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  Abstract 
Protein energy malnutrition is one of the major public health problems in the de-
veloping countries. The objective of this study was to develop protein enriched 
instant porridge flour from maize and cassava leaf composites. Response Surface 
Methodology (RSM) in Box-Behnken design was used for formulation and opti-
mization of the process variables. A co-rotating twin screw extruder was used with 
the combination of the three variables; extrusion temperature (80-120oC), cassava 
leaf flour proportion (5-15%) and feed moisture (14-18%). Results obtained 
showed that, the protein and lysine contents were found in the ranges of 11.45 to 
20.1% and 1.98 to 6.2 g/100g of protein, respectively. There was a significant (p < 
0.001) increase in the protein and essential amino acid contents of the extruded 
flour due to supplementation with cassava leaf flour. The optimum extrusion vari-
ables that could give optimum proximate composition and essential amino acid 
profiles were; extrusion temperature (118oC), feed composition (8%) and feed 
moisture (14%) with a composite desirability of 99.8 percent. The optimum value 
of protein after optimization was 16%. Therefore, 100 grams serving of 
maize-cassava leaf extruded instant porridge can provide 47% of the recom-
mended daily allowance of protein (34 g/day) for children up to 12 years old with 
enhanced protein quality. Therefore, extrusion cooking can be used effectively for 
production of maize-cassava leaf composite instant porridge flours that have en-
hanced nutritional quality. 

Keywords 
Cassava Leaf, Composites, Extrusion Cooking, Instant Porridge, Maize, Optimi-
zation 

 
1. Introduction 

Malnutrition is one of the major causes of mortality among children below five years in developing countries [1, 2, 3]. 
Development of nutrient enriched food formulations using locally available crops has been proposed as a means to 
tackle this problem by many scholars [3, 4]. Among the locally available crops, maize (Zea mays L.) is an important 
cereal crop dominantly produced in developing countries being used as a major source of calories for most of the world 
population. Maize grain contains a proximate composition in the range of protein (4.50-9.87%), fat (2.17-4.43%), fiber 
(2.10-26.70%), ash (1.10-2.95%) and carbohydrate (44.60-069.60%) depending on cultivars and growing conditions [4]. 
However, its overall nutritional composition is low compared to other crops as it particularly lacks essential amino acids 
such as lysine (0.2 mg/100g protein) and tryptophan (0.13 mg/100g protein) [5]. Therefore, there is need to blend maize 
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flour with other locally available ingredients so as to fill the lacking nutritional components. In this context, cassava 
leaves can be used as an important candidate for such interventions to reduce malnutrition, such as anemia, vitamin A 
and protein deficiencies in millions of people by introducing it as read-to-eat snack or extruded products in human diets. 
This is due to the fact that, cassava leaves contain high contents of crude protein (17.7 to 38.1% dry weight basis) and 
high contents of vitamins; B2 (0.33 to 0.51 mg/100g fresh leaves), vitamin C (231 to 482 mg/ 100g fresh leaves), and  
minerals such as phosphorous (180 to 420 mg/100g fresh leaves), magnesium (260 to 370 mg/100g fresh leaves), potas-
sium (1380 to 2000 mg/100g fresh leaves), and calcium (430 to 1071 mg/100g fresh leaves) depending on the cultivar 
and climatic conditions [6, 7, 8, 9, 10, 11]. Cassava leaves also contain essential amino acids such as leucine (9.7), ly-
sine (6.7) (6.7), isoleucine (5.9), threonine (4.8), valine (3.35), phenylalanine (3.3), histidine (2.3), methionine (1.3) and 
tryptophan (0.8) mg/100g protein [9, 10]. This makes the cassava leaf a potential raw material for use in extruded prod-
ucts, considering that extrusion could also reduce the anti-nutritional components that are found abundantly in cassava 
leaves [12].  

Extrusion cooking is preferred over other food processing techniques because it is a continuous, highly productive 
process that results in significant nutrient retention because of the high temperature and short time required [13]. Extru-
sion combines a number of unit operations such as mixing, heating and shearing in one energy efficient rapid continu-
ous process and can be used to produce a wide variety of products [14]. It is a versatile and state-of-art technology and 
provides enormous opportunity for modifying the functionality of food materials for improved digestibility and high 
sensory quality [15]. Apart from producing a variety of products, extrusion is helpful to prolong the shelf life of cereal 
products by inactivating enzymes such as lipases and lipooxygenases responsible for rancidity and off flavours to occur 
in whole grain flours [16, 17]. Extrusion also offers an excellent opportunity to modify hydration properties and to im-
prove paste stability and functionality of food matrices, by tailoring the processing conditions [15]. Extrusion of whole- 
grain maize flour has a positive impact on both the shelf life of the flour by reducing rancidity development and in 
cookies quality [18]. Under conditions of low moisture content (12 to 14%), low percentage of cassava leaf flour (2 to 
4%), and intermediate conditions of extrusion temperature (100°C) and screw speed (230rpm), it was possible to obtain 
puffed snack products with desirable characteristics [19]. An advantage of extrusion cooking for cassava leaves can be 
the destruction of anti-nutritional factors, especially trypsin inhibitors, tannins and phytates; all of which inhibit protein 
digestibility [19]. The protein contents and its digestibility is the most important component in the extruded products 
[20, 21]. During the extrusion process, proteins begin to denature and change from soluble to insoluble by bonding and 
these bonds are then broken by the increasing heat and shear to form a concentrated solution or melt phase that can lead 
to formation of covalent bonds at high temperatures [22, 23].  

Despite the wide use of extrusion in the development of food products, the use of maize-cassava leaf flour compos-
ites as raw material have not yet been conducted. Response surface methodology (RSM) is an effective statistical tech-
nique for optimizing extrusion process variables [24, 25, 26, 27]. The objective of this study was to optimize extrusion 
variables for production of protein enriched maize-cassava leaf composite porridge flour. Response surface methodol-
ogy with Box-Behnken design was used for formulation and optimization of process variables to achieve the required 
values of the response variables. Extrusion temperature, feed composition and feed moisture were considered as process 
variables and proximate compositions and essential amino acid profiles were chosen as response variables. 

2. Materials and Methods 

2.1. Sample collection and preparation 

Maize (BH 543) variety (25 kg) was collected from Hawassa Agricultural Research Centre, Southern Ethiopia. The 
grains were sorted and cleaned to remove foreign matter. The dried kernels were milled into flour using a laboratory 
disk miller (Alvan Blanch, Britain). The flour was sieved using 100 µm mesh size and packed in polyethylene bag until 
the extrusion process was carried out. Cassava leaves (Kello variety) were collected from Areka research center located 
in Wolayta Zone of Southern Ethiopia. The fermentation process of cassava leaves were carried out according to Ha-
washi et al. [28] with slight modifications. Chopped cassava leaf (10 kg) was fermented using Lactobacillus plantarum 
(previously isolated from orange juice) at a concentration of 7 mL of 1 ×106 cells/mL and 1:0.5 ratio of cassava leaf to 
distilled water under incubation temperature at 37oC for 48 hours. The fermented samples were dried using oven 
(Binder, Germany) at 60oC for 8 hours. Then the dried cassava leaf flour was packed in polyethylene bag until the ex-
trusion process was conducted. 

2.2. Maize-cassava leaf composite flour preparation 

Three (3) formulations were prepared which contains cassava leaf flour ranging from 5 to 15% based on the experi-
mental layout in Table 1. The composites of maize and cassava leaf flour were mixed using a blender. The initial mois-
ture content of the blends was analyzed by drying in oven at 105oC until constant weight was reached (Method 925.09) 
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[29]. The average initial moisture content of composite 1 containing 5% cassava leaf flour was 10.94%, while compos-
ite 2 and 3 containing 10% and 15% cassava leaf flour were 11.35% and 12.03%, respectively. 

2.3. Extrusion process 

The extrusion process was performed using a co-rotating twin screw extruder (model BC‐21, No 194, Clextral, 
Firminy, France). According to the design, the barrel temperature at zone three of the extrusion was varied between 
80oC to 120oC (Table 1). Adjustments of flour feed rate and water flow rate based on the required process parameters 
were done after a pre-trial experiment. Flour feed rate and screw speed were set at 34.62 g/min and 400 rpm, respec-
tively, following a pre-trial experiment. However, water flow rate was adjusted according to the predetermined moisture 
level by using a pump (horizontal centrifugal pump with maximum strokes/min of 93). After the extrusion variables 
reach at steady state as designed, the extruded samples were collected and dried using oven at 60oC for 4 hours. Then 
the samples were milled into flour and sealed in polyethylene bags and stored in a desiccator until nutritional analyses 
were conducted. 

Table 1. Process variables with their levels used in the Box Behnken design 

Independent variables 
Level of coded variables 

Low Medium High 

Extrusion temperature (oC) -1(80) 0(100) 1(120) 

Feed composition (%) -1(5) 0(10) 1(15) 

Feed moisture (%) -1(14) 0(16) 1(18) 

2.4. Proximate composition analysis 

Proximate composition was determined according to AOAC [29] methods. Moisture was determined by drying in an 
oven at 105oC until constant weight was reached (Method 925.09). Crude protein was done by the micro-Kjeldhal 
method with acid (sulfuric acid) digestion of the sample and then an alkaline (sodium hydroxide) distillation using a 
nitrogen-to-protein conversion factor of 6.25 (Method 979.09). Crude fat was determined using hexane extraction in a 
Soxhlet extraction system (Method 920.39). Crude fiber was determined as the combustible and insoluble organic resi-
due obtained after the sample was subjected to acid digestion and then alkaline distillation (Method 962.09). Ash was 
quantified as the inorganic residue present after incineration at 550oC until loss of organic matter (Method 923.03). 
Carbohydrate content was estimated by difference [30]. Total energy (kcal/100g) was calculated using Atwater factors 
according to Nahemiah et al. [27] in equation 1. 

      (Eq. 1) 

2.5. Amino acid analysis 

Essential amino acid contents of the extruded samples were analysed according to [31, 32]. One gram of extruded 
flour sample was weighed into a screw capped test tube and 2 ml of 6 N HCL was added. The samples were hydrolysed 
for 24 hours at 100oC. After hydrolysis, the mixtures were cooled to room temperature and evaporated using a rotary 
evaporator under vacuum. However, for tryptophan analysis, 4.2 M NaOH was used for hydrolysis of the samples and 
hydrolysed at 105oC for 20 hours. Then the amino acid analysis was carried out using a reversed phase C18 column (250 
mm x 4.6 mm, 5 µm particle size) at 43oC operating temperature using High Performance Liquid Chromatography 
(1260 infinity). The values were reported by computing the ratio of peak area of the target amino acid to its concentra-
tion in the sample which is proportional to that of a known amount of the target amino acid in the standard solution. 

2.6. Experimental design and process optimization 

Response surface methodology (RSM) was applied to determine the combination of extrusion variables which could 
produce the best quality extruded flour from maize and cassava leaf composites. Box-Behnken experimental design 
with three factors (ET, FC and FM) was used (Table 2). Preliminary trials were conducted to select the number and 
range of process variables (Table 1). A second order polynomial regression equation was modeled on the basis of the 
experimental data and optimum parameters defined using Design-Expert version 13 Software and the following em-
pirical model present the relationships among process and response variables. 
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   (Eq. 2) 

Where; Y = estimated response, β0, βi, βii and βij are coefficients of the constant term, the linear terms, the quadratic 
terms and the interaction terms, respectively; X1 = extrusion temperature effect, X2 = feed composition effect and X3 = 
feed moisture effect and ℇ = the random error. 

Table 2. Outline of Box Behenken experimental design matrix 

Experimental runs 
Independent variables 

ET (oC) FC (%) FM (%) 

1 +1(120) 0(10) +1(18) 

2 0(100) +1(15) -1(14) 

3 0(100) 0(10) 0(16) 

4 -1(80) +1(15) 0(16) 

5 0(100) 0(10) 0(16) 

6 0(100) -1(5) +1(18) 

7 +1(120) -1(5) 0(16) 

8 -1(80) 0(10) -1(14) 

9 0(100) +1(15) +1(18) 

10 +1(120) +1(15) 0(16) 

11 -1(80) 0(10) +1(18) 

12 +1(120) 0(10) -1(14) 

13 0(100) 0(10) 0(16) 

14 0(100) -1(5) -1(14) 

15 -1(80) -1(5) 0(16) 

2.7. Fitted model validation 

Coefficient of determination (R2), adjusted coefficient of determination (R2
adj), predicted coefficient of determination 

(R2), lack of fit and coefficient of variation (C.V) were used to check if the fitted models provide an adequate estimation 
to the real system. The coefficient of determination (R2) value close to unity and R2

adj close to R2 ensure satisfactory 
fitting of the model to the real system.  When the difference between adjusted R2 and predicted R2 is less than 0.2, the 
model is fitted well. Adequate precision measures the signal to noise ratio and a ratio greater than 4 is desirable. A 
non-significant lack of fit is also considered. Probability value (P) of each responses was also used to check for the sig-
nificance of each factor and interaction between the factors. The smaller the P value, the more significant is the corre-
sponding coefficients [33].  

2.8. Statistical analysis 

The response surface methodology procedure of Design-Expert (DX13, Stat Ease Inc. Minneapolis, MN, USA) soft-
ware was used to analyse the experimental data. The significance and validity of regression model equations were ana-
lysed using analysis of variance (ANOVA). 

3. Results 
The mean values of proximate composition of extruded maize-cassava leaf composite flour are shown in Table 3. 

Moisture, protein, fat, fiber, ash, carbohydrate and energy content ranged from 5.45% to 9.45%, 11.45% to 20.1%, 
2.06% to 3.25%, 1.24% to 3.32%, 2.11% to 5.07%, 64.93% to 76.8% and 354.72 kcal to 382.25 kcal/100g, respectively. 
The mean values of proximate composition of the extruded flour were significantly (p < 0.05) different from the control 
sample. The response surface plot (Figure 1a) shows the interactive effect of extrusion temperature and feed composi-
tion at a constant feed moisture of 16% on protein content. Accordingly, an increase in extrusion temperature resulted in 
a decrease in protein content, whereas increase in feed composition resulted in increase in protein content. Figure 1b 
shows the interactive effect of extrusion temperature and feed moisture at a constant feed composition of 10% on pro-
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tein content. Figure 1c shows the interactive effect of feed composition and feed moisture at a constant extrusion tem-
perature of 100oC on protein content. Thus, an increase in feed moisture resulted in increase in protein content.  

Essential amino acid profiles of maize-cassava leaf composite extruded flour are shown in Table 4. The mean score 
of lysine, isoleusine, leusine, valine, methionine, threonine, histidine, phenylalanine and tryptophan content ranged 
from 1.98 to 6.2, 1.98 to 5.21, 5.47 to 7.51, 3.39 to 4.55, 1.54 to 3.11, 2.15 to 2.77, 1.56 to 3.04, 4.26 to 7.90 and 1.23 to 
2.30 g/100 g, respectively. The mean values of essential amino acid profiles of extruded flour were significantly (P < 
0.05) different from the control sample. The response surface plot (Figure 2a) shows the interactive effect of extrusion 
temperature and feed composition at a constant feed moisture of 16% on lysine content. Accordingly, an increase in 
extrusion temperature resulted in a decrease in lysine content, whereas an increase in feed composition resulted in in-
crease in protein content. Figure 1b shows the interactive effect of extrusion temperature and feed moisture at a constant 
feed composition of 10% on lysine content. Figure 1c shows the interactive effect of feed composition and feed mois-
ture at a constant extrusion temperature of 100oC on lysine content. Accordingly, an increase in feed moisture resulted 
in increase in lysine content.  

Table 3. Effect of extrusion variables on proximate composition of maize-cassava leaf composite extruded instant flour 

Runs 
Independent variables Response variables 

ET (oC) FC (%) FM (%) Moisture (%) Protein (%) Fat (%) Fiber (%) Ash (%) CHO (%) Calories (kcal/100g) 

1 +1(120) 0(10) +1(18) 8.0 ± 0.03g 16.43 ± 0.06f 2.06 ± 0.04e 2.29 ± 0.02d 4.68 ± 0.04c 68.83 ± 0.05g 359.58 ± 0.30f 

2 0(100) +1(15) -1(14) 8.22 ± 0.05f 18.11 ± 0.06d 2.2 ± 0.03d 3.06 ± 0.07c 4.6 ± 0.04d 66.87 ± 0.06i 359.72 ± 0.18f 

3 0(100) 0(10) 0(16) 8.2 ± 0.11ef 17.17 ± 0.03e 2.23 ± 0.05d 2.97 ± 0.05c 4.66 ± 0.07c 67.74 ± 0.09h 359.71 ± 0.79f 

4 -1(80) +1(15) 0(16) 9.45 ± 0.01a 20.1 ± 0.11a 2.21 ± 0.04d 3.32 ± 0.07a 4.28 ± 0.03e 63.96 ± 0.07l 356.13 ± 0.25g 

5 0(100) 0(10) 0(16) 8.5 ± 0.01de 17.04 ± 0.02e 2.29 ± 0.04d 2.74 ± 0.01c 4.4 ± 0.03e 67.77 ± 0.01h 359.85 ± 0.35f 

6 0(100) -1(5) +1(18) 7.0 ± 0.02i 15.26 ± 0.05h 2.5 ± 0.05c 1.74 ± 0.08f 3.95 ± 0.07f 71.29 ± 0.07d 368.7 ± 0.30d 

7 +1(120) -1(5) 0(16) 5.45 ± 0.01m 14.65 ± 0.03j 2.5 ± 0.02c 1.24 ± 0.04g 3.18 ± 0.05h 74.22 ± 0.02b 377.98 ± 0.31b 

8 -1(80) 0(10) -1(14) 8.9 ± 0.02b 18.1 ± 0.06d 2.3 ± 0.05c 3.07 ± 0.06b 4.5 ± 0.02d 66.2 ± 0.10j 357.9 ± 0.27f 

9 0(100) +1(15) +1(18) 9.0 ± 0.02b 18.8 ± 0.04b 2.2 ± 0.09d 3.19 ± 0.03b 5.07 ± 0.07a 64.93 ± 0.08k 354.72 ± 0.77g 

10 +1(120) +1(15) 0(16) 8.5 ± 0.01d 18.54 ± 0.09c 2.20 ± 0.03d 2.35 ± 0.03d 4.85 ± 0.02b 66.41 ± 0.05j 355.1 ± 0.13g 

11 -1(80) 0(10) +1(18) 8.64 ± 0.06c 18.23 ± 0.06d 2.27 ± 0.03d 3.23 ± 0.05b 4.77 ± 0.04bc 66.09 ± 0.10j 357.71 ± 0.24f 

12 +1(120) 0(10) -1(14) 6.06 ± 0.02k 16.13 ± 0.03g 2.22 ± 0.05d 2.39 ± 0.02d 4.7 ± 0.04c 70.89 ± 0.07e 368.06 ± 0.18d 

13 0(100) 0(10) 0(16) 8.35 ± 0.04e 17.31 ± 0.03e 2.32 ± 0.09d 2.7 ± 0.09c 4.37 ± 0.02e 67.65 ± 0.10h 360.72 ± 0.52ef 

14 0(100) -1(5) -1(14) 5.5 ± 0.03l 15.05 ± 0.08i 2.7 ± 0.03b 1.85 ± 0.09e 3.75 ± 0.05g 73.0 ± 0.12c 376.5 ± 0.15c 

15 -1(80) -1(5) 0(16) 7.28 ± 0.03h 16.22 ± 0.04g 2.25 ± 0.09a 2.05 ± 0.04f 3.8 ± 0.01g 70.34 ± 0.13f 367.48 ± 0.37d 

C 100 0 16 6.39 ± 0.05j 11.45 ± 0.03k 3.25 ± 0.06a 1.67 ± 0.06f 2.11 ± 0.08i 76.8 ± 0.16a 382.25 ± 0.22a 

ET= Extrusion temperature, FC= Feed composition, FM= Feed moisture, CHO= Carbohydrate, C = control (maize flour), values are mean ± standard 
deviation, values with different superscripts in column are significant at p < 0.05. 

The predictive regression models developed for the relationship between the dependent (y) and independent (X) 
variables in terms of proximate composition and essential amino acid profiles of extruded maize-cassava leaf composite 
instant flour are presented in Table 5 and Table 6, respectively. The independent and response variables were fitted to 
the second order model equation (Eq. 3) and its goodness of fit was examined using analysis of variance (ANOVA). 
Accordingly, coefficient of determination (R2), adjusted R2, predicted R2 and adequate precision ranged from 0.9774 to 
0.9936, 0.9368 to 0.9819, 0.8357 to 0.9056 and 17.5796 to 31.0702, respectively. The coefficients with single factor 
(X1, X2, and X3) represent the independent effect of a particular variable, while coefficients with two of the factors 
(X1X2, X1X3, and X2X3) and the ones with second-order terms (X1

2, X2
2, and X3

2) represent interaction between the 
three factors and quadratic effects, respectively. A positive sign in front of the regression term is an indication of syn-
ergetic relationship, while negative sign indicates an antagonistic relationship. The value of coefficient of variation in 
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Table 7 and 8 represents the variation of how far the data fall from the true response surface. The lower the value of 
coefficient of variation (less than 10%), the better the model describes the response.  

Numerical optimization of the extrusion and response variables were done using Design-Expert to identify the best 
combination of independent variables that could give the optimum values. The optimum extrusion variables that could 
give optimum proximate composition and essential amino acid profiles were; extrusion temperature (118oC), feed 
composition (8%) and feed moisture (14%) with overall composite desirability of 99.8% as shown in Table 7 and Fig-
ure 3. The bar graph in Figure 3 explains the desirability percentage for each responses. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. 3D surface plots showing effects of extrusion temperature, feed composition and feed composition on protein con-
tent of maize-cassava leaf instant flour. (a) Feed moisture was held constant at 16% (b) feed composition was held constant at 

10% (c) Extrusion temperature was held constant at 100oC. 
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Table 4. Effect of extrusion variables on essential amino acid contents of maize-cassava leaf composite extruded instant flour 
(g/100g protein) 

Runs 
Independent variables Response variables 

ET (oC) FC (%) FM 
(%) 

Lysine Isoleusine Leusine Valine Methionine Threonine Histidine Phenylalanine Tryptophan 

1 +1(120) 0(10) +1(18) 4.52 ± 0.04e 3.34 ± 0.05g 6.85 ± 0.08cd 3.39 ± 0.06f 2.58 ± 0.02fg 2.43 ± 0.02efg 2.27 ± 0.04ef 7.49 ± 0.02ef 1.92 ± 0.01cdef 

2 0(100) +1(15) -1(14) 5.55 ± 0.06b 4.6 ± 0.03c 7.35 ± 0.09ab 4.2 ± 0.02b 3.0 ± 0.07abc 2.75 ± 0.03ab 2.96 ± 0.02a 7.89 ± 0.01a 2.04 ± 0.01bc 

3 0(100) 0(10) 0(16) 4.8 ± 0.09d 3.91 ± 0.04e 7.01 ± 0.05c 3.7 ± 0.09d 2.97 ± 0.04abc 2.57 ± 0.04cd 2.41 ± 0.04d 6.62 ± 0.03i 1.81 ± 0.05f 

4 -1(80) +1(15) 0(16) 6.2 ± 0.02a 5.21 ± 0.04a 7.51 ± 0.03a 4.55 ± 0.05a 3.11 ± 0.04a 2.77 ± 0.02a 3.04 ± 0.05a 7.76 ± 0.05b 2.11 ± 0.05b 

5 0(100) 0(10) 0(16) 4.81 ± 0.03d 4.14 ± 0.07d 6.85 ± 0.04cd 3.64 ± 0.02d 2.98 ± 0.03abc 2.51 ± 0.04de 2.38 ± 0.01de 7.55 ± 0.01de 2.01 ± 0.03bcd 

6 0(100) -1(5) +1(18) 4.2 ± 0.04f 2.0 ± 0.04j 5.38 ± 0.01f 3.56 ± 0.07de 2.51 ± 0.04g 2.3 ± 0.09h 2.22 ± 0.02fg 6.78 ± 0.08h 1.88 ± 0.02def 

7 +1(120) -1(5) 0(16) 3.95 ± 0.09h 1.98 ± 0.07j 5.5 ± 0.04f 3.89 ± 0.03c 2.61 ± 0.05fg 2.31 ± 0.03gh 2.15 ± 0.08g 7.63 ± 0.03cd 2.06 ± 0.01b 

8 -1(80) 0(10) -1(14) 5.75 ± 0.01b 4.96 ± 0.03b 7.44 ± 0.06ab 3.92 ± 0.04c 2.91 ± 0.08bcd 2.51 ± 0.04de 2.8 ± 0.02b 7.71 ± 0.03bc 2.04 ± 0.06bc 

9 0(100) +1(15) +1(18) 5.2 ± 0.10c 3.98 ± 0.09e 7.28 ± 0.05b 4.21 ± 0.03b 2.8 ± 0.02de 2.64 ± 0.02bc 2.41 ± 0.03d 7.02 ± 0.03g 1.98 ± 0.07bcde 

10 +1(120) +1(15) 0(16) 4.42 ± 0.08ef 3.45 ± 0.02g 6.9 ± 0.03cd 3.63 ± 0.03d 2.99 ± 0.04abc 2.7 ± 0.03ab 2.24 ± 0.02fg 7.41 ± 0.08f 2.01 ± 0.04bcd 

11 -1(80) 0(10) +1(18) 5.14 ± 0.05c 3.97 ± 0.05e 6.53 ± 0.06e 3.57 ± 0.02de 2.69 ± 0.05ef 2.46 ± 0.02de 2.61 ± 0.05c 7.58 ± 0.03de 2.02 ± 0.03bc 

12 +1(120) 0(10) -1(14) 4.33 ± 0.04ef 3.69 ± 0.04f 6.48 ± 0.03e 3.48 ± 0.04ef 2.65 ± 0.05efg 2.45 ± 0.04def 2.37 ± 0.01de 6.2 ± 0.01j 1.98 ± 0.05bcde 

13 0(100) 0(10) 0(16) 4.84 ± 0.15d 3.98 ± 0.04e 6.83 ± 0.06d 3.66 ± 0.03d 3.05 ± 0.04ab 2.5 ± 0.05de 2.43 ± 0.04d 7.61 ± 0.05cde 2.08 ± 0.07b 

14 0(100) -1(5) -1(14) 4.08 ± 0.03gh 2.53 ± 0.01h 5.47 ± 0.08f 3.98 ± 0.04c 2.6 ± 0.07fg 2.33 ± 0.06fgh 2.18 ± 0.04fg 7.9 ± 0.06a 2.3 ± 0.03a 

15 -1(80) -1(5) 0(16) 4.3 ± 0.05efg 2.42 ± 0.03h 5.53 ± 0.05f 3.56 ± 0.06de 2.85 ± 0.08cd 2.39 ± 0.02efgh 2.19 ± 0.01fg 6.56 ± 0.02i 1.84 ± 0.04ef 

C 100 0 16 1.98 ± 0.14i 2.23 ± 0.04i 6.89 ± 0.04cd 4.20 ± 0.07b 1.54 ± 0.04h 2.15 ± 0.07i 1.56 ± 0.06h 4.26 ± 0.04k 1.23 ± 0.09g 

ET= Extrusion temperature; FC= Feed composition; FM= Feed moisture; C= control (maize flour), values are mean ± standard deviation, values with 
different superscripts in column are significant at p < 0.05.  

Table 5. Estimated regression coefficients for proximate composition of maize-cassava leaf composite extruded instant flour 
using coded variables  

Term Moisture Protein Fat Fiber Ash CHO Calories 

Intercept        
β0 8.35 17.17 2.28 2.80 4.48 67.72 360.09 

Linear        
X1 -0.7825*** -0.8625*** -0.0825** -0.3575*** 0.0075 1.72*** 2.69*** 

X2 1.24*** 1.80*** -0.2188*** 0.6975*** 0.5150*** -3.34*** -8.12*** 

X3 0.4950*** 0.1663 -0.0488* 0.0100 0.1150* -0.7275** -2.68** 

Quadratic        
X1

2 -0.1800 0.3108 -0.1375** -0.0717 -0.0646 -0.0037 -0.0092 
X2

2 -0.5750* -0.1067 0.0500 -0.3567** -0.3846** 1.02** 4.09*** 

X3
2 -0.3450* -0.2617 0.0700* 0.0133 0.2504* 0.2862 0.7283 

Interaction        
X1X2 0.2200 0.0025 -0.1625*** 0.0950 0.2975** -0.3575 -2.88** 

X1X3 0.5500** 0.0425 -0.0325 -0.0650 -0.0725 -0.4875 -2.07** 

X2X3 -0.1800 0.1200 0.0500 0.0600 0.0675 -0.0575 0.7000 
R2 0.9919 0.9913 0.9886 0.9875 0.9774 0.9936 0.9934 

Adjusted R2 0.9773 0.9757 0.9682 0.9650 0.9368 0.9819 0.9815 
Predicted R2 0.8977 0.8765 0.9021 0.9056 0.8357 0.8977 0.9049 
A. precision 25.9630 27.2119 30.6108 21.9718 17.5796 31.0702 28.0923 

C.V 2.45 1.40 1.74 4.56 2.90 0.5825 0.2773 
Model 0.0001 0.0001 0.0002 0.0003 0.0013 0.0001 0.0001 

Lack of fit 0.3460 0.1848 0.6847 0.7602 0.7790 0.1470 0.1723 

Y = β0 + β1X1+ β2X2+ β3X3+ β11X1
2

 + β22X2
2 + β33X3

2 + β12 X1X2 + β13 X1X3 + β23 X2X3 ; X1= Extrusion temperature; X2= Feed composition; X3= Feed 
moisture; β0= Constant term; A= Adequate; C.V= Coefficient of variation, * significant at P < 0.05, ** significant at P < 0.01, *** significant at P < 
0.001.  
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Figure 2. 3D surface plots showing effects of extrusion temperature, feed composition and feed composition on lysine content 
of maize-cassava leaf instant flour. (a) Feed moisture was held constant at 16% (b) Feed composition was held constant at 

10% (c) Extrusion temperature was held constant at 100oC 
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Table 6. Estimated regression coefficients for essential amino acid profiles of maize-cassava leaf composite extruded instant 
flour using coded variables 

Term Lysine Isoleucine Leucine Valine Methionine Threonine Histidine Phenylalanine Tryptophan 
Intercept          

β0 4.82 4.01 6.90 3.67 3.00 2.53 2.41 7.63 2.05 
Linear          

X1 -0.5212*** -0.5125*** -0.1600** -0.1513*** -0.0913*** -0.0300* -0.2012*** -0.1625** -0.0325** 

X2 0.6050*** 1.04*** 0.8950*** 0.2000*** 0.1662*** 0.1912*** 0.2388*** 0.6275*** 0.1250*** 

X3 0.0813** -0.3112*** -0.0875 -0.1063*** -0.0725*** -0.0262* -0.1000*** -0.0500 0.0125 
Quadratic          

X1
2 0.0392 -0.0162 -0.0408 -0.0783** -0.0650** -0.0133 0.0342 -0.1729* 0.0192 

X2
2 -0.1383*** -0.7287 -0.4958 0.3192*** -0.0450* 0.0292 -0.0358 -0.3329*** -0.0108 

X3
2 0.0792* -0.0038*** -0.0308*** 0.0017 -0.2275*** -0.0508* 0.0717* -0.0929 -0.0858*** 

Interaction          
X1X2 -0.3575*** -0.3300** -0.1450* -0.3125*** 0.0300 0.0025 -0.1900*** 0.0775 -0.0850*** 

X1X3 0.2000*** 0.1600* 0.3200** 0.0650** 0.0375* 0.0075 0.0225 -0.1525 0.0150 
X2X3 -0.1175** -0.0225 0.0050 0.1075*** -0.0275 -0.0200 -0.1475*** -0.0475 0.0250 

R2 0.9987 0.9965 0.9929 0.9969 0.9925 0.9879 0.9929 0.9905 0.9901 
Adjusted R2 0.9964 0.9902 0.9802 0.9913 0.9789 0.9661 0.9801 0.9734 0.9723 
Predicted R2 0.9816 0.9714 0.9198 0.9680 0.9749 0.9273 0.9016 0.8792 0.9708 
A. precision 70.5670 39.5131 24.8652 47.6978 25.6374 19.7928 26.8745 23.3385 29.9507 

C.V 0.8134 2.74 1.63 0.7940 1.02 1.12 1.64 1.20 0.9890 
Model 0.0001 0.0001 0.0001 0.0001 0.0001 0.0003 0.0001 0.0002 0.0002 

Lack of fit 0.1652 0.7146 0.4619 0.5480 0.9779 0.8576 0.2267 0.3382 0.9885 

Y = β0 + β1X1+ β2X2+ β3X3+ β11X1
2

 + β22X2
2 + β33X3

2 + β12 X1X2 + β13 X1X3 + β23 X2X3 ; X1= Extrusion temperature; X2= Feed composition; X3= Feed 
moisture; β0= Constant term; A= Adequate; C.V= Coefficient of variation, * significant at P < 0.05, ** significant at P < 0.01, *** significant at P < 
0.001. 

Table 7. Optimum extrusion conditions, essential amino acid (g/100 g protein) and proximate compositions of maize-cassava 
leaf composite extruded instant flour  

Variables Lower Limit Upper Limit Optimum RDI* 

Extrusion temperature (oC) 80 120 118  
Feed composition (%) 5 15 8  

Feed moisture (%) 14 18 14  
Lysine 3.95 6.2 4.17 35 

Isoleusine 1.98 5.21 3.29 17 
Leusine 5.38 7.51 6.12 38 
Valine 3.39 4.55 3.62 22 

Methionine 2.51 3.11 2.58 17 
Threonine 2.3 2.77 2.38 18 
Histidine 2.15 3.04 2.32 12 

Phenylalanine 6.2 7.9 7.11 31 
Tryptophan 1.81 2.3 1.91 5 
Protein (%) 14.65 20.1 15.52  

Ash (%) 3.18 5.07 4.31  
CHO (%) 63.96 74.22 72.28  

Calories (kcal/100g) 354.72 377.98 372.79  
Moisture (%) 5.45 9.45 7.27  

Fat (%) 2.39 3.49 2.39  
Fiber (%) 2.3 2.84 2.15  

RDI= Recommended dietary intake, * Essential amino acid requirements (mg/kg /day) for children up to 13 years old according to Institute of Medi-
cine [34]. 
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Figure 3. Bar graph for optimum extrusion and response variables with desirability. 

4. Discussion 
Extrusion cooking technology offers the opportunity to reduce or eliminate natural toxins and anti-nutrients from a 

variety products. However, during extrusion process several chemical changes occur due to several factors such as bar-
rel temperature, feed composition, feed moisture, screw speed, screw configuration, feed rate, die geometry, product 
viscosity in the barrel, residence time that can cause thermal degradation, depolymerization and recombination of frag-
ments [35].  

In this study, extrusion cooking was used to produce a blended instant flour with improved nutritional value. The Box 
Behnken design was used to optimize extrusion parameters using RSM. The response surface methodology (RSM) was 
found to be an effective tool for explaining the effect of extrusion process variables on proximate composition and es-
sential amino acid profiles of maize-cassava leaf composite instant porridge flour. In relation to model validation, the 
coefficients of determination (R2) for proximate composition of the extruded flour were found in the range 97.74% to 
99.36% (Table 5). This indicates that the model adequately predicts the response variables, since the values of R2 is 
very much close to 100%. This means the regression model adequately explains the variability in the response variables 
according to Nahemia et al. [27] and Zaibunnisa et al. [36]. The essential amino acid profiles of the extruded flour was 
adequately predicted by the model (Table 6) since the coefficient of determination (R2) is found in the ranges of 98.79% 
to 99.87% which is very close to 100%. According to Borror et al. [37], a good predictive model should have an ad-
justed R2 ≥ 0.80, a significance level of P < 0.05, and coefficients of variance (CV) ≤ 10%. In the present study, a d-
justed R2 ranged from 0.9368 to 0.9964 and coefficient of variation ranged from 0.5825 to 4.56, which indicates the 
goodness of fit. Furthermore, the non-significant lack of fit for all the proximate and essential amino acid contents are 
also an indication of a model goodness of fit. 

In this study, the moisture content of the extruded flour ranged from 5.45% to 9.45%. Moisture content decreased 
significantly (p < 0.001) when extrusion temperature increases. The decrease in moisture content was mainly dependent 
on the extrusion temperature. This is in agreement with Nahemia et al.’s work [27] who found that the moisture content 
of extruded flour from broken rice and cowpea blends was highly dependent on the barrel temperature. However, when 
the proportion of cassava leaf flour in the composite and feed moisture was increased, the moisture content increased 
significantly (p < 0.001). This might be due to the hygroscopic nature of cassava leaf flour contributing to the increase 
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in moisture content [38]. The moisture content of the extruded flour was explained by 99.19% by the model (Table 5). 
The optimum moisture content of maize-cassava leaf composite extruded flour was about 7% with a desirability of 
99.3% as shown in Table 7 and Figure 3, respectively. Moisture content is very important parameter to influence shelf 
life of the extruded product. Higher moisture content of the extruded product above 14% would require further drying 
[39]. This is due to the fact that products having higher moisture content could have a possibility of high water activity 
which enhances microbial activity leading to spoilage. The range of moisture content in the present study is within the 
recommended limit for extruded flour to have a prolonged shelf life [40]. 

Protein content of the extruded flour increased significantly (p < 0.001) from 11.45% to 20.1% when the proportion 
of cassava leaf flour in the composite increased up to 15%. The lowest value (11.45%) was recorded for the control 
sample. The protein content decreased significantly (p < 0.001) when extrusion temperature increases. The increase in 
protein content in the present study was much more dependent on the level of cassava leaf flour proportion in the com-
posite. The response surface plots (Figure 1a and Figure 1b) showed that an increase in feed composition caused an 
increase in protein content. However, as the extrusion temperature increased, the protein content of the extruded flour 
decreases. This might be due to the occurrence of protein denaturation during extrusion [41]. The response surface plot 
(Figure 1c) revealed that increase in feed moisture also caused a reduction in protein content of the extruded flour 
though it was not significant (p > 0.05). About 99% of the variation in protein content of the extruded flour could be 
linked to the extrusion cooking variables based on its R2 value of 0.9913 (Table 5). The optimum protein content of 
maize-cassava leaf composite extruded flour was 16% with a desirability of 100% as indicated in Table 7 and Figure 3, 
respectively. The recommended protein requirement for complementary foods to combat protein energy malnutrition is 
15% suggesting the adequacy of protein in the products [39] and this is in agreement with the current finding. 

Fat content of the extruded flour ranged from 2.06% to 2.32%. A highly significant (p < 0.001) reduction in fat con-
tent was observed when feed composition increases. It is also decreased significantly (p < 0.01) when extrusion tem-
perature increases. This might be due to formation of lipid starch complexes during extrusion cooking resulting in the 
crude fat content to decrease [13] [42]. The reduction in fat content in the present study is in agreement with Asare et al. 
[390] who observed similar decrease in fat contents during extrusion of sorghum and cowpea blends. About 99% of the 
variation in fat content of the extruded flour could be linked to the extrusion cooking variables based on its R2 value of 
0.9886 (Table 5). The optimum fat content of maize-cassava leaf composite extruded flour was 2.39% with a desirabil-
ity of 99.99% as indicated in Table 7 and Figure 3, respectively. Low fat foods are good for shelf life stability because 
they are less prone to rancidity during storage.  

Fiber contents in the extruded flour ranged from 1.24% to 3.32%. Increase in feed composition caused a significant 
(p < 0.001) increase in crude fiber contents of the extruded flour. However, increase in extrusion temperature caused a 
significant (p < 0.001) decrease in fiber content. This might be due to high loss of the insoluble fiber that can occur at 
higher extrusion temperature and feed moisture [35]. The decrease in fiber content in the current study is in agreement 
with the findings of Rinaldi et al. [43] who observed a reduction of 25.5% of insoluble fiber during extrusion of wheat 
extrudates enriched with wet okara (the residue left after soymilk production). About 99% of the variation in fiber con-
tent of the extruded flour could be linked to the extrusion cooking variables based on its R2 value of 0.9875 (Table 5). 
The optimum fiber content of maize-cassava leaf composite extruded flour was about 2% with a desirability of 100% as 
indicated in Table 7 and Figure 3, respectively. Children requires less fiber, ranging from 19 g/day for 1 to 3 years to 31 
g/day for 9 to 13 years [44].  

The ash content is an indication of the mineral contents of the extruded flour. The total ash in the present study 
ranged from 2.11% to 5.07%. A significant (p < 0.001) increase in ash content was noted when feed composition in-
creased. It was also observed that ash content increased significantly (P < 0.05) when feed moisture increases. The 
variation in ash content was majorly attributed to the feed composition. Minerals are generally stable since extrusion 
temperature is not expected to cause a significant change in their composition [39]. The present result is in line with the 
finding of Gbenyi et al. [39]. About 98% of the variation in ash content of the extruded flour could be linked to the ex-
trusion cooking variables based on its R2 value of 0.9774 (Table 5). The optimum ash content of maize-cassava leaf 
composite extruded flour was about 4% with a desirability of 100% as indicated in Table 7 and Figure 3, respectively. 

The carbohydrate content of the extruded flour ranged from 64.93% to 74.22%. The carbohydrate content of the ex-
truded flour significantly (p < 0.001) decreased as the amount of cassava leaf flour proportion and feed moisture in-
creased. This could be due to the low amount of carbohydrate in cassava leaf flour which tends to lower the overall 
carbohydrate content of the extruded flour. However, the extrusion temperature had a significant (p < 0.001) effect on 
the carbohydrate content of the extruded flour. This might be due to starch gelatinization that could initiate the starch 
granules to swell and increase the available sugars [35]. The carbohydrate content of the extruded flour was explained 
by 99.36% by the model (Table 5). The optimum carbohydrate content of maize-cassava leaf composite extruded flour 
was about 72% with a desirability of 100% as indicated in Table 7 and Figure 3, respectively. 

The energy value of the extruded flour varied from 354.72 to 382.25 kcal/100g. An increase in feed composition re-
sulted in a significant (p < 0.001) decrease in energy value of the extruded product in the present study. This indicates 
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that the higher maize flour proportion in the composite can provide more energy value than cassava leaf flour propor-
tion. The energy value of the extruded flour was explained by 99.34% by the model (Table 5). The optimum energy 
value of maize-cassava leaf composite extruded flour was 372.793 kcal/100g with a desirability of 100% as indicated in 
Table 7 and Figure 3, respectively. 

Essential amino acid profiles of maize-cassava leaf composite extruded instant flour were significantly (p < 0.001) 
improved as a result of cassava leaf flour proportion increment in the composite. However, extrusion temperature 
caused a significant (P < 0.01) reduction in all essential amino acids (Table 6). Increase in extrusion temperature re-
duced the lysine content of the extruded flour in the present study (Figure 2a, Figure 2b). This might be due to occur-
rence of Maillard reaction at higher temperature during extrusion leading to losses of the amino acids [45]. Figure 2c 
shows the interactive effect of feed composition and feed moisture on lysine content. The increase in feed moisture re-
sulted in a significant (p < 0.01) increase in lysine content of the extruded flour. This finding is in line with Ilo and 
Berghofer [46] who observed that feed moisture had a protective effect on the amino acid loss during extrusion cooking.   

Lysine is the most limiting and heat labile amino acid in cereals and cereal-based products. Therefore, mild extrusion 
conditions (high feed moisture, low residence time and low temperature) are important to improve the nutritional qual-
ity of the extruded products, whereas high barrel temperature (> 200oC), low moisture (<15%) and improper formula-
tion (presence of high fat and reactive sugars) can affect the nutritional quality adversely [47].  

5. Conclusion 
Based on the findings of this study, it is possible to obtain protein enriched instant porridge flour from maize-cassava 

leaf composites using extrusion cooking. Therefore, extrusion cooking can be used effectively for production of 
maize-cassava leaf composite instant porridge flour that has enhanced nutritional quality. Increasing extrusion tempera-
ture leads to a decrease in protein content and essential amino acid profiles of the extruded flour. However, the increas-
ing level of cassava leaf proportion in the composite had a positive effect on the protein and essential amino acid con-
tents of the extruded flour. The optimum value of protein after optimization in the present study was 16%. Therefore, 
100 grams serving of maize-cassava leaf extruded porridge can provide 47% of the recommended daily allowance of 
protein (34 g/day) for children up to 12 years old with enhanced nutritional quality. 
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