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Abstract 
Response surface methodology involving historical data design has been successfully 
developed with the aim of predicting optimum operating conditions for dodo fried 
from plantain. Frying temperature and time were 150, 160, 170, 180 and 190˚C and 
2.0, 2.5, 3.0, 3.5 and 4.0 min respectively. The parameters analyzed included moisture 
content, oil content, texture and change in colour. The fitted functions were opti-
mized for moisture content, oil content, texture and change in colour in order to ob-
tain a product with the acceptable quality attributes. Frying conditions had signifi-
cant (p < 0.05) effects on the quality attributes. Coefficients of determination (R2) of 
the generated models ranged from 0.91 to 0.99. Optimum frying condition was 
177.51˚C for 2.10 min. This gave 14.16% moisture content, 1.54% oil content, 2.93 N 
texture and 40.89 change in colour. Desirability of 0.7 was obtained for optimum 
conditions. Therefore, the estimated response surface model can be used to optimize 
the frying process of dodo fried from plantain.   
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1. Introduction 

Plantain (Musa parasidiaca AAB) is major food crops in the humid and sub-humid 
parts of Africa. It is a major source of energy for millions of people in Africa [1]. Nutri-
tionally, it constitutes a rich energy source, with carbohydrates accounting for 32% of 
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fruit weight for plantain and is rich in vitamins A, B6, C, minerals and dietary fibre [2] 
[3]. The dense calorific content together with nutritional quality makes plantain one of 
the most significant and commonly consumed staple foods in Nigeria [4] [5]. They 
contribute appreciably to food security and provide more than 25% and 10% of the daily 
intake of carbohydrates and calories for more than 70 million people in Sub-Saharan 
Africa [6]. 

Plantain is commonly consumed in fried form in Nigeria. Very small quantity is 
converted into flour for porridge making. Others may be eaten either in the form of 
unripe deep-fat fried snack with crunchy feel called Ipekere or the fully ripe oil fried 
staple called Dodo or the overripe deep-fat fried snack called Dodo-Ikire. Fried foods 
generally have been known to contain high calories because of fat absorption. Fried 
plantain products remain popular in spite of all the health issues associated with high 
intake of dietary fibre. This is attributed to the unique textural and quality characteris-
tics imparted by frying. Consumers’ knowledge of health implications of high calorie 
has necessitated the resolve by food manufacturers to seek means to optimize the proc-
ess for minimal fat absorption while the desired qualities are preserved. 

One of the oldest and most popular cooking methods of preservation is frying. 
Deep-Fat Frying (DFF) is a method to produce dried food where an edible fat heated 
above the boiling point of water serves as the heat transfer medium, fat also migrates 
into the food, providing nutrients and flavour [7]. It can be considered as a high tem-
perature and a short time process which involves both mass transfer, mainly repre-
sented by water loss and oil uptake and heat transfer [8]. Therefore, DFF is often se-
lected as a method for creating unique flavour, colour and texture in processed foods 
[9] [10]. The disadvantages of DFF which include surface darkening and many adverse 
reactions take place during frying because of high temperature. 

Response Surface Methodology (RSM) is an important technique in optimization 
process. It is a collection of statistical and mathematical techniques useful for develop-
ing, improving and optimizing processes in which a response of interest is influenced 
by several variables and the objective is to optimize the process [11]. RSM has impor-
tant application in the design, development and formulation of new products, as well as 
in the improvement of existing product design. The oil temperature and frying time 
have been shown as major variables controlling DFF operation [12] [13]. It is important 
to find an appropriate processing condition for deep fried dodo with high quality 
attributes. This work therefore aimed at optimizing the DFF processing conditions of 
dodo using RSM with the purpose of achieving high quality attributes. 

2. Materials and Methods 

2.1. Materials 

Matured plantain fruits harvested at green stage were obtained from a local farm in 
Ogbomoso and identified in the Department of Crop and Environmental Protection, 
LAUTECH, Ogbomoso, Oyo State, Nigeria. Refined vegetable oil commonly used for 
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frying was purchased from Ace Supermarket, Ogbomoso, Nigeria. 

2.2. Sample Preparation 

Fresh, matured plantains were kept at 30˚C ± 2˚C and allowed to ripen slowly until 
they reached the desired yellow stage of ripeness using colour index chart according to 
Aurore et al. [14]. The fruits were manually peeled and sliced with a knife. The pulps 
were sliced to discs of thickness 5.0 mm. The discs were measured with a sliding calli-
per and any incorrectly sliced discs were rejected. 

2.3. Experimental Design 

Response surface methodology using historical data design was used to study the effect 
of frying temperature and time on the quality characteristics of dodo. The variables 
considered were frying temperature ( 1X ) and time ( 2X ) while the responses were 
moisture content (MC), oil content (OC), texture (T) and change in colour (∆E). 

2.4. Frying Operation 

The fryer was filled with 2.5 L of oil and equipped with a 2 kW. Plantain slices to oil ra-
tio was kept at 1:5 by volume. Plantains were fried at temperature in the range of 150˚C 
to 190˚C and time ranging from 2 min to 4 min. Excess oil was removed by shaking the 
baskets manually and the chips were placed on a rack to cool after frying. Samples were 
stored in sealed, low density polyethylene bags and kept at room temperature until 
analyses were performed. 

2.5. Analysis of Sample 
2.5.1. Moisture Content 
The sample (5 g) was weighed into a pre-weighed moisture dish. The dish plus sample 
taken was transferred into the oven pre-set at 105˚C to dry to a constant weight for 24 
hours overnight. At the end of the 24 hours, the dish plus sample was removed from 
the oven and transferred to desiccator, cooled for 30 min and weighed [15]. 

2.5.2. Fat Content 
Oil content was determined following the AOAC [15] method. Fried plantain samples 
were ground using a grinder. Five gram of sample was weighed into thimbles for fat ex-
traction in a solvent extractor (SER 148, Velp Scientifica, Usmate, Italy) using petro-
leum ether. Oil content was determined as the ratio of the mass of extracted fat and dry 
matter of the sample. The extraction process took approximately two hours. 

2.5.3. Texture 
The texture of fried plantain samples were determined using a universal testing ma-
chine (Model 500, Testometric AX, Rochdale, Lancashire, England) equipped with a 1 
kN load cell. The cylindrical probe used in the test was made of stainless steel with 2 
mm diameter and 30 mm height. The machine was calibrated with a 1 kg weight. The 
force-displacement data were collected at the rate of 10 points per second. The probe 
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was moved at a speed of 100 mm/min and allowed to penetrate 20 mm into the sample 
in a 2-cycle test [16]. 

2.5.4. Colour 
Colour variables ( *L , *a  and *b ) were measured using a colorimeter (Colour Tec-PCM, 
Hunterdon, NJ) as described by Krokida et al. [17]. The instrument was standardized 
and the samples were placed in the sample holder. Samples were scanned at different 
locations to determine lightness ( *L ), redness ( *a ) and yellowness ( *b ) variables. Co-
lour measurement was determined in triplicates. The change in colour ( E∆ ) of dodo 
was calculated using Equation (1) [18]. 

*2 *2 *2E L a b∆ = ∆ + ∆ + ∆                      (1) 

2.6. Modeling and Optimization 

Regression models were developed for the quality attributes of dodo as a function of the 
two process variables. The Design Expert software version 9.0.3.1 was used to analyze 
the frying data for developing response equations, analysis of variance (ANOVA), gen-
erate surface plots and determine optimum frying conditions using its optimization 
toolbox. Statistical significance of the terms in the regression equations was tested for 
errors and test of significance considering probability at confidence limits with p < 0.05 
was used for ANOVA. 

3. Results and Discussion 
3.1. Model Parameters for Fried Plantain (Dodo) 

The DFF process of dodo and their corresponding responses results are presented in 
Table 1. Multiple regression and correlation analysis are used as tools for assessment of 
the effects of two or more independent variables on the dependent variables. The 
probability F value and p-value were used as a tool to check the significance of each of 
the coefficients in Table 2. A large magnitude of the F value and smaller p-value de-
noted greater significance of the corresponding coefficient [19]. The coefficients of de-
termination (R2) for the responses moisture content, oil content, texture and change in 
colour are 0.93, 0.99, 0.99 and 0.91, respectively. The values are quite high for response 
surfaces and indicated that the fitted quadratic models accounted for more than 90% of 
the variance in the experimental data, which were found to be highly significant. Based 
on p-values, the only regression coefficients significant at 95% and 99% levels were se-
lected for developing the models. 

In order to evaluate the adequacy and consistency of the models, ANOVA was con-
ducted using F-statistic. The F-value for moisture content (53.36), oil content (2096.38), 
texture (381.13) and colour (39.28) were significant at 95% confidence level (Table 2). 
Therefore, it can be concluded that the selected models adequately represent the data 
for moisture content, oil content, texture and colour. The empirical models obtained 
for the quality attributes of dodo were stated as Equations (2)-(5). 
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Table 1. The experimental design and obtained values of the responses. 

Run 
Factors Responses 

1X  (˚C) 2X  (min) MC (%) OC (%) T (N) E∆  

1 150.00 2.00 14.28 1.53 2.96 52.96 

2 160.00 2.00 14.23 1.54 2.68 49.32 

3 170.00 2.00 14.17 1.54 2.82 43.54 

4 180.00 2.00 14.16 1.53 3.04 41.85 

5 190.00 2.00 14.15 1.52 3.47 33.73 

6 150.00 2.50 14.25 1.55 2.93 52.56 

7 160.00 2.50 14.19 1.56 2.76 49.15 

8 170.00 2.50 14.21 1.56 2.70 43.71 

9 180.00 2.50 14.12 1.57 3.01 40.18 

10 190.00 2.50 14.12 1.54 3.43 41.32 

11 150.00 3.00 14.23 1.56 3.01 50.23 

12 160.00 3.00 14.21 1.57 2.73 46.56 

13 170.00 3.00 14.12 1.58 2.86 37.96 

14 180.00 3.00 14.09 1.58 3.08 37.86 

15 190.00 3.00 14.09 1.57 3.50 38.06 

16 150.00 3.50 14.22 1.58 3.19 48.56 

17 160.00 3.50 14.21 1.59 2.92 44.49 

18 170.00 3.50 14.10 1.61 3.04 40.89 

19 180.00 3.50 14.08 1.61 3.26 33.32 

20 190.00 3.50 14.07 1.60 3.68 35.15 

21 150.00 4.00 14.21 1.60 3.48 47.93 

22 160.00 4.00 14.13 1.60 3.30 42.88 

23 170.00 4.00 14.08 1.63 3.32 36.33 

24 180.00 4.00 14.05 1.63 3.54 35.01 

25 190.00 4.00 14.05 1.62 3.96 33.99 

Where: MC = Moisture content (%), OC = Oil content (%), T = Texture (N) and E∆  = Change in colour. 

 
2 2

1 2 1 2 1 216.87 0.02 0.04 7.62 5 1.33 3 4.90 0.04MC X X E X E X E X X= − + + − − − − −   (2) 

2 2
1 2 1 2 1 20.37 0.01 0.03 4.48 5 3.98 4 4.84 4OC X X E X E X E X X= + − − − − − + −     (3) 

2 2
1 2 1 2 1 232.25 0.34 0.98 1.06 3 0.22 5.50 4T X X E X X E X X= − − + − + − −        (4) 

2 2
1 2 1 2 1 2298.61 2.56 2.36 6.20 3 0.89 0.02E X X E X X X X∆ = − − + − − +         (5) 

The coefficient of the regression equations for the measured responses, the linear, 
quadratic and interaction terms of the selected variables were evaluated and values were 
shown in Table 2. As reflected in Equations (2)-(5), the sign and magnitude of the 
coefficients indicate the effect of variable on the response. Negative sign of the coefficient 
indicate decrease in dependent variable when the value of that independent variable is  
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Table 2. Analysis of variance and coefficients for the prediction models. 

Responses Sources of variance Sum of squares DF Mean squares F-value p-value 

MC Model 0.1056 5 0.0211 53.3568 0.0001* 

 1X  0.0737 1 0.0737 186.405 0.0001* 

 2X  0.0271 1 0.0271 68.5544 0.0001* 

 
2

1X  0.0040 1 0.0040 10.2862 0.0046* 

 
2
2X  7.81E-6 1 7.81E-6 0.0197 0.8898 

 1 2X X  0.0006 1 0.0006 1.5182 0.2329 

 
Residual 0.0075 19 0.0003 

  

 
Total 0.1131 24 

   
OC Model 0.0257 5 0.0051 2096.384 0.0001* 

 1X  0.0002 1 0.0002 87.5263 0.0001* 

 2X  0.0235 1 0.0235 9582.882 0.0001* 

 
2
2X  0.0014 1 0.0014 572.790 0.0001* 

 
2
2X  6.93E-7 1 6.93E-7 0.2819 0.6016 

 1 2X X  0.0005 1 0.0005 238.439 0.0001* 

 
Residual 4.67E-5 19 2.46E-6 

  

 
Total 0.0258 24 

   
T Model 2.6853 5 0.5370 381.1286 0.0001* 

 1X  0.8274 1 0.8274 587.1978 0.0001* 

 2X  0.8498 1 0.8498 603.1173 0.0001* 

 
2
2X  0.7878 1 0.7878 559.0968 0.0001* 

 
2
2X  0.2193 1 0.2193 155.6933 0.0001* 

 1 2X X  0.0007 1 0.0007 0.5376 0.4724 

 
Residual 0.0267 19 0.0014 

  

 
Total 2.7120 24 

   
E∆  Model 823.1752 5 164.6350 39.2821 0.0001* 

 1X  678.1304 1 678.1304 161.803 0.0001* 

 2X  112.6736 1 112.6736 26.8841 0.0001* 

 
2
2X  26.9681 1 26.9681 6.43463 0.0201* 

 
2
2X  3.4813 1 3.4813 0.8306 0.3735 

 1 2X X  1.9217 1 1.9217 0.4585 0.5065 

 
Residual 79.6306 19 4.1910 

  

 
Total 902.8058 24 

   
*p < 0.05 indicates statistical significance. 

 
increased while positive sign of the coefficient indicate increase in dependent variable 
when the value of that independent variable is increased. Significant interaction sug-
gests that the level of one of the interaction variables can be increased while that of 
other decreased for constant value of the response. 

The results of the moisture content of dodo showed that two linear ( 1X , 2X ) fac-
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tors, two quadratic ( 2
1X , 2

2X ) factors and one interaction ( 1 2X X ) term were signifi-
cant at p < 0.05. For the oil content, it was shown from the analysis that two linear ( 1X ,

2X ) factors, one quadratic ( 2
1X ) and one interaction ( 1 2X X ) term were significant 

and one quadratic term ( 2
2X ) was not significant. In the case of the texture of the dodo 

produced, the two terms were linear ( 1X , 2X ), the two quadratic ( 2
1X , 2

2X ) were 
significant terms and one interaction term ( 1X , 2X ) was not significant. The results of 
change in colour of the dodo showed that two linear ( 1X , 2X ) factors, one quadratic 
( 2

1X ) factor were significant while one quadratic factor ( 2
2X ) and one interaction 

( 1 2X X ) term were not significant. 

3.2. Effect of Process Variables on the Quality Attributes of Dodo 

Figure 1 showed the effect of interaction of frying temperature and time on moisture 
content. The moisture content ranged between 14.05% and 14.28%. It was observed 
that increase in temperature resulted in reduced moisture content in the dodo fried 
from plantain slices. This indicated that the moisture content was affected by frying 
temperature and time. The moisture content in fried products can affect the textural 
properties, as well as the storage quality. The values obtained were similar with those 
obtained by earlier studies on thermal sensitivity of some plantain micronutrients dur-
ing DFF [20]. 

The effect of interaction of frying temperature and time on oil content is shown in 
Figure 2. The oil content of the dodo was between the values of 1.52% and 1.63%. 
Contour plot showed that as the frying temperature and time of the process increased 
the oil content of dodo increased. This increase in oil content coincided with the period 
of moisture evaporation from the fried plantain. The changes in the water and oil con-
tents of dodo are in agreement with the works of [21] [22]. 

Figure 3 showed the effect of interaction of frying temperature and time on texture  
 

 
Figure 1. The surface plot for moisture content of dodo as affected by frying temperature and 
time. 
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Figure 2. The surface plot for oil content of dodo as affected by frying temperature and time. 
 

 
Figure 3. The surface plot for texture of dodo as affected by frying temperature and time. 
 
of dodo. The texture varied between 2.96 to 3.96 N. Textural attribute is critical in de-
termining acceptance of foods; therefore, a puncture test of the dodo was carried out. 
There was decreased in the texture of dodo as the frying temperature and time in-
creased. The texture of fried products has been reported to depend on raw materials, 
processing conditions and should be crispy, mealy, and firm during frying [23] [24]. 
This finding agreed with report of [25] on vacuum frying of doughnuts who observed 
that the texture was directly related to frying temperature and time. 

The effect of interaction of temperature and time on change in colour is shown in 
Figure 4. The change in colour was between 33.33 and 52.96. The E∆  of dodo de-
creased progressively as the frying temperature and time increased. The implication is  
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Figure 4. The surface plot for colour of dodo as affected by frying temperature and frying time. 
 
that higher Hunter E∆  values will lead to lower colour quality on the surface of dodo. 
It was observed that an increase in temperature led to a significant formation of brown 
products. A change in colour of dodo to dark is usually due to non-enzymatic brown-
ing at higher temperatures [26]. The similar results were obtained by Moreira et al. [27] 
on vacuum frying of potato chips. 

4. Conclusion 

The models (MC, OC, T and E∆ ) were useful for indicating the direction in which to 
change variables in order to minimize moisture content, fat content, texture and change 
in colour. Based on the above findings, an optimization study was performed to eva-
luate the optimal operating conditions for individual responses. The optimum quality 
characteristics values obtained are 14.16%, 1.54%, 2.93 N and 40.89 for moisture con-
tent, oil content, texture and change in colour, respectively at 177.51˚C and 2.10 mi-
nutes, having a desirability of 0.70. Therefore, the estimated response surface model can 
be used to optimize the frying process of dodo fried from plantain. 
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