 70.00 60.00 6.00 8.00 

16 12 50.00 100.00 8.00 12.20 

17 1 30.00 60.00 6.00 55.60 

 

2.7 Model Fitting and Statistical Analysis 
Results obtained from the experiments (observed and predicted) are summarized as follows: 

 


 The results were used to develop a second order polynomial equation (in coded units) that could relate oil 

yield to the parameters studied. The following quadratic equation model explained it. 

 

Y= 76.68 + 8.79X2 + 12.44X3 + 9.06X4 – 11.77X12 – 4.98X22 – 5.38X32 – 2.78 X42 +3.22x1X4+3.50X3...5 
 


 From the experimental design and the experimental results obtained. The second order response functions 

representing Y is the response for palm oil yield, X1 the coded value of variable temperature (T), X2 the coded 

value of variable ratio methanol to oil (M), X3 the coded value of variable weight of catalyst (W), and X4 the 

coded value of variable reaction time (t). The closer the value of R2 to unity, the better the empirical models fit 

the actual data. On the other hand, the smaller the value of R2, the lesser will be the relevance of the dependent 

variables in the model in explaining the behavior of variations,[25]. Thus, the predicted values match the 

observed values reasonably well, with R2 of 0.94. 

 

III. RESULTS AND DISCUSSION 
3.1 Characterization of Ngwo Clay  

Table 1 shows the results of the characterization of both raw and activated Ngwo clay . the silicate content of 

both clays is good showing that it can be a good source of silica in the production of glass , as well as in floor 

tiles work. The increase from 61.39 tp 63 after activation may be as a result of non solubility of the compound. 

The other metal oxides were reduced in value, probably because of the clay‟s mineral dissolution in the acid. 

 

3.2 Regression model 
The three variables that affect the efficiency of bleaching of palm oil using activated Ngwo clay examined in the 

optimization study were; Temperature, (
o
C), Time, (Minutes), and Clay Dosage (%). Central Composite 

Rotatable Design of Box Benkhen was used in the work. The BBD was used to develop correlation between 

these operating variables and the efficiency of bleaching. The experimental and predicted values are presented 

with the complete design matrix in table 4. the quadratic terms were estimated by using the runs at the Center 

points. Selection of the model was based on the highest order, where the additional terms were significant, and 

the model was not adjudged insignificant lack of fir, and where the Adjusted R-squared and Predicted R – 

squared are in agreement, (within 0.2 of each other). The linear model was assumed based on these conditions. 

 

3.3 Design Matrix Using BBD For Palm Oil Bleaching 
 

Table 5 shows the results of the analysis of variance. 

 

Table 5. The Analysis of Variance Table (ANOVA TABLE) 
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The relative effects of each of the varaiables to the total variability was interpreted using ANOVA, because total 

variance of the process is equal to the sum of the component variaces if the factors are acting separately, [26]. 

ANOVA has its advantage in its use to rank the factors effects on the total variation in order of magnitude. This 

has effect of showing the points of effort in the variability reduction, so as to maximally improve the process 

within a minimum time and effort, [27]. 

 

The Model F-value of 4.35 implies that the model is significant.There is only a 2.03% chance that a "Model F-

Value" this large could occur due to noise.Values of "Prob > F" less than 0.0500 that indicate model terms are 

significant. In this case C, and AB are significant model terms. Values greater than 0.1000 indicate the model 

terms are not significant. If there are many insignificant model terms (not counting those required to support 

hierarchy), model reduction may improve the model. The "Lack of Fit F-value" of 0.25 implies the Lack of Fit 

is not significant relative to the pure error. There is a 93.30% chance that a "Lack of Fit F-value" this large 

could occur due to noise. 

 

 

The "Pred R-Squared" of 0.3807 is in reasonable agreement with the "Adj R-Squared" of 0.5571. "Adeq 

Precision" measures the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 7.702 indicates an 

adequate signal. This model can be used to navigate the design space. This is shown in table 6 

 

The post ANOVA information are shoen in Tanle 7 

 

Table 7 The post ANOVA information 

 

Coeff. Factor Estimate    Standard Difference 95% C.I Error95% C.I Low High 
 

Intercept  39.4  1   4.15 30.22   48.73    

               

A-Time  8.76  1   6.06 -4.73   22.25    

BTemperature 8.81  1   6.06 -4.68   22.30    

C-ClayDosage -15.98 1   6.06 -29.47   -2.48    

AB29Bleaching.60 Efficiency1 % 8.56 Actual 10.52 48.68   1    

               

               

330.17684     Optimal point        

AC12.73  1  8.56   -6.35 31.80   

1 

   

              

-7.39062  

1 

 

8.56 

Time 

-26.70 11.45 

  

1 

   

BC7.63          

               

-2.11562     Temperature   Final Equation    in  

-8.64375     Clay Dosage   Terms of Coded  

0.074000     Time - Temperature  Factors:     

             

0.31813     Time -Adsorbent Dosage        

        

Tables 8 and 9 

 

-0.19063     Temperature -Adsorbent Dosage    

         give the final results in  

          

terms of coded and 

 

           

Bleaching Efficiency %   Coded    

actual factors 

 

           

39.47      optimum   respectively.  

8.76      *A         

             

8.81      *B    Table 8 Results  

          

in terms of coded 

 

-15.98      *C     
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factors 

   

29.60 

     

*A*B 

      

             

               

12.73      *A*C         

               

-7.63      *B*C         

               

 

Table 9, Results in Terms of Actual Factors: 
 

Table 10 shows the results of predicted, actual and residual values. 

 

Table 10 Predicted Values, Actual Values And Residuals 
 

Standard order Actual value Predicted value Residual 

    

1 55.56 51.50 4.10 
    

2 8.00 9.82 -1.82 
    

3 12.20 9.92 2.28 
    

4 83.00 86.65 -3.65 
    

5 59.00 59.41 -0.41 
    

6 57.00 51.48 5.52 
    

7 12.20 2.01 10.19 
    

8 61.10 44.98 16.12 
    

9 35.30 39.01 -3.71 
    

10 70.00 71.88 -1.88 
    

11 8.00 22.31 -14.31 
    

12 12.20 24.68 -12.28 
    

13 22.00 39.37 -17.47 
    

14 8.00 39.37 -31.47 
    

15 56.10 39.37 16.63 
    

16 52.00 39.37 12.53 
    

17 59.30 39.37 19.83 
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3.4 Model Graphs 
 

Normal Plot of Residuals 
 

The normal probability plot indicates whether the residuals follow a normal distribution, in which case the 

points will follow a straight line. Expect some moderate scatter even with normal data. 
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3.5 Model Graphs: Effects of bleaching factors on the bleaching efficiency, (Two factors plot) 
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3.6 Contour plot of interaction effects of the factors 

 

 
 

3.7 Effect of Adsorbent Dosage on Bleaching Efficiency: 
 

The clay dosage was varied from 4.0grms to 8.0grams. It was observed that increasing the clay dosage increased 

the bleaching efficiency. The results clearly indicate that the bleaching efficiency increases to an optimum 

value at adsorbent dosage of 4.02g, above which further increase in adsorbent dosage has no significant effect 

on it, but the value remains constant. This could be explained by the fact that adsorption equilibrium has been 

reached between the adsorbent/oil mixtures, thereby, preventing further pigment removal by the excess 

adsorbent dosage. Hence, it can be rightly concluded that absorbent dosage of clay is directly proportional to the 

bleaching efficiency. 
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3.8 Effect of Temperature on Bleaching Efficiency: 
Fig. 5 shows that the bleaching efficiency is favoured by an increase in process temperature. From the figure it 

is obvious that bleaching does not proceed to any appreciable degree at low temperatures. But as the 

temperature is increased from 60°C to 100°C, the bleaching efficiency increased showing that temperature 

promotes access to further adsorption sites in the adsorbent. The bleaching efficiency increased with contact 

time at high temperature until it reaches a maximum optimum value of 99.84
0
C, then it starts to decrease with 

increasing contact time. These indicate that a further increase in the reaction temperature will not have any or 

much significant effect on the bleaching efficiency. Hence, temperature varies directly as bleaching efficiency. 

 

3.9 Effect of Time on Bleaching Efficiency: 
According to the chart shown above, it is obseved that bleaching does not proceed to any appreciable degree at 

low contact time or reaction time. But as the time is increased from 30mins to 70mins, the bleaching efficiency 

increased showing that reaction time favours positively and promotes access to further adsorption sites and 

decolourization in the adsorbent clay. The optimum time as observed in the study is 39.27min. The bleaching 

efficiency increased with contact time at high temperature until it reaches a maximum, and starts to decrease 

with increasing time duration. Consequently, time factor in beaching of palm oil improves bleaching efficiency. 

 

3.10 Optimization 
Numerical optimization was applied to search for the design space, and the created model was used to find the 

factors settings that met the objective of optimal bleaching efficiency. The optimal parameters were selected 

based on the highest desirability, with 40 minutes, 100
o
C, and 4% for Time, Temperature and Clay dosage 

respectively. This gave an efficiency of 83.39% which has a good correlation with the actual value of 82..39%. 

Validation was done by repeating the bleaching experiments at the predicted optimum conditions as shown in 

table 7. The results obtained from the optimization of the bleached palm oil parameters showed that the 

bleaching efficiency is linearly affected by process temperature and the contact time, and quadratic dependent 

on adsorbent clay dosage, as these can be interpreted from graph and chart shown above. As process 

temperature increases, duration of time and clay dosage invariably increase the bleaching or degree of 

decolourization. 

 

IV. CONCLUSION 
The optimal process parameters on the efficiency of activated Ngwo Clay on the bleaching 

performance of palm Oil has been investigated. Response Surface Methodology was used to study the effect of 

key parameters of Temperature, Time and Clay Dosage on the bleaching of palm oil. Box Benkhen Design, 

(BBD), a Central Composite Rotatable Design, with 17 assay, was successfully applied in the experimental 

design in order to optimize the variables. The conditions foe the optimal bleaching efficiency were found to be; 

temperature, time and clay dosage of 99.84
o
C, 40min. and 4g respectively. This resulted to 80.39 % of palm oil 

bleached Graphical response surface and contour plots were used to locate the optimum points this study clearly 

shows BBD as a good technique for studying the effect of major parameters in the bleaching of palm oil. it has 

also shown that Ngwo clay is a veritable source of adsorbent for bleaching vegetable oils. The good correlation 

between the predicted and experimental values shows that the method adopted is good enough for the process 

and that all the process variables of temperature, contact time, and clay dosage were significant. 
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