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Abstract

Sorghum and cowpea flour mixes (90:10, 80:20 and 70:30 ratios
respectively) were extruded at 20%, 22.5% and 25% moisture levels
and 120 °C, 140 °C and 160 °C barrel temperatures using a single-
screw extruder. A central composite face-centered design was used
fo study the effects of feed composition, feed moisture and extrusion
temperature on the proximate composition and essential amino
acids of the extrudates. Results obtained showed that the energy,
carbohydrate, protein, moisture, fat, ash and crude fibre content of
the extrudates increased from 363.63 to 379.15 kcal, 70.19 to 77.55%,
13.20% to 17.80, 5.50 to 7.90%, 1.55 to 1.75% and 1.60 to 2.80% and
2.10 to 2.72% respectively. Lysine content of the extrudates increased
from 5.46 to 7.27 g/100 g, while methionine ranged from 1.05 to 1.85
g/100 g. There was significant (p<0.01) increase in the protein and
amino acid contents of the extrudates due to supplementation with
cowpea flour. Both the protein content and all the essential amino
acids of extrudate samples were in sufficient amounts to meet the
requirements for adults and children of 10 fo 12 years of age. The
coefficients of determination (R?) were 0.91, 0.96, 0.99, 0.87, 0.85, 0.84
and 0.99 for the energy, carbohydrate, protein, moisture, fat, ash and
crude fibre content of the extrudates respectively. There was non-
significant lack of fit. The R? values ranged from 0.83 to 0.96 for essential
amino acids. Feed composition had the most effect on the various
responses followed by barrel temperature. The model equations could
be used to predict the proximate composition and essential amino
acid profile of the extrudates.

Introduction

Protein Calorie Malnutrition (PCM) is believed to be the primary
nutritional problem in most developing countries of the world [1]
including Nigeria. Legumes are rich sources of protein and the
essential amino acid lysine, but are usually deficient in sulphur-
containing amino acids, methionine and cysteine. On the other hand,
cereal grains contain lower amounts of proteins which are deficient
in lysine but have sufficient amounts of sulphur containing amino
acids [2]. It is therefore reasonable that legume seed grain proteins
are the ideal supplement to cereal grain protein in producing an
overall essential amino acid balance [3,4]. Pulses are cheaper sources
of protein in developing countries, when compared to animal protein
[5]. The protein in cowpea seed is rich in the amino acids, lysine and
tryptophan; it is deficient in methionine and cysteine when compared
to animal proteins. This is why cowpea seed is valued as a nutritional
supplement to cereals and an extender of animal proteins [6].

FAO reports [7] showed that Nigeria is the highest producer of
cowpea with 2,920,000 tons followed by Niger with 1,100,000 tons,
while Mali places third position with 100,000 tons. Cowpea yield and
production by states in Nigeria has been reported by Nkama et al. and

Open Access Research Article

(§ Journal of
Food Processing &
Beverages

David lordehiin Gbenyi", Iro Nkama?, Mamudu
Halidu Badau® and Paul Yahaya Idakwo?

!Department of Food Science and Technology, Federal Polytechnic
Mubi,Adamawa State, Nigeria

’Department of Food Science and Technology, University of Nigeria,
Nsukka, Nigeria

3Department of Food Science and Technology, University of
Maiduguri, Maiduguri, Nigeria

*Address for Correspondence

David lordehiin Gbenyi, Department of Food Science and Technology,
Federal Polytechnic, P.M.B. 35, Mubi, Adamawa State, Nigeria, Tel:
+2348155667699; E-mail: digbenyi@yahoo.com

Submission: 01 July, 2016

Accepted: 27 July, 2016

Published: 01 August, 2016

Copyright: © 2016 Gbenyi DI, et al. This is an open access article
distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

IITA [8,9]. The grain is valued for its flavor and short cooking time
and can be used in a wide variety of ways principally as a nutritious
component in human diet.

Nigeria is also the largest producer of sorghum in Africa and
second largest the world over [10]. Unfortunately, sorghum is
consumed largely in the rural areas where it is produced [11]. The
constraint on sorghum utilization has been the lack of processed
foods such as flour, meal, breads, or convenience food products for
use by the working class who cannot devote hours making flour from
the raw grain. The development of a sorghum-based food processing
industry would do a lot to offset Africa’s shift in demand towards
imported rice and wheat [11]. Research has shown that sorghum
grain can be parboiled to create a fast-cooking, convenience food,
just as has been done with rice. In Botswana, sorghum meal is already
commercially available [11]. Several reports [12-14] have also shown
that complementation could be achieved by mixing legumes and
cereals, which are in sufficient supply in the tropics and Sub-Saharan
Africa.

Presently, there is a challenge in the food process industry to
develop convenience foods such as breakfast cereals and snacks of high
nutritional value that will adequately meet the needs of the working
population in developing countries using local raw materials. One
such versatile and efficient technology that finds application in the
production of convenience foods is extrusion cooking [15]. Extrusion
cooking is preferable over other food processing methods because
it is a high temperature short time (HTST) process which preserves
important nutrients, denatures antinutritional components of foods
(trypsin inhibitors, tannins and phytates), disinfects the final product
and maintains normal colours and flavours of the food [16,17]. The
main purpose of extrusion is to increase variety of foods in the diet
by producing a range of products with different shapes, textures,
colours, and flavours from basic ingredients [18].

The one-variable-at-a-time method of experimentation is
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inappropriate in many circumstances [19-21]. Response surface
methodology is useful in particular situations such as extrusion
cooking, where several input variables potentially influence some
performance measure or quality characteristic of the process. There
is considerable practical experience indicating that second-order
models work well in solving problems such as encountered in
extrusion cooking [22]. The objective of this work was to assess the
effect of cowpea substitution, feed moisture and barrel temperature
on the proximate composition, and essential amino acids profile of
sorghum-cowpea extrudates.

Materials and Methods
Procurement of raw materials

The red sorghum variety (Chakalari red), was obtained from
Maiduguri Monday market. Cowpea (var kananede) was obtained
from the Mubi main market, Adamawa State, Nigeria.

Preparation of sorghum flour

About 15 kg of sorghum grains were cleaned using a laboratory
aspirator (Vegvari Ferenc Type OB125, Hungary) to remove stalks,
chaff, leaves and other foreign matter. They were then washed with
treated tap water in plastic basins and sun dried on mats for 2 days
(at 38 °C and relative humidity of 27.58%) to 12% moisture. This
was then dehulled using a commercial rice dehuller (Konching 1115,
China) and milled using an attrition mill (Imex GX 160, Japan).
The flour was sieved to pass mesh number 25 [22] before packing in
polythene bags for further use.

Preparation of cowpea flour

About 3 kg of cowpea was soaked in water for 10 min to loosen
the seed coat. The kernels were then cracked in a mortar with pestle.
The seed coat was washed off in excess water. The beans were oven
dried (Model: Chirana HS 201A, Hungary) at 80 °C to 12% moisture
content and milled into flour (Imex GX 160, Japan) which was sieved
to pass mesh number 25 [23] before packing in polythene bags for
further use.

Blending of sorghum flour with cowpea flour and moisture
adjustment

Sorghum flour was blended with cowpea flour in varying
proportions (10%, 20% and 30% cowpea flour). The total moisture
content of the blends was adjusted to the desired level according to
Zasypkin and Tung-Ching [24]. The blends were then mixed using a
laboratory mixer and the moisture allowed to equilibrate.

Extrusion of sorghum and cowpea blends

Extrusion cooking was done in a single-screw extruder (Model:
Brabender Duisburg DCE-330), equipped with a variable speed
DC drive unit and strain gauge type torque meter. The extruder
was fed manually through a screw operated conical hopper using a
plastic bowl. The hopper which is mounted vertically above the end
of the extruder is equipped with a screw rotated at variable speed.
Experimental samples were collected when steady state (constant
torque and temperature) was achieved. Variables considered were feed
composition, feed moisture content and temperature of extrusion.
Extrudates were kept on stainless steel work benches overnight to dry.

They were then packaged in polythene bags prior to analysis.
Proximate composition

Moisture and crude fibre determination were carried out using
the direct hot air oven method [25]. Crude fat was determined by
the Soxhlet method (Egan et al.) [26]. The Micro-Kjeldahl method
described by Egan et al. was used to determine the crude protein
content of samples [26]. The total ash content of samples was
determined by the AOAC method [25]. Total carbohydrate was
determined by subtracting the known amounts of moisture, crude
fat, crude protein and ash from 100. The difference was reported as
the per cent carbohydrate [26]. Calorific values of the extrudates were
estimated using the Atwater factors of 4 for carbohydrate and protein,
and 9 for crude fat [27].

Amino acid analysis

The amino acid profile of the samples was determined using
methods described by Benitez [28]. The known sample was dried

Table 1: Process variables and their levels used in the central Composite Face
Centered Design (CCFC).

Independent variable Code -1 0 +1
Feed composition (%) X, 10 20 30
Feed moisture (%) X, 20 225 25
Barrel temperature (°C) X, 120 140 160

Table 2: Central Composite Face Centered (CCFC) design matrix and the
independent variables in their coded and natural forms.

Experimental Cowpea flour (%); Feed Moisture temeZr:aetlure
Runs X, (%); X, (°C); X,
1 10 (-1) 20 (-1) 120 (-1)
2 30 (+1) 20 (-1) 120 (-1)
3 10 (-1) 25 (+1) 120 (-1)
4 30 (+1) 25 (+1) 120 (-1)
5 10 (-1) 20 (-1) 160 (+1)
6 30 (+1) 20 (-1) 160 (+1)
7 10 (-1) 25 (+1) 160 (+1)
8 30 (+1) 25 (+1) 160 (+1)
9 10 (-1) 225 (0) 140 (0)
10 30 (+1) 225 (0) 140 (0)
1 20 (0) 20 (-1) 140 (0)
12 20 (0) 25 (+1) 140 (0)
13 20 (0) 22.5 (0) 120 (-1)
14 20 (0) 22.5 (0) 160 (+1)
15 20 (0) 22.5 (0) 140 (0)
16 20 (0) 22.5 (0) 140 (0)
17 20 (0) 22.5 (0) 140 (0)
18 20 (0) 22.5 (0) 140 (0)
19 20 (0) 22.5 (0) 140 (0)
20 20 (0) 22.5 (0) 140 (0)

CF: Cowpea Flour; FM: Feed Moisture; BT: Barrel Temperature
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Table 3: Proximate composition of sorghum- cowpea extrudates (%).

Runs CF:FM:BT 'i:i;?)y CHO Protein Moisture (;;:': Ash c;‘;'e
1 10:20:120 379.08 77.99 13.29 5.50 212 1.60 1.62
2 30:20:120 375.87 71.32 17.63 7.50 2.64 2.00 1.55
3 10:25:120 363.62 76.50 13.15 6.70 2.23 2.00 1.65
4 30:25:120 372.47 73.62 17.63 5.20 2.72 2.00 1.55
5 10:20:160 379.15 7755 13.30 5.40 2.10 2.00 1.75
6 30:20:160 370.03 70.91 17.80 7.20 2.64 2.40 1.69
7 10:25:160 370.53 75.68 13.29 6.90 2.20 2.50 1.63
8 30:25:160 370.08 71.01 17.69 7.40 2.60 2.20 1.62
9 10:22.5:140 370.63 75.39 13.20 7.70 2.20 2.20 1.71
10 30:22.5:140 374.71 70.19 17.58 7.90 2.72 2.80 1.62
11 20:20:140 376.71 75.12 15.05 6.30 2.36 2.00 1.63
12 20:25:140 370.65 74.46 15.09 7.00 2.35 1.90 1.55
13 20:22.5:120 374.65 75.04 15.09 6.30 2.37 2.00 1.57
14 20:22.5:160 376.95 75.46 15.11 5.70 2.35 2.10 1.63
15 20:22.5:140 375.30 74.06 15.14 6.90 2.35 2.30 1.60
16 20:22.5:140 365.29 75.40 15.21 5.80 2.39 2.00 1.66
17 20:22.5:140 374.00 74.15 15.11 6.70 2.39 2.30 1.65
18 20:22.5:140 374.00 74.57 15.15 6.70 2.37 2.00 1.68
19 20:22.5:140 373.05 74.46 15.09 6.80 2.37 2.00 1.65
20 20:22.5:140 376.53 75.37 15.10 6.70 2.38 2.00 1.65

CF: Cowpea Flour; FM: Feed Moisture; BT: Barrel Temperature

to constant weight, defatted, hydrolyzed, evaporated in a rotary
evaporator and loaded into the Technicion Sequential Multi-Sample
Amino Acid Analyzer (TSM) (Model: DNA 0209).

Experimental design

A central composite face-centered (CCFC) non-rotatable design
with three independent variables: Feed composition (%), feed
moisture (%) and extruder barrel temperature (°C) at three levels of
-1,0and +1 for each variable [29,30] was used to predict the optimum
processing conditions for the extrusion of the breakfast cereals (Table
1). The feed which was made up of sorghum and cowpea flours was
blended in the ratios of 10, 20 and 30% cowpea to sorghum flour
respectively. Extrusion runs were performed as presented in (Table
2). The levels of the various independent variables were arrived
at after preliminary extrusion runs. The Central Composite Face-
Centered Design used in this work was produced using MINITAB
14 [31] statistical software. The design was made up of 8 cube points,
6 centre points in the cube and 6 axial points giving a total of 20
design points. The general second-order equation was used in the
experimental design of this work thus:

X X

1277172

Y=b +bX +bX, +bX, +b (X)+b,(X,)’+b, (X)) +b
+b XX, + b, XX +e... (1)

23772773

where X, X, and X,are feed composition, feed moisture and barrel
temperature, respectively; b_ is the regression constant; b , b,and b,
are linear regression terms; b, , b,, and b,, are quadratic regression
terms; b ,, b, and b,, are the cross-product regression terms; ¢ is the
error term.

Statistical analysis

Multiple regression analysis and analysis of variance were used to
assess the adequacy of the second-order model equation in predicting
the effects of the independent variables on the product responses.
Numerical optimization and interactive graphs were used to obtain
optimum values for the responses and the input variables [31].
MINITAB Version 14 statistical analysis software was used in the
statistical analysis of data.

Results and Discussion
Proximate composition of sorghum-cowpea extrudates

The proximate analysis of sorghum-cowpea extrudates is
presented in Table 3. The energy (calorific) values of the extrudates
varied from 370.03 to 379.15kcal. Calorific values were estimated using
the Atwater factors of 4 for carbohydrate and protein and 9 for crude
fat. The carbohydrate content of the samples ranged from 71.01% to
77.99%. There was significant (p<0.05) difference in the carbohydrate
content of the extrudates. The carbohydrate content of extrudates
decreased as the amount of cowpea flour in the feed increased. Filli et
al. and Danbaba et al. made similar observations when cowpea flour
was supplemented with millet in the production of extruded fura
and broken rice in the production of instant porridge respectively
[12,32]. This could be due to the lower amount of carbohydrate in
cowpea which tends to lower the overall carbohydrate content of the
extrudate blends. The amount of carbohydrate is an indication of the
energy stores of the food product, which is in this case adequate for
both adults and children. The moisture content of the samples ranged
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Table 4: Essential amino acid profile of sorghum-cowpea extrudates (g/100g).

Runs CF:FM:BT Iso Leu Lys Met Phe Thre Val Cys
1 10:20:120 4.03 6.97 6.26 1.64 5.09 3.74 5.07 1.65
2 30:20:120 4.73 7.75 6.71 1.74 5.57 3.85 5.71 1.89
3 10:25:120 4.06 6.86 6.23 1.64 5.03 3.69 5.15 1.62
4 30:25:120 4.69 7.66 6.68 1.78 5.59 3.93 5.72 1.86
5 10:20:160 3.57 6.27 5.47 1.05 4.07 2.68 3.76 1.20
6 30:20:160 4.15 7.60 7.27 1.73 5.42 4.25 5.53 1.96
7 10:25:160 3.57 6.28 5.46 1.03 4.07 2.67 3.76 1.69
8 30:25:160 4.25 7.57 7.27 1.85 5.59 4.26 5.70 2.04
9 10:22.5:140 3.78 6.64 5.63 1.33 4.84 3.03 4.15 1.19
10 30:22.5:140 4.92 7.29 6.49 1.50 5.00 3.70 5.21 1.53
11 20:20:140 3.90 6.86 5.99 1.36 5.00 3.53 4.36 1.31
12 20:25:140 4.00 6.88 5.98 1.37 4.93 3.51 4.37 1.32
13 20:22.5:120 4.56 713 6.53 1.68 5.43 3.82 5.65 1.73
14 20:22.5:160 3.62 6.40 5.58 1.29 4.07 2.81 3.90 1.27
15 20:22.5:140 3.95 6.87 6.00 1.36 4.99 3.61 4.37 1.32
16 20:22.5:140 4.00 6.87 6.00 1.36 4.99 3.61 4.37 1.31
17 20:22.5:140 3.95 6.87 6.00 1.36 4.97 3.62 4.37 1.30
18 20:22.5:140 4.00 6.87 6.00 1.37 4.98 3.61 4.37 1.31
19 20:22.5:140 3.95 6.87 5.99 1.36 4.99 3.61 4.37 1.31
20 20:22.5:140 3.85 6.88 6.00 1.36 4.99 3.61 4.37 1.31
;’:Sm';%m 2.80 4.40 4.40 1.30 1.00 2.80 2.50 -

Key: Iso: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Phe: Phenylalanine; Threo: Threonine; Val: Valine; Cyst: Cysteine; CF: Cowpea Flour; FM: Feed
Moisture; BT: Barrel Temperature.

Table 5: Regression coefficients of proximate composition of sorghum-cowpea extrudates.

Coefficient Energy CHO Protein Moisture Fat Ash Crude fibre
Linear

b, 471.881 144.729 13.986 -45.924 -1.667 -15.7257 -2.757

b, -0.199 -0.124 0.0808* 0.0634 -0.045* 0.0945 0.0182

b, 0.127 -2.785 -0.0329 1.5484 0.348* 1.1508* 0.271**

b, -1.173 -0.470 -0.0224 0.4761** -0.004* 0.0428 0.023*
Quadratic

b, -0.020 -0.016** 0.0032** 0.0087** 0.0004* 0.0016* 0.001**

b,, -0.159 0.068 0.0003 -0.0444 -0.0069 -0.0218* 0.005

b3 0.003 0.002* 0.0001 -0.0023** _ -0.0001 0.0001
Interaction

b,, -0.104** 0.029** 0.0002 -0.024** 0.0005 0.0055** 0.001**

b, -0.01** -0.001 . 0.0011 . -0.0002 -

b, 0.026** -0.006 - 0.007** -0.001* -0.0002 -0.0003

R? 0.909 0.960 0.999 0.866 0.852 0.836 0.992
Adjusted R? 0.827 0.925 0.999 0.746 0.718 0.688 0.984

Lack of Fit NS NS NS * NS NS NS

Y:b, + b X, +Db,X,+ b X, + b, (X)?+b, (X,)* + b, (X, +b,, X, X, +b X X,+b, X X, +¢ X:Feed composition; X,: Feed moisture; X,: Barrel temperature; *

Significant at p<0.05, and **p<0.01 respectively, NS: Not significant.
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Table 6: Regression coefficients of essential amino acids of sorghum-cowpea extrudates.

Coefficient Lys Thre Met
Linear

b, 28.230 18.509 12.300
b, -0.255* -0.217* -0.136**
b, -0.744 -1.084 -0.106
b, -0.163 -0.003 -0.116**
Quadratic

b, 0.003 - 0.001
b, 0.016 0.024 0.002
by, - - -
Interaction

b,, - 0.001 0.001
b, 0.002 0.002 0.001
b,, - -0.001 -

R? 0.929 0.896 0.964
Adjusted R? 0.865 0.802 0.932
Lack of Fit * * *

Y =b, +b,X, + b,X,+ b.X, + by (X, + b,y (X2 + by (X2 + b, X, X, + b X X+ by X X+ € ;

232" 73

12771772 1371773

Val Iso Leu P/ala
34.804 2.135 18.469 20.713
-0.204 0.113* -0.114 -0.219
-0.175 0.489 -0.731 -1.120
-0.370* -0.053 -0.027 0.006
0.003* 0.0004 0.002* 0.001
0.001 -0.0071 0.015 0.021
0.001* 0.0002 - -
-0.002 -0.002 - 0.002
0.0013 - 0.001 0.001
0.0014 -0.001 0.0004 0.001
0.931 0.962 0.958 0.835
0.870 0.928 0.990 0.687

*

X, = Feed composition, X,: Feed moisture, X,: Barrel temperature;

Significant at p<0.05, and **p<0.01 respectively, ns: Not significant. Key: Iso: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Phe: phenylalanine; Threo:

Threonine; Val: Valine

from 5.20 to 7.70%. There was a significant (p<0.05) difference in the
moisture content of the extrudates. Moisture content is very critical to
shelf-life of food products. Higher moisture levels (that is greater than
14%) would require further processing to improve shelf stability. This
is explained by the higher water activity at these moisture levels [15].
The moisture levels of the extrudates in this report were within safe
limits (below 14%) for storage. The protein content of the extrudates
increased from 13.15% to 17.80%. There was significant (p<0.05)
increase in protein content of extrudates as the amount of cowpea
flour was increased in the feed. Filli et al. and Danbaba et al. similarly
reported increased protein content for millet-cowpea and rice-cowpea
extrudates respectively [12,32]. Olapade and Aworh observed that
blends of fonio and cowpea flours produced good complementary
foods in terms of proximate composition especially protein content
which increased with increased amount of cowpea in the blend [33].
The optimum protein content of the extrudates in this work was
15.46% at 20% cowpea, 20% feed moisture and barrel temperature of
120 °C. The recommended protein requirement for complementary
foods to combat protein malnutrition is 15% suggesting the adequacy
of protein in the products. Protein requirement is the amount of
protein or its constituent amino acids, or both that must be supplied in
the diet in order to satisfy the metabolic demand and achieve nitrogen
equilibrium. The requirements will in most cases be greater than the
metabolic demand because of the factors associated with digestion and
absorption, which influence the digestibility and consequent amount
of nitrogen lost in the feaces [34]. The crude fat content of the samples
was very low and ranged from 1.55% to 1.75%. There was significant
(p<0.05) reduction in the crude fat content of the extrudates as the
amount of cowpea flour in the feed was increased. Sorghum is richer
in crude fat than cowpea thus; supplementation with cowpea may be
responsible for this reduction. This is in agreement with Anuonye et

al., Filli et al. and Danbaba et al. who observed similar decreases in
fat content when soybean and cowpea were blended with acha, millet
and rice respectively prior to extrusion on a single screw extruder
[12,32,35]. This is lower than the recommended daily fat intake of
20 to 35% [36] however consumption of fat from other sources will
make up for this difference. Low fat foods preserve better since they
are less prone to rancidity in storage. Dietary fats are important for
maintaining good health. Other than supplying energy, they carry
fat soluble vitamins in the diet, are structural bodily components,
and are involved in vital physiological processes, including growth,
development, inflammation and brain function [37]. The ash content
is an indication of the mineral content of the samples. Per cent ash
for the samples ranged from 1.60 to 2.54%. There was significant
(p<0.05) variation in the ash content of the samples. This may be due
to the variation in the feed composition. Minerals are generally stable
since extrusion temperature and feed moisture are not expected to
cause a significant change in their composition. The per cent crude
fibre for the extrudates ranged from 2.10 to 2.72%. Dietary fibre
includes polysaccharides, oligosaccharides, lignin, and associated
plant substances. Dietary fibre promotes beneficial physiologic effects
including laxation, and/or blood cholesterol attenuation, and/or
blood glucose attenuation [38]. The most notable response to diets
providing very low levels of fibre intake is an increase in constipation.
However, several negative physiological responses occur in individuals
who consume low levels of dietary fibre over time, particularly an
increased risk for coronary heart disease [39]. Adults (19 to 50 years)
require 38 g/day for males and 25 g/day for females. Children require
less fibre, ranging from 19 g/day for 1 to 3 years to 31 g/day for 9 to
13 years [39]. The breakfast cereals in this report were low in crude
fibre. This is ideal for growing children. Adults will however have to
eat foods from other sources that are richer in fibre.
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Table 7: Optimization of proximate composition and essential amino acid
content of sorghum-cowpea extrudates.

Proximate Cowpea Feed Extrusion

Composition (%) flour (%) moisture (%) Temp. (°C) Optimum
Energy (kcal/g) 12.62 23.35 136.03 372.45
Carbohydrate 26.0 20 120 74.26
Protein 20.2 20 120 15.46
Moisture 12.5 20 120 6.58
Fat 17.5 20.8 120 1.60
Ash ND ND ND ND
Essential amino acids

(g/100g)

Isoleucine 12.5 20 120 4.07
Leucine 22 20 120 7.08
Lysine 20 21 124 6.33
Methionine 28 20 120 1.64
P/alanine 25 21 120 5.28
Threonine 24 20 120 3.81
Valine 30 20 122 5.14

ND: Not Determined

Essential amino acid profile of the sorghum-cowpea
extrudates

The essential amino acid profile of sorghum-cowpea extrudates is
presented in Table 4. Lysine varied from 5.46 to 7.27 g/100 g, while
methionine ranged from 1.03 to 1.85 g/100 g. There was a significant
(p<0.05) increase in lysine, methionine and all the other essential
amino acids as a result of supplementation with cowpea flour. Filli et
al. reported similar improvements when extruded fura was produced
from millet-cowpea flour composites [32]. Lysine and methionine
are the most limiting essential amino acids in legume-cereal-based
products [40], which are the majority of extruded products. Lysine
is however, heat labile thus, a focus on lysine retention during the
extrusion process is of particular importance. Paes and Maga,
Anuonye et al. and Anuonye et al. have variously reported depletion
of some amino acids as a result of extrusion cooking [35,41,42].
Singh et al. however posited that mild extrusion conditions (high
moisture content, low residence time, low temperature) improve
the nutritional quality, while high extrusion temperature (=200 °C),
low moisture (<15%) and/or improper formulation (e.g. presence of
high-reactive sugars) can impair nutritional quality adversely [40]. In
order to keep lysine losses within an acceptable range, it is necessary
to avoid extrusion cooking above 180 °C at feed moisture below 15%,
and/or avoid the presence of reducing sugars during the extrusion
process [40]. The highest barrel temperature in this work was 160 °C,
lowest feed moisture employed was 20% while the screw speed was
kept constant at 200 rpm suggesting that all the extrusion conditions
employed were mild enough to protect lysine and other fragile amino
acids. All the essential amino acids of extrudates were in sufficient
quantities [43] for children of 10 to 12 years of age. Amino acids
are the building blocks of proteins. Animals cannot synthesize the
amino group (NH,), so in order to obtain the amino acids necessary
for protein synthesis; they must eat plants or other animals [44].
Cereals are generally believed to complement legumes in providing

amino acids balance in the diet. The breakfast cereals produced in
this work could be incorporated in the feeding regimes of primary
and secondary schools, and internally displaced peoples’ camps
(or refugee camps) to improve the nutritional status of (growing)
children in Nigeria.

Model description and validation

The regression coefficients for the proximate composition of
sorghum-cowpea extrudates are presented in Table 5. All the responses
except energy were significantly (p<0.01) influenced by the quadratic
effects of feed composition. The energy, carbohydrate, moisture
and ash were significantly (p<0.05) influenced by the interaction
effects of feed composition and extrusion temperature. The protein
content was significantly (p<0.05) influenced by the linear effect of
feed composition and the quadratic effect of feed composition and
barrel temperature. The coefficients of determination were 0.91,
0.96, 0.99, 0.87, 0.85, 0.84 and 0.99 for the energy, carbohydrate,
protein, moisture, fat, ash and crude fibre content of the extrudates
respectively. For a good fit the coefficient of determination should
not be less than 0.8. Coefficient of determination provides a measure
of how well observed outcomes are replicated by the model, based
on the proportion of total variation of outcomes explained by the
model. It gives information about the goodness of fit of a model by
providing information on how well the regression line approximates
the real data points. Because values of R? tend to increase as the
number of variables increase, adjusted R? is included in the validation
process. The explanation of this statistic is almost the same as R?
but it penalizes the statistic as extra variables are included in the
model [45,46]. Values of adjusted R? were high for all the responses
(Table 5). Except for moisture, there was no significant lack of fit for
all the responses. These therefore suggest that the model equation
was adequate in describing the proximate composition of the
sorghum-cowpea extrudates. Among the independent variables, feed
composition had the most effect followed by extrusion temperature.
Feed moisture had the least effect on the proximate composition of
sorghum-cowpea extrudates.

The regression coefficients for the essential amino acids of
sorghum-cowpea extrudates are presented in Table 6. The lysine,
threonine, methionine and isoleucine content of the extrudates
were significantly (p<0.05) influenced by the linear effect of feed
composition. Valine and leucine were significantly affected by the
quadratic effect of feed composition while methionine and valine
were significantly (p<0.01) influenced by the linear and quadratic
effects of extrusion temperature. Feed composition was observed
to have the most influence on the essential amino acids followed by
extrusion temperature. Feed moisture had no significant (p<0.05)
effect on any of the essential amino acids. The R* values ranged from
0.84 to 0.96 for all the essential amino acids. There was significant lack
of fit in all responses however; the high values of R* and adjusted R?
suggest that the model equation could be used to predict the essential
amino acid profile of the sorghum-cowpea extrudates.

Optimization

Numerical optimization and interactive graphs were used to
optimize the various input variables and responses. The factor levels
were adjusted from the interactive optimization plots until the
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highest desirability value possible (maximum is 100%) was obtained
for the particular response in question. The value of such response
variable at this point was considered the optimum. The optimum
values of response variables are presented in Table 7. Optimum value
for protein was 15.45% at feed composition of 20.2%, feed moisture
of 20% and barrel temperature of 120 °C. The optimum values for
lysine and methionine were 6.33 g/100 g at 20% cowpea flour, 21%
feed moisture extruded at 124 °C and 1.64 g/100 g at 28% cowpea
flour, 20% feed moisture, extruded at 120 °C respectively.

Conclusion

A breakfast cereal with improved protein content and satisfactory
amino acid profile was produced from extruded sorghum-cowpea
blends. The moisture content of the extrudates was low enough for the
extrudates to keep well in storage if properly packaged. The second-
order model was found appropriate in predicting the proximate
composition and essential amino acid profile of the sorghum-
cowpea extrudates. Feed composition had the most influence on the
proximate composition and the essential amino acids, followed by
feed moisture. All the essential amino acids and protein content of
extrudates were in sufficient quantities for growing children.
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