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Abstract: Effects of extrusion condition and defatted soybean inclusion on the physico-chemical, invitro starch and protein digestibility and sensory 
acceptability of African breadfruit blends were studied. The experiment had two levels of treatments: blends I and II. Blend I was composed of African 
breadfruit-undefatted soybean-corn flours; while blend II had African breadfruit-defatted soybean-corn flours. The two flour blends were brought to 21% 
moisture content by water addition through material balance and separately extruded at 140

0
C barrel temperature, 140rpm screw speed in a Brabender 

laboratory single screw extruder fitted with 2mm die nozzle diameter.  Extrusion cooking condition and defatted soybean inclusion did not significantly 
(p>0.05) affect the iron and zinc contents of the extrudates. The molybdenum content was significantly (p<0.05) reduced; while the manganese content 
was significantly (p<0.05) increased on extrusion.  Extrusion cooking condition significantly (p<0.05) increased the protein digestibility by 3.12% and 
22.77% in extruded blends I and II respectively; while there was a reduction in invitro starch digestibility from 68.23 to 70.43% and from 56.27 to 72.86% 
in extruded blends I and II respectively. Extrusion cooking condition and defatted soybean inclusion did not significantly (p>0.05) affect the physical 
properties (extrudate temperature, flow rate, plug flow, extrudate diameter, deformation strength and expansion ratio) of the extrudates. Extrusion 
cooking condition and defatted soybean inclusion did not significantly (p>0.005) differentiate the acceptability of the two extrudates. Their general 
acceptability was rated the same. 
 
Index Terms: African breadfruit, Corn, Extrusion cooking, Invitro digestibility, Physico-chemical, Sensory acceptability, Soybean 

———————————————————— 

 

1 INTRODUCTION 
Food extrusion is a thermo-mechanical processing operation 
that combines several unit operations such as mixing, 
kneading, shearing, conveying, heating, cooling, forming, 
partial drying or puffing (Leszek, 2011). The extrusion 
technology which was initially applied in plastic industry (Mian, 
2000) has found application in the 1940’s in developing a wide 
range of raw materials from cereal flour, starch granules, 
tubers, legumes etc into semi-cooked or completely cooked 
acceptable food products such as breakfast cereals, flakes, 
quick cooking pasta products, texturised vegetable protein and 
breakfast gruel (Iwe and Ngoddy, 1998; Iwe, 2001, Leszek, 
2011). African breadfruit (Treculia africana) a wild tropical ever 
green tree has immense potential as a nutritional source for 
man and other domestic animals. The seed is known as ‘Afon’ 
in the south-west of Nigeria and ‘Ukwa’ in the south-east of 
Nigeria. The tree grows wildly in the high rainforest zone of 
Nigeria and other African countries producing enormous seeds 
during its fruiting season (March to April); a mature tree 
produces approximately fifty fruits annually measuring five to 
ten kilograms after processing (Runsewe et al., 2001; 
Nwabueze and Iwe, 2010). The crop constitutes a strategic 
reserve of essential food nutrients that are available at certain 
critical period of the year when common sources of other food 
nutrients are short in supply or out of season (Nwabueze et 
al., 2008).  
 
 
 
 
 
 
 
 
 
 
 

The seeds are often sold shelled or deshelled in local markets 
using measuring cups. The seeds are traditionally consumed 
as porridge or sauce meal when cooked with other food 
ingredients; boiled or roasted and eaten as dessert snacks; or 
the flour prepared as breadfruit cake (Runsewe et al., 2001; 
Nwabueze et al., 2008; Nwabueze and Iwe, 2010). Ariahu et 
al. (1999) reported that African breadfruit and soybean flour 
blends produced an acceptable weaning diet formula and its 
positive efficacy in addressing protein energy malnutrition in 
children has been reported (Runsewe et al., 2001). A number 
of research work on extruded African breadfruit-soy-corn 
mixtures by Nwabueze et al. (2007), Nwabueze et al. (2008); 
Nwabueze and Iwe (2010) have been reported. Blending 
African breadfruit flour with soybean and corn would give the 
blend and its extrudate a more balanced nutritional quality 
requiring less or no treatment before consumption. The 
objectives of this work were therefore to extrude the flour 
blends into ready to eat snack and examine the effect of 
constant extrusion cooking condition and defatted soybean 
inclusion on the physico-chemical; invitro starch and protein 
digestibility as well as the sensory acceptability of the 
extrudates. This will help in determining the nutrient quality of 
the extrudates; their energy; mineral contributions and 
acceptability. The product would become a suitable substitute 
in addressing African traditional gruels which are 
predominantly made from cereals and the result is gruels that 
have low nutritional values as they contain inadequate micro 
and macro nutrients with poor digestibility. 

 

2 MATERIAL AND METHODS 
 

2.1 Source of raw materials 
African breadfruit (Treculia africana) seeds were purchased 
from Umuahia main market, Abia State, Nigeria; corn (16DT-
across pool) variety was obtained at the International Institute 
for Tropical Agriculture (IITA) Kano substation; while soybean 
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(TGX 1740-1 MJ) seeds were obtained from the National 
Cereal Research Institute, Badegge, Niger State, Nigeria. 
 
2.1.2 Preparation of raw Material 
African breadfruit seeds were washed in cold potable water 
and drained through a local perforated basket. The drained 
seeds were partially cooked in boiling water for 15min to 
facilitate the separation of the seed coats from the endosperm. 
Partially cooked seeds were drained and allowed to stand for 
20min to further soften the seed coat and effect cooling. 
Softened seeds were then decoated in an adjustable disc 
attrition mill and the fruits were manually separated from the 
coat on a tray. Dehulled seeds were oven dried at 60

0
C for 

17h and properly stored inside high density polyethene bag. 
Soybean seeds were sorted and winnowed manually in air 
current. The seeds were soaked in potable water for 18h at 
room temperature in a stainless steel container. Soaked seeds 
were gently mashed in a mortar to loosen the seed coat and 
the coats were separated from the cotyledon via water 
floatation. The cotyledons were drained and dried in an air 
convection oven at 60

0
C for 17h. Corn grains were sorted, dry-

cleaned and stored in air-tight plastic container. The three 
processed seeds were stored under refrigeration prior to flour 
production. 
 
2.1.3 Production of flour 
Dry cleaned breadfruit seeds were milled in a disc attrition mill 
(7hp, China) and the flour passed through a screen of 75µm 
pore size. The resulting flour was stored at room temperature 
(28+2

0
C) in a high density polyethene bag. Decoated soybean 

seeds were milled in a disc attrition mill (7hp, China) and 
screened through a 75µm pore opening. The resulting flour 
was stored in high density polyethene bag. While for corn 
flour, the seeds were further dried in an air convection oven 
(Gallenkamp, England) at 60

0
C for 6h and pulverized in a disc 

attrition mill (7hp, China) and passed through a 75µm screen. 
The resulting flour was stored in an air tight plastic container 
and stored under refrigeration. 
 
2.1.4 Defatting procedure 
Soybean flour was divided in to two portions. One portion was 
defatted from 17.60% to a known fat level 3.11%. This was 
done by soaking the flour in a food grade ethanol at 1:3 
(flour:ethanol) ratio for 3h at room temperature (28+2

0
C) and 

centrifuging at 4000rpm for 15min. The flour was separated 
from the supernatant and was spread under fan to reduce the 
concentration of ethanol in the sample. The defatted mass was 
then dried in an air convection oven (Gallenkamp, England) at 
60

0
C for 24h to desolventize residual ethanol in the flour. It 

was then milled in a hammer mill to break flour clumps and 
stored in an air tight container before blending and subsequent 
extrusion. The other portion was used as undefatted/whole fat 
soybean flour in the blend. 
 
2.1.5 Flour blending 
The undefatted soybean flour was used to formulate blend I 
while the defatted soybean flour was used to formulate blend 
II. The method reported by Nwabueze et al. (2008) was 
adopted for the formulation. The formulation was in ratio of 
70:25:5 (African breadfruit-soybean-corn).  
 
 
 

2.1.6 Sample preparation for extrusion 
The two flour blends were separately brought to 21% MC by 
water addition through material balance (Nwabueze and Iwe, 
2010). The prepared samples were extruded at selected 
constant extrusion condition at screw speed of 140rpm and 
barrel temperature of 140

0
C in a Brabender laboratory single-

screw extruder (Duisburg DCE 330, New Jersey USA).  
 

2.2 Extruder preparation  
The extruder had grooved barrel length to diameter (L/D) ratio 
of 20:1 fitted with 2mm die nozzle diameter operated at a 
constant screw speed (ss) of 140rpm and 140

0
C barrel 

temperature. A 4:1 compression ratio screw was employed 
(Nwabueze, 2007). The die nozzle diameter and length were 
2mm and 40mm, respectively. Temperature settings were 
adjusted using thermostat, such that, feeding, compression, 
metering and die zone temperatures were 120, 150,170 and 
150

0
C. The extruder was allowed to run to stabilization at a 

screw speed of 40rpm using corn flour before the experimental 
runs commenced. The feed was introduced gradually but 
continuously in to feed hopper equipped with an auxiliary 
anger screw at 300g/min and received at the die end as 
strands of pellets. 
 

2.3 Extrusion cooking 
The two portions for extrusion selected from blends I and II 
respectively were extruded at a screw speed (ss) of 140rpm 
and 140

0
C barrel temperature in a Brabender laboratory 

single-screw extruder (Duisburg DCE 330, New Jersey USA) 
fitted with 2mm die nozzle diameter. 
 

2.4 Handling of extrudates 
The emerging extrudates as pellets at the die nozzle were 
collected and spread under fan on the laboratory table at room 
temperature (28+2

0
C) for 3h. The extrudates were later dried 

in an air convection oven (Gallenkamp, England) at 60
0
C for 

10h. The resulting dried extrudates were packaged inside high 
density polyethene bags coded according to their runs.  Few 
grammes needed for laboratory analysis were taken from each 
run and milled in a Brabender roller mill and sieved through a 
75µm opening. The resulting extrudates flours were packaged 
inside coded high density polyethene bags and stored under 
room temperature (28+2

0
C) until needed for analysis. 

 

2.5 Physico-chemical analysis 
Mineral contents were evaluated in the raw and extruded 
samples according to AOAC (2006). In vitro starch and protein 
digestibility was carried out using method described by AOAC 
(2006). Extrudate diameter was determined in triplicates using 
micro metre screw gauge. Extrudates temperature (T) at the 
emerging die nozzle during extrusion run was determined in 
triplicates using a digitron instrument (Iwe, 2001). Extrudate 
flow rate (mass flow of extrudate at the die per unit time) was 
determined using method described by Nwabueze and Iwe 
(2010). Plug flow (ratio of the die diameter to the mean 
extrudates diameter) was determined using method described 
by Nwabueze and Iwe (2010). The deformation strength (DS) 
of the extrudates was determined as reported by Nwabueze 
(2007). Extrudates of uniform thickness were placed between 
two smooth parallel iron bars (1cm apart). Continues standard 
weights were added on to the extrudates until a visible 
deformation was noticed. The least weight that caused the 
deformation of the extrudates was regarded as the 
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deformation strength of the extrudates.  
 

2.6 Sensory characteristics 
The organoleptic characteristics of the extrudates were 
determined using a test panelists consisting of 30 judges 
drawn among the final year students of the Department of 
Food Science and Nutrition option, Federal University of 
Technology, Minna. The panelists were asked to evaluate the 
products for appearance, taste, flavour, texture and overall 
acceptability. The rating was done on a 9-point Hedonic scale 
where 9 represent like extremely and 1 represent dislike 
extremely (Ihekoronye and Ngoddy, 1985). 

 

2.7 Statistical analysis 
Data were analyzed by analysis of variance (Steel and Torrie, 
1980). The mean values were separated by least significant 
difference (LSD) test at 5% probability level. 
 

3 DISCUSSION 
Table 1 shows the trace mineral contents of the raw blends 
and their extrudates. The iron and zinc contents were not 
significantly (p>0.05) affected; while copper, molybdenum and 
manganese contents were significantly (p< 0.05) affected by 
extrusion. Defatted soybean inclusion did not significantly 
(p>0.05) affect the trace mineral content of the flour blends 
and their corresponding extrudates except in copper. Extrusion 
cooking significantly (p<0.05) reduced copper content from 
0.80mg/100g in raw blend I to 0.5mg/100g in its extrudate. The 
zinc content of both the flour blends and their extrudates was 
not significantly (p<0.05) affected. Statistically, there were no 
differences in the zinc contents of the different flour blends and 
their respective extrudates but, quantitatively there was an 
increase from 5.53mg/100g in the raw blend I to 7.20mg/100g 
in its extruded form and an increase from 6.50mg/100g in raw 
blend II to 6.80mg/100g in its extrudates. The molybdenum 
content of the extrudates reduced from 0.14mg/100g in raw 
blend I to 0.10mg/100g in its extruded form and a reduction 
from 0.13mg/100g in raw blend II to 0.10mg/100g in its 
extruded form. The reduction can be attributed to heat 
sensitivity and oxidation tendency of this class of nutrients 
(Camire, 2000; Anounye et al., 2009). The manganese content 
of the extrudates significantly (p<0.05) increased from 
5.60mg/100g in raw blend I to 8.30mg/100g in its extrudates 
and from 7.20mg/100g in raw blend II to 9.20mg/100g in its 
extrudates. The increase can be attributed to the accumulation 
of this mineral throughout water used during extrusion 
(Camire, 2000) and contribution by extruder wears (Artz, et. 
al., 1992; Harper, 1998; Anounye, et. al., 2009). Also, the 
reason could be attributed to the fact that, this class of nutrient 
is insensitive to high temperature and high shear rate during 
extrusion cooking and its non oxidative attributes. The invitro 
starch and protein digestibility of the raw flour blends and their 
extrudates are shown in Table 2. Extrusion cooking condition 
significantly (p<0.05) affected starch and protein digestibility of 
the flour blends and their extrudates with raw blend II 
(45.53%) having the highest value and the extruded blend II 
(27.45%) having the lowest value. Inclusion of defatted 
soybean in the blend did not significantly (p>0.05) affect starch 
and protein digestibility. Extrusion cooking significantly 
(p<0.05) reduced invitro starch digestibility from 31.12% in raw 
blend I to 28.23% in its extrudates and a reduction of 45.53% 
in raw blend II to 27.45% in its extruded form. While in protein 
digestibility, unlike in carbohydrate, extrusion cooking 

significantly (p<0.05) increased their digestibility with extruded 
blend II having the highest value (72.86%) while its raw blend 
(56.27%) had the lowest value. Extrusion cooking and drum 
processing have been reported to produce foods with high 
nutrients and energy density; high rate of starch gelatinization 
and increased invitro starch digestibility of the extrudates 
(Altan et al., 2009). This could be true for extruded food 
materials that have carbohydrate as their major feed 
composition. Introduction of other feed materials more 
especially protein and lipid and coupled with high temperature, 
shear rate and pressure experienced during extrusion cooking 
all lead to massive interaction between the three 
macromolecules (protein, lipid and carbohydrate). The 
interactions lead to production of their complexes which might 
be resistant to digestion. Reduced starch gelatinization of 
extrudates has been attributed to the presence of other food 
components, particularly lipids, sucrose, dietary fibre and salt 
(Jin et al., 1994). Fardet et al. (1999) documented that addition 
of 20% protein with removal of insoluble dietary fibre from 
wheat flour resulted in pasta with significantly delayed dextrin 
release under invitro digestion condition. Amylose-lipid 
complex formation also reduces starch digestibility. Moderately 
high protein contents of the flour blends 30.80% in raw blend I 
and 30.20% in raw blend II may be a factor to reduced starch 
digestibility of the extrudates. The presence of protein bodies 
around starch granules may restrict their swelling and starch 
gelatinization and hence, reduces the susceptibility to enzymic 
attack (Aarathi et al., 2003). Invitro protein digestibility of the 
extruded flour blends were significantly (p<0.05) increased on 
extrusion cooking from 68.23% in raw blend I to 70.43% in its 
extrudate and from 68.23% in raw blend II to 72.86% in its 
extrudate. Invitro protein digestibility is a pointer to assessing 
protein quality and bioavailability in foods. Increased protein 
digestibility of the extrudates is an indication that, they have 
better nutritional value than their raw flour blends. According to 
Ali et al. (2010) a protein with higher digestibility is potentially 
of a better nutritional value than the one of low digestibility 
because the former provides more amino acids on proteolysis. 
The low protein digestibility of the raw flour blends compared 
to their extrudates could be attributed to interactions between 
antinutrients and proteins to form complexes which increase 
the degree of cross linking thereby decreasing the solubility of 
proteins and making proteins less susceptible to proteolytic 
attacks thereby affecting their digestibility (Chinma et al., 
2011). The protein digestibility of the extrudates obtained in 
this work (70.43 to 72.86%) compared high to values of 
37.20% to 70.80% reported by Hooda and Jood (2005) for 
wheat-fenugreek biscuits and 25.43% to 71.57% in blends of 
tiger nut and pigeon pea biscuits reported by Chinma et al. 
(2011). Some engineering and physical properties of the 
extrudates (Table 3) showed that extrusion cooking condition 
and defatted soybean inclusion did not significantly (p<0.05) 
affect all the engineering and physical properties determined. 
However, the difference of 1

0
C between extruded blend I 

(135.5
0
C) and extruded blend II (134.5

0
C) can be attributed to 

high fat (whole soybean inclusion) in blend I which contributed 
to additional heat conduction besides the one generated by 
moving feed materials in the screw and the barrel wall. This 
led to reduced viscosity, decreased transient time of the feed 
material in the extruder and increased through put of the 
extrudates. Extrusion cooking did not significantly (p<0.05) 
affect the flow rate of the extrudates. However, high gramme 
of the extrudates per minute in extruded blend I (45.29g/min.) 
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could be attributed increased fat over blend II. Fat reduction 
increased the viscosity of the feed material in the extruder 
thereby increasing residence time and decreasing throughput 
of the extrudates. The plug flow which is a dimensionless 
quantity is the ratio of the die diameter to the mean extrudate 
diameter. The value was not significantly (p<0.05) affected by 
extrusion cooking condition and defatted soybean inclusion. 
The value has a direct relationship to the mass flow rate of the 
extrudates out of the extruder die. Extruded blend II (0.63) had 
the lowest value which translated in to reduced mass flow rate 
(41.14g/min.) as well as increased extrudates diameter 
(3.18mm). The deformation strength being a mechanical 
property important in determining the consumers’ mouth feel 
perception of the product plays a vital role in product 
acceptability. The values were not significantly (p<0.05) 
affected by extrusion condition and defatted soybean 
inclusion. Extruded blend II (4.80Kg) had the highest 
deformation strength and extruded blend I (4.50Kg) followed. 
The values obtained here are high compared to break strength 
of biscuit (1.28 to 3.30Kg) from blends of tiger nut and pigeon 
pea flour reported by Chinma et al. (2011). This suggests that, 
the extrudates can withstand shear force experienced during 
handling and storage yet, maintaining their intact shapes. 
Table 4 shows the sensory attributes of the two extrudates. 
The two products were not significantly (p>0.05) different from 
each other in all the parameters tested (appearance, flavour, 
taste, texture and overall acceptability). This shows that 
extrusion cooking condition and defatting soybean in play no 
significant role in differentiating the two extrudates from each 
other based on the test panelist’s judgments of the two 
products. The overall acceptability of the two samples was 
rated high but, extruded blend I received the highest general 
acceptability. 

 

4 CONCLUSION: 
Mineral composition and invitro starch and protein digestibility 
of the products showed that the extrudates may be useful in 
infant feeding and may be of high benefits to group of people 
requiring low digestible carbohydrates for daily survival. The 
results of the work showed that, food extrusion significantly 
influenced the chemical; physical and invitro digestibility of the 
extrudates. The general acceptability; increased invitro protein 
digestibility and reduced invitro carbohydrate digestibility of the 
extrudates implied that the product is appropriate for diabetics.   
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Table 1 

Trace mineral composition of raw flour blends and their 
extrudates 

                          Blend I                              *Blend II                          
Mineral    Raw        Extruded      Raw                 Extruded 
(mg/100g) 

 
Fe      7.20

a
 ± 1.00    7.20

a
 ± 1.00            7.50

a
 ± 1.00           7.60

a
 ± 1.00 

Cu      0.80
a
 ± 0.10     0.50

b
 ± 0.10           0.44

b
 ± 0.10           0.40

b
 ± 0.10

 

Zn      5.3
a
 3 ± 0.95    7.20

a
 ± 1.00            6.50

a
 ± 1.00           6.80

a
 ± 1.00 

Mo     0.14
a
 ± 0.01    0.10

c
 ± 0.02            0.13

ab
 ± 0.01          0.10

c
 ± 0.02

 

Mn     5.60
c
 ± 1.00    8.30

ab
 ± 1.00          7.20

bc
 ± 1.00           9.20

a
 ± 1.00 

 

Values are means and standard deviations of three 
determinations. Values not followed by the same superscript in 
the same column are significantly different 
(p<0.05). *with defatted soybean flour. 

 
Table 2 

Invitro starch and protein digestibility of raw flour blends and 
their extrudates 

 
           Blend I                           *Blend II  
Determination Raw    Extruded Raw   Extruded 

 
Starch       31.12

b
 ± 2.93   28.23

c
 ± 0.13    45.53

a
 ± 0.37    27.45

c
 ± 0.22 

digestibility  
Protein       68.23

b
 ± 5.57  70.43

ab
 ± 0.55    56.27

c
 ± 0.41    72.86

a
 ± 0.96 

digestibility       

 
Values are means and standard deviations of three 
determinations. Values not followed by the same superscript in 
the same column are not significantly different (p>0.05). *with 
defatted soybean flour. 

Table 3 
Engineering and  physical properties of the extrudates 

 
 

Properties              Extruded Blend I           Extruded Blend II 

 
Extrudate temperature (

0
C) 135.5

a
 + 1.00  134.5

a 
+ 1.00 

Flow rate (g/min)  41.14
a
 + 9.50   45.29

a
 + 1.00 

Plug flow   0.70
a
 + 0.10  0.63

a
 + 0.10 

Extrudate diameter (mm) 2.85
a
 + 0.58  3.18

a
 + 1.00 

Deformation strength (Kg) 4.50
a
 + 1.05  4.80

a
 + 1.00 

Expansion Ratio  1.43
a
 + 0.10  1.59

a
 + 0.10 

 

Values not followed by the same subscript in the same raw are 
significantly different (p<0.05). 

 
Table 4 

Sensory attributes of the extrudates 
 

Sensory Parameter  Extruded blend I        Extruded blend II
      

 
Appearance  7.50

a
 ± 0.85  8.10

a
 ± 0.88 

Flavour    7.10
a
 ± 0.88  7.10

a
 ± 1.10 

Taste   6.60
a
 ± 1.08  6.50

a
 ± 1.58 

Texture    7.40
a
 ± 0.70  7.10

a
 ± 1.20 

Overall acceptability  7.50
a
 ± 0.85  7.40

a
 ± 0.97 

 
Values not followed by the same subscript in the same raw are 
significantly different (p<0.05). 


