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EFFECTS OF EXTRUSION COOKING VARIABLES ON THE
PROXIMATE COMPOSITION OF EXTRUDED SNACKS
FROM BLENDS OF COCOYAM AND BAMBARA NUT

FLOURS

Abstract

Flour blends of cocoyam and Bambara groundnut were produced through extrusion cooking.
Response Surface Methodology (RSM) Central Composite Rotatable Design (CCRD) was adopted
for the formulations. Association of Analytical Chemist procedure was used to determine the
proximate composition. The main objective was to determine the effects of the processing variables;
feed blend composition (X,), barrel temperature (X,), and feed moisture content (Xs3), on Snacks and
the proximate composition (moisture, protein, lipids, fibre, ash, and carbohydrate) of the extrudate.
The analysis of variance (ANOVA) showed a significance (p< 0.05) of the models fitted in describing
the relationship between the input and output in its natural state. There was a non-significant lack—of—
fit test. The result of the moisture showed that the model X4, X,, (linear) X% Xz 2, (quadratic) were all
significant (P <0.05) while the interactive terms X,?, X,%, X5°, had an anta gonistic relationship at (P
<0.05). An upward increase in moisture at the linear and quadratic levels will positively affect the
product quality. Moisture content ranged between 2.65 to 4.02%, protein content ranged between
3.40 to 7.01%, the ash content ranged from 1.36mg/100g to 2.33mg/100g, the fibre content varied
between 0.18mgand100 to 1.94mg/100g, The ANOVA showed that the processing variables were
significant (P< 0.05).
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Introduction

Cocoyam (Colocasia escolenta) contributes a significant portion of the carbohydrate content of diets
in many developing countries in the form of edible starchy corms or cormels. Although it’s less critical
than other roots, crops such as yam, cassava and sweet potatoes are an essential staple in some
tropics and sub-tropics [1]. Cocoyam is rich in digestive starch, good quality protein, vitamin C,
thiamine, riboflavin, niacin and some scores of essential amino acids [2]; [3]. Generally, cocoyam is
poor in nutritional quality. Nutritionally cocoyam can be improved by blending with food materials rich
in lysine, a limiting amino acid in cocoyam. Its combination with legumes which are comparatively rich
in lysine can provide an ideal source of cheap and affordable dietary protein for Africa and developing
countries.

Bambara groundnut remains one of the less researched crops [4], with great nutritional potential.
Unfortunately, the Bambara groundnut has less attention in many parts of Africa because of the
development of other crops. In Northern Nigeria, most of the Bambara groundnut produced is
consumed locally; limited information on the industrial use of the crop has been reported.

The haulm is used for livestock feed, while the fresh pods are boiled and eaten as snacks. One of the
critical factors for its underutilization is the hard-to-cook (HTC) phenomenon, in addition to inadequate
processing techniques [5]. HTC in legumes is related to structural cell modifications (e.g., autolysis of
cytoplasm organelles and lignification’s of middle lamella) and changes in its composition (e.g.,
formation of insoluble pectate and interactions of proteins and phenolic compounds), which occur in
the cotyledons and seed coats [5]. Bambara groundnut contains sufficient amounts of nutrients such
as proteins, vitamins, and minerals. Bambara groundnut seeds supply an important source of crude
protein up to 24%, carbohydrates 63%, and fats 6.5%. Awolu et al., [6] reported that the protein
content composite flour of wheat and cocoyam improved with Bambara groundnut flour. The
significant characteristics to be considered when using flour as a blend are its availability, cultural
acceptance, and ability to provide nutritional requirements [7].

Starch-based snack foods are a typical example of extruded products. Studies on starch extrusion
have shown that two significant operations occur during this process-heating, in the presence of water
and shearing — impart structure to the final product through the transformation of starch granules by
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the mechanism of gelatinization [8]. It has been used in the cereal industry for several years to
produce many foods and food ingredients such as breakfast cereals, snack foods, baby foods, pasta
products, extruded bread, modified starches, beverages, powders, meat and cheese analogues,
textured vegetable protein, and blended foods such as corn starch and grounded meats [9]; [10]; [11];
[12]; [13]. It is a technology with high versatility and efficiency, low cost, high output per unit time, and
short reaction time, with relatively no waste generated [14].

This research is intended to study the effect of extrusion variables on the proximate composition of
shacks from composite flours of cocoyam and Bambara groundnut.

2. Materials and Methods
2.1 Source of Raw Materials

The cocoyam used in this study was obtained from Kafanchan in Jema, a Local Government Area of
Kaduna State, Nigeria. The variety was identified in Root Crop Research Institute Ahmadu Bello
University Samaru Zaria, while Bambara groundnut was purchased in Kaduna Central Market.

2.2 Cocoyam flour preparation

Cocoyam flour was manufactured using the procedure described by Oti and Okobundu [15] with slight
modifications. The corms were manually cleaned before removing the diseased corms, washed,
peeled, sliced, and blanched at 80°C for 4 min, and it was dried to 14% moisture content using hot air
oven and milled using a locally fabricated attrition mill and sieved with 150um laboratory sieve. (2%)
sulphite was added to inhibit enzymic browning.

2.3 Bambara groundnut flour preparation

The Bambara groundnut was soaked for 24h to facilitate dehulling. The seed grains were dehulled
using mortar and pestle. The dehulled kernels were washed to remove the skin oven-dried at 65 °C to
14% moisture content before winnowing to have clean dehulled seeds. The dried seeds were then
milled into flour using an attrition mill and sieved to pass through a 150um laboratory sieve (Xin-Hai
type). The samples were packaged in an air-tight plastic container at room temperature until needed.

2.4 Blend formulation and moisture adjustment

Fifteen (15) formulations were prepared to contain cocoyam and Bambara groundnut flours (wet
basis) ranging between 8- 29.45% based on the experimental layout (Table 1.) The samples were
conditioned to appropriate moisture content by spraying with a calculated amount of water, and the
cocoyam formulations were mixed continuously using Hobart laboratory mixer. The samples were put
in a closed container and kept overnight (32 + 20 0°.The samples were kept in a room temperature
equilibrate pending extrusion processing.

The amount of water used was calculated using the equation below.

_Mf-Mi)x Sw
100—-Mf

Where; Y = Amount of water to be added (ml)
Mf = Final moisture content
Mi = Initial moisture content

Sw = Sample weight (g)



Table 1 Composite flour obtained from the optimal mixture model of RSM

X1 X X3 X1 X X3
1 -1 -1 -1 30 100 8.00
2 1 -1 -1 50 100 8.00
3 -1 1 -1 30 140 8.00
4 1 1 -1 50 140 8.00
5 -1 -1 1 30 100 24.00
6 1 -1 1 50 100 24.00
7 -1 1 1 30 140 24.00
8 1 1 1 50 140 24.00
9 -1.682 O 0 23.18 120 16.00
10 1.682  0-1.682 0 56.82 120 16.00
11 0 1.682 0 40 86.36 16.00
12 0 0 0 40 153.63 16.00
13 0 0 -1.682 40 120 2.55
14 0 0 -1.682 40 120 29.45
15 0 0 0 40 120 16.00

X;,=feed composition, X,=barrel temperature, X;-feed moisture composition

2.5 Extrusion exercise

The blends were subjected to extrusion cooking. Feeds were manually introduced into extruder
through a screw operated conical hopper at a speed of 50rpm which ensures that the flight of the
screw was filled and avoiding accumulation of feed in the hopper using a single screw extruder
(Brabender, Duisburg DCE-330) equipped with a DC drive of variable speed and a strain gauge
torque meter. The screw geometry was at constant and is linearly tapered. The rehydrated samples
were then extruded and the extruded were cooled to room temperature and sealed in high density
polyethylene films for further analysis.

2.6 Proximate analysis of the of the extrudate

The Association of Official Analytical Chemists [16] methods of analysis was adopted to determine the
percentage of moisture, protein, crude fat, crude fibre, ash and the carbohydrate was determined by
difference in the extrudate.

Table 2 Effects of feeds compaosition(X;), barrel temperature(X,) feed moisture content (X,) on
the proximate composition of cocoyam - Bambara groundnut extrudate

EXP Ind. Variable in Proximate Analysis (%)
RU  their natural forms
N
Xy X2 Moisture Protein  Lipid  Fibre Ash Carboh.
X3)
1 30 100 8 2.65 3.40 1.03 194 1.36 89.61
2 50 100 8 3.63 5.99 096 187 233 85.22
3 30 140 8 3.24 551 0.96 1.75 154 87.02
4 50 140 8 3.29 5.96 097 176 154 86.48
5 30 100 24 4.02 6.25 1.01 181 154 85.37
6 50 100 24 3.96 6.57 093 179 159 85.46
7 30 140 24 3.48 6.68 098 178 1.59 85.57
8 50 140 24 3.91 6.63 1.01 183 159 85.04
9 2318 120 16 3.89 7.01 099 183 159 84.60
10 56.82 120 16 3.93 5.10 095 185 202 86.15
11 40 86.36 16 4.02 6.01 096 188 1.74 85.39
12 40 153.63 16 3.67 6.29 097 189 171 85.47
13 40 120 255 3.04 6.96 097 188 1.65 85.50
14 40 120 2945 3.82 6.08 097 0.18 1.65 87.30
15 40 120 16 3.49 6.66 095 179 1.66 85.45

X;= Feed composition, X,= Barrel temperature, X,= Feed moisture composition
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Table 3 Regression equation coefficient for response variable composition cocoyam/Bambara

g/nut proximate composition

Term Moisture Protein Fat Ash Fibre
Constant 3.498 6.678 0.940 1.630 1.793
X1 0.108 -0.142 -0.011 0.046 - 0003
X -0.067 0.075 -0.001 -0.05 -0.023
X3 0.284 0.126 0.004 - 0.042 0.0003
Quadratic

X, 0.101 -0.244 0.0065 0.1240 0.008
X5 0.079 - 0.205 0.0065 0.0010 0.023
Xs -0.069 -0.070 0.0109 - 0.033 0.011
Interaction

X1 X2 -0.054 - 0.064 0.0262 -0.103 0.023
X1 X3 -0.082 - 0.097 0.0050 -0.920 0.006
XoX3 -0.104 0.052 0.0112 0.1050 0.036
R square 76.90% 26.33% 91.00% 68.51% 62.02%
R. adj 35.33% 0.000% 74.79% 11.84 0.00%

y= BO+ Bl X1+ Bz Xot+ B3 X3+ Bll X117 t+ 822 Xoo + 833 X32 +B1X1X2 +B13X1X3 +823X2X3 X1= feed blend

composition, X,- barrel temperature, x;= feed moisture composition.

3.0 RESULTS AND DISCUSSION

The results of the proximate composition of cocoyam/Bambara groundnut extrudates are presented
in Table 2. The moisture content ranged between 2.6 to 4.02%; protein content ranged between 3.40
to 7.01%. The feed composition, barrel temperature, and feed moisture composition of 23.18%, 1200
°C and a moisture content of 16% has an optimum protein improvement [17] observed that
fortification with legumes not exceeding 30% were generally considered able to improve amino acid
composition. Lipid (fat content) ranged between 0.95 to 1.03%, fibre composition ranged between
0.18 to 1.94%. The low fibre retention may be a result of the hull removal before milling, Brough et
al., [18] reported that the hull removal lowers the content of the fibres and minerals but improves the
expansion during extrusion. The ash ranged from 1.33 to 2.33%. The high ash content is observed on
the run 2 with 50% Bambara groundnut extrusion variables, 1000 °C barrel temperature, and a
moisture content of 8%. High feed (Bambara g/nut) tends to improve the mineral composition of the
extrudate at an average temperature of 1000 °C. Of all foods, the legume is the food that adequately
meets the recommended dietary recommendation of the dietary regulation for healthy eating; they are
high in carbohydrate and dietary fibre, low in fat, good protein and vitamin source, and high in
minerals [19].

The regression modeling and the coefficients for the effects of extrusion variables on proximate
composition (moisture, protein, fat, ash, and fibre) of cocoyam- Bambara ground for the linear,
guadratic, and the interaction term are presented in Table. 3, the range for the coefficient of
determination (R,) was 26.33 % to 90.00 % for cocoyam- Bambara g/nut; this result indicates a good
fit for the model in describing the effects of feed composition, barrel temperature, and feed moisture
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composition for Cocoyam-Bambara g/nut extrudate samples. Hence, this model could be used in
determining the independent variables in the production cocoyam- Bambara g/nut base extrudate
having optimum protein, moisture, fat, ash and fibre indices. All the responses in the various
extrudates (samples) have positive coefficients. Filli et al [20] posits that a negative coefficient
denotes a decrease in the response with an increase in the parameter level. In contrast, a positive
coefficient indicates an increase in the response as the level of parameter increases.

Moisture= 3.498+ 0.108X; — 0.0679X2 + 0.284X; +0.101X,” + 0.079X,” — 0.069X5" — 0.054X; X, —
0.082X1LX3 = 0.104X 5 X3 +ueerenanentnieeee et (2)

The equation (2) above shows the regression model's moisture response for cocoyam/ Bambara
groundnut. The result of the ANOVA showed that the model X;, X3, (linear) X:%, X,°, (quadratic) were
all significant (P <0.05) while the interactive terms X;°, X, X5°, had an antagonistic relationship at (P
<0.05). The R, and Radj. were 84.98% and respectively. An upward increase in moisture at the linear
and quadratic levels will positively affect the product quality.

Protein = 6.678 — 0.142X, + 0.075X, + 0.126X5 — 0.244X, > — 0.205X, % — 0.070X3% —
0.064X; X5 — 0.097X; X3 + 0.052 Xp X3u e eeeeeeeeeeeeeeeee e, (3)

Table 2 shows protein content which ranged between 3.40 to 7.01%. The low protein in the result
might result from barrel temperature, which might have resulted in protein denaturation. The Bambara
groundnut protein is of good quality and has surplus lysine, which complements cereals in the diet
[21]. In food fortification, the quality of the protein rather than the quantity is the most critical factor
[25]. The ANOVA indicated a significance (P< 0.05) model, linear; X, and X3, and interactive; yaxs,
while the R2 and Radj were 44.49% and 0.00%. These low values indicate a low contribution of
protein to cocoyam flour [22].

Fat = 0.947 — 0.0107X; — 0.0009X, — 0.004X5 + 0.0065X,> + 0.00654X22 +0.0109X32 + 0.0262X1X2
+ 0.0050X1X3 + 0.01L1X5 X3 evveeeeeeeee ettt e, (4)

The fat content ranged from 0.93% to 1.03%. The values obtained fall within the acceptable limits of
flours for food formulations [23]. One of the significant concerns in extrusion is the excessive amount
of fat which affects the shearing effectiveness on the screws in the barrel during the transition or
compression. During extrusion, fat provides lubrication effects in the compressed polymer mix in the
extruder and modifies the eating quality of food Eroducts [24]; [25]. There was an antagonistic linear
(X1, X5, Xs3) relationship, while the quadratic (X1°, X, 2, X5°) and the interactive (X; X,, X1 Xa, X» Xs)
had a synergistic relationship from the model. An antagonistic relationship showed a negative
outcome when the processing variables were adjusted upward, while a synergistic relationship
showed a positive effect.

Ash = 1.630 + 0.046X1 — 0.0579X2 — 0.0421X3 + 0.124X12 + 0.0005X22 — 0.0339X32 0.01038X1X2
—0.0925X1X3+ 0.1050X2X3 .. .neniininieie e (5)

The ash content ranged from 1.36mg/100g to 2.33mg/100g. The result shows a corresponding
increase in ash with an increase in Bambara g/nut and cocoyam, which shows that the extrudate
contains an appreciable amount of minerals. The model terms; linear X1, quadratic X12, and the
interaction terms were significant (P< 0.05). Minerals are vital to the body, and they are needed to
maintain the osmotic balance of the body fluids and regulate muscle and nerve irritability [23]. The
ash content is an index of inorganic elements present as minerals.

Fibre =1.793 — 0.0034X1 — 0.0230X2 + 0.0003X3 + 0.008X12 + 0.0230X22 + 0.0115X32 +
0.0237X1X2 + 0.0063X1X3 + 0.0363X2X3 ....niririiiiie e (6)

The fibre content varied between 0.18mg/100g to 1.94mg/100g. The result of the lower limit
(1.949/100g) falls within the range (1.3 -7.209/100g that has been obtained for Bambara groundnut
/cocoyam flours [23]. It has been observed that insoluble dietary fibre decreases apparently as the
process parameters changes. These changes may be due to disruptions of covalent and non-covalent
bonds in the carbohydrate and protein moieties leading to smaller and more soluble molecular
particles [24]. The fibre showed negative linear and a positive quadratic and interactive (X3), (X12
X22 X32), and (X1 X2, X1X3, and X2X3) terms, respectively. The ANOVA proves that the processing
variables are significant (P< 0.05).



Proximate Composition of Cocoyam — Bambara g/nut based extrudate using 3D graphs
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Figure 1 (a) 3D surface plot of the effects of FBC and BT on the moisture of the cocoyam- bambara
g/nut extrudate holding FMC at 16%, (b) 3D plot of the effect of FBC and FMC on moisture cocoyam-
bambara g/nut extrudate holding BT at 120°C (c) 3D surface plot of the effect BT and FMC on
moisture of cocoyam- bambara g/nut extrudate holding FMC at 40%

Figure.1 (d) 3D surface plot of the effect of FBC and BT on the protein of the cocoyam- bambara g/nut
formulation holding FMC at 16% (e) 3D surface plot of the effect of protein of the cocoyam- bambara
g/nut extrudate holding BT at 140°C (f) 3D surface plot of the effect of BT and FMC on the protein of
the cocoyam- bambara g/nut extrudate holding FBC at 40%
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Figure 2a 3D surface plot of the effects of FBC and BT on the fat of the cocoyam- bambara g/nut
extrudate holding FMC at 16%, (2b) 3D plot of the effect of FBC and FMC on moisture cocoyam-
bambara g/nut extrudate holding BT at 120°C (2c) 3D surface plot of the effect BT and FMC on
moisture of cocoyam- bambara g/nut extrudate holding FMC at 40%

Figure 2d 3D surface plot of the effect of FBC and BT on the protein of the cocoyam- bambara g/nut
formulation holding FMC at 16% (2e) 3D surface plot of the effect of protein of the cocoyam- bambara
g/nut extrudate holding BT at 140°C (2f) 3D surface plot of the effect of BT and FMC on the protein of
the cocoyam- bambara g/nut extrudate holding FBC at 40%
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Figure. 3a 3D surface plot of the effect of FBC and BT on the ash of the cocoyam- bambara g/nut
formulation holding FMC at 16% (3b) 3D surface plot of the effect of ash of the cocoyam- bambara
g/nut extrudate holding BT at 140°C (3c) 3D surface plot of the effect of BT and FMC on the ash of
the cocoyam- bambara g/nut extrudate holding FBC at 40%

4, Conclusion

The RSM was used to study the effect of extrusion on the set of responses (proximate). It was
established that varying the feed composition, barrel temperature, and feed moisture content (p<
0.005) affects the quality of the proximate properties and characteristics of cocoyam and Bambara
groundnut noodles. There was a synergistic relationship for protein at linear (X; and X,) and at
quadratic (X;*> X,%); likewise, fat and ash content varied (p<0.005). The number of fibre changes as
the parameters changes significantly. These variables are essential considerations for commercial
and mass production of healthy and nutritious extruded cocoyam snacks supplemented with legumes.
Therefore, it points to the fact that extrusion is a viable alternative in transforming cocoyam into a
value-added product.
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