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Background: Development of complementary foods by mixing plant-based (cereals,

pulses, oilseeds, and others) ingredients and employing various processing techniques

is widely reported. However, information on comparison of anti-nutritional factors and

functional properties of extruded and unextruded complementary flours made from a

multi-mix is limited. In this regard, this study aims to investigate the influence of extrusion

cooking on anti-nutritional and functional properties of newly developed extruded oats,

soybean, linseed, and premix composite complementary flours.

Methods: Thirteen different blending ratios of oats, soybean, linseed, and premix were

generated using a constrained D-optimal design of the experiment. Each of the 13 blends

was divided into two groups: extrusion cooked and unextruded composite flour sample.

Anti-nutritional and functional properties were determined using standard methods for

both composite flours. ANOVA was used to determine if there was a significant difference

for extruded and unextruded composite flours and paired t-tests were used to check

variation between extruded and unextruded.

Results: The phytate content of the extruded and unextruded composite flours

was 158.93–191.33 mg/100 g and 175.06–203.10 mg/100 g, respectively, whereas

the tannin content of the extruded and unextruded composite flours was 8.4–22.89

mg/100 g and 23.67–36.97 mg/100 g, respectively. There was a statistically significant

(p < 0.05) difference among the extruded composite flours in terms of phytate and

condensed tannin content. Paired t-test has indicated a significant (p < 0.05) difference

between extruded and unextruded composite flours for phytate and tannin. Water

absorption capacity and bulk density have shown a significant (p < 0.05) difference

among extruded and unextruded composite flours. An increase in the proportion of

soybean and linseed flour was associated with an increase in phytate, tannin, and water

absorption capacity of composite flours. However, bulk density was increased with an

increasing proportion of oat in the blend.
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Conclusion: The findings revealed that extrusion cooking significantly reduced phytate

and condensed tannin content and improved the functional properties of the composite

complementary food flour. Further investigation is needed on other anti-nutritional factors

that are not included in this report.

Keywords: anti-nutritional factors, complementary food, composite flour, extrusion cooking, functional properties

INTRODUCTION

Child undernutrition remains pervasive and has severe health
consequences in low-income and middle-income countries
(Black et al., 2008). It remains to be a significant public health
problem all over the developing world including Ethiopia (EDHS
E, 2016; Hoffman et al., 2017; Tariku et al., 2017). Studies indicate
that communities characterized by higher rates of undernutrition
are associated with consuming predominantly starchy staples,
lower amounts of fruits and vegetables, legumes, and pulses, and
little or no animal source foods. Starchy diets such as cereals,
roots, and tubers are known to be bulky, with low nutrient density
and mineral bioavailability; hence, dependence on such diets
leads to impaired growth and development (Kim et al., 2009).

Complementary foods in developing countries are usually
made in a form of cereal gruels, which are characterized by low
energy density and protein due to the large volume of water
relative to its solid matter contents (Inyang and Zakari, 2008;
Igyor et al., 2011). More of the solid matter is needed to increase
the energy density of the gruel, which in turn makes the gruel
too thick and viscous for an infant to consume. Taking into
consideration the small intestinal capacity of infants, such diets
will not fulfill their energy and other vital nutrient requirements
(Ikujenlola and Fashakin, 2005). Cereals, legumes, and other
plant-based complementary foods are characterized by high anti-
nutritional contents (Samtiya et al., 2020).

Plant foods such as cereals and legumes naturally contain
different anti-nutritional compounds. Infants and young
children in the ages of complementary feeding have a high
nutrient requirement, and the presence of anti-nutrients in
their diets can negatively affect their nutritional status. The
negative effects of cereal and legume anti-nutritional factors
on the bioavailability of essential nutrients and thereby to
undernutrition are well-documented (Gilani et al., 2012;
Clemens, 2014).

Among the anti-nutritional compounds of most significant
importance to be mapped in complementary foods are phytate
(or phytic acid1). Phytate [inositol hexaphosphate (IP6)] is
widely present in plant-based foods. It is well-documented that
even small amounts of phytate in the diet will significantly
reduce iron absorption (Davidsson et al., 1997; Hurrell, 2004).
The bioavailability of mineral elements for absorption is affected
when phytates in grains bind to the minerals and form
indigestible complexes (Dahouenon-Ahoussi et al., 2012).

The problem of high dietary bulk density and anti-nutritional
factor could be solved using malting and other processes such
as extrusion (Hotz and Gibson, 2007). Extrusion is a food
processing technique with the characteristics of high temperature

and short time applied in the development of food products
(Moscicki and van Zuilichem, 2011; Masatcioglu et al., 2014;
De Cruz et al., 2015; Tiwari and Jha, 2017). Extrusion is a
processing technique that has been shown to decrease anti-
nutritional factors, improve the digestibility of starch and protein,
and increase Fe bioavailability (Maclean et al., 1983; Saha et al.,
1994; Singh et al., 2007; Diaz et al., 2013). Extrusion may further
benefit food aid consumers because it can create pre-cooked
porridges, which take less energy and time to prepare.

Besides the fact that most of the mothers in developing
countries prepare child food from cereals only, complementary
food preparation and processing practices can also affect the
utilization of the required nutrient from the food they consume.
The utilization of locally available ingredients and employing
and optimizing the food processing techniques are the key
criterion in the development of nutritionally upgraded foods
for malnourished populations (Webb et al., 2011). Therefore,
this research was initiated to evaluate the effectiveness of
extrusion cooking process in reducing the major anti-nutritional
factor contents (Phytate and tannin) and improving functional
properties of complementary food prepared from oat, soybean,
and linseed blended with premix (salt, sugar, moringa, and
fenugreek) to improve the minerals, vitamins, and sensory
quality of complementary food as indicated in Forsido et al.
(2019). This work is the continuation of Forsido et al. (2019).

MATERIALS AND METHODS

Experimental Materials
The materials used for this study were oat (Sinana one variety),
soybean (Clark 63 variety), linseed (Kulumsa one variety), and
premix [Moringa stenopetala, fenugreek (Chala variety), sugar,
and iodized salt].

Sample Preparation
The detailed steps followed in sample preparation are described
in our publication (Forsido et al., 2019). Different unit operations
were followed for the preparation of flours from the different
plant-based ingredients. However, all plant-based raw materials
were cleaned and milled and all powder samples were stored
at refrigeration temperature (4◦C) in an airtight container
separately until used. The details of the sample preparation
procedure were summarized in Figure 1 below.

Experimental Design and Treatment
Combinations
The experimental design was carried out with the aid of
Minitab software version 16 D-optimal mixture design to

Frontiers in Sustainable Food Systems | www.frontiersin.org 2 November 2021 | Volume 5 | Article 713701

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Duguma et al. Extrusion, Anti-nutritional Factor, Composite Flour

FIGURE 1 | Flow diagram of sample preparation.

generate the treatment combination; accordingly, 13 runs were
computer-generated. Upper and lower constraints for each
ingredient were decided based on data from food composition
tables (Souci et al., 2008) and literatures to fulfill nutritional
requirements of children under 2 years. Premix was added to
meet recommendations for vitamin and mineral and confer
suitable organoleptic characteristics to the flours (Mouquet
et al., 2003); this work is the continuation of Forsido et al.
(2019). During the experiment, the flour sample from different
ingredients was blended according to the proportion generated
by Minitab software (13 runs). The blended composite flours
were divided into two parts; one part goes for extrusion cooked
and the other remains unextruded to compare the effect of
extrusion cooking. Laboratory analyses were done separately.

Extrusion Processing
The ingredients were thoroughly mixed for 5min in a planetary
cake mixer (H.LB20/B, Hungary) before extrusion cooking.
Independent variables of a co-rotating twin screw food extruder

(model Clextral, BC-21N0 194, Firminy, France) such asmaterial
feed rate, water flow rate, barrel temperature of the metering
section, moisture content of the raw material, and screw speed
were calibrated and adjusted prior to the extrusion cooking
process (Forsido et al., 2019). Accordingly, an outlet barrel
temperature of 130◦C, a screw speed of 150 rpm with the feeder
delivering a feed rate of 5.1 g/min, and a feed moisture content
of 17% (170 g/kg) were used. The extrudate was allowed to cool
to 20◦C, and afterward dried in a convective oven at 105◦C for
15min (Semasaka et al., 2010), cooled to room temperature,
milled, and sieved (0.5mm sieve), and the flour was stored in
polythene bags at 4◦C.

Measurements
Anti-nutrient Factors

Phytate Content Determination
Phytate was determined following the method of Vaintraub
and Lapteva (1988). Half gram of composite flour sample was
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extracted with 10ml of 2.4%HCl in amechanical shaker for 1 h at
an ambient temperature and centrifuged at 3,000 rpm for 30min
(centrifuge model 800-1). Three milliliters of clear supernatant
was collected and mixed with 2ml of Wade reagent (containing
0.03% solution of FeCl3.6H2O and 0.3% of sulfosalicylic acid
in water). The mixture was homogenized and centrifuged at
3,000 rpm for 10min. A series of phytic acid standard solutions
were prepared. The mixtures were centrifuged for 10min and
the absorbance of the solutions (both the sample and standard)
was measured at 500 nm using UV-Vis spectrophotometer (T80,
China) by using deionized water as a blank. A standard curve was
made from absorbance vs. concentration. The amount of phytic
acid was calculated using phytic acid standard curve.

Phytate

(

ug

g

)

=

absorbance− intercept

volume density ∗ slope ∗ wieght

Condensed Tannin Content Determination
Condensed tannin content was determined by the method of
Maxson and Rooney (1972). Two grams of the sample was added
in a screw cap test tube and extracted with 10ml of 1% HCl in
methanol for 24 h at room temperature with mechanical shaking
and the solutions were centrifuged at 1,000 rpm for 5min. One
milliliter of supernatant was mixed with 5ml of vanillin-HCl
reagent. D-catechin was used as standard for condensed tannin
determination. Forty milligrams of D-catechin was dissolved in
1,000ml of 1% HCl in methanol and used as stock solution.
Stock solutions (0, 0.2, 0.4, 0.6, 0.8, and 1ml) were added in
a test tube, and the volume of each test tube was accustomed
to 1ml with 1% HCl in methanol. Five milliliters of vanillin-
HCl reagent was added into each test tube. After 20min, the
absorbance of sample solutions and the standard solutions was
measured at 500 nm by using UV-Vis spectrophotometer (T80,
China). The calibration curves were prepared using the series
of standard solutions. Standard curves were prepared from
absorbance vs. concentration and the slopes and intercepts were
used for calculation.

Tannin

(

u
g

g

)

=

(A− B) − intercept

weight
∗ slope ∗ d

where:

A= sample absorbance
B= blank absorbance
d= density of solution (0.791 g/ml).

Functional Properties

Bulk Density (BD)
The bulk density of the composite flour was analyzed according
to the method stated by Oladele and Aina (2007) in which a mass
of 50 g of the sample was put into a 100-ml measuring cylinder.
The cylinder was tapped continuously until a constant volume
was obtained. The bulk density was then calculated as weight of
the grounded flour (g) divided by its volume (ml).

Bulk density
( g

cm3

)

=

weight of sample

volume of sample after tapping

Water Absorption Capacity (WAC)
Water absorption capacity was determined using the procedure
of Adebowale et al. (2005). Ten milliliters of distilled water was
added to 1 g of the sample in a beaker and stirred using amagnetic
stirrer for 3min. The suspension obtained was then centrifuged
at 3,500 rpm for 30min, and the supernatant was measured into
a 10-ml graduated cylinder. The water absorbed by the flour was
calculated as the difference between the initial volume of the
sample and the volume of the supernatant.

WAC =

W3−W2

W1

where:

W1= weight of flour,
W3= weight of flour plus tube after centrifuge
W2= weight of tube.

Statistical Analysis
Minitab version16 software package was used to analyze the
data. Normality and constant variance of the error terms were
checked. Analyses of variance (ANOVAs) were done to compare
variation within 13 treatments of extrusion cooked and 13
unextruded composite flour. Paired t-tests were used to check
if there is a significant difference in anti-nutritional factors
and functional properties among extruded and unextruded
composite flours. The statistical significance of the terms in
the regression equations was examined by ANOVA) for each
response, and the significance test level was set at 5%.

RESULTS AND DISCUSSION

Anti-nutritional Factors of Composite Flour
Phytate
The phytate contents of extruded and unextruded composite
flours were indicated in Table 1. ANOVA for models, the
interaction of components, and coefficient of determination (R2

value) are summarized in Table 2. ANOVA indicates that there
was a significant (p < 0.05) difference in phytate contents of
extruded composite flours at the quadratic model; however, there
was no significant difference for unextruded composite flour. The
coefficient of determination (R2 values) of phytate contents of
both extruded and unextruded composite flour indicated that the
models could sufficiently predict the responses.

The phytate content of the extruded and unextruded
composite flour ranged from 158.93 to 191.33 mg/100 g and
175.06 to 203.10 mg/100 g, respectively (Table 1). The average
daily intake of phytate was estimated to be 2,000–2,600mg
for vegetarian diets as well as diets of inhabitants of rural
areas of developing countries and 150–1,400mg for mixed diets
(Reddy, 2002). The value of phytate obtained in the present
study is lower compared to the acceptable concentrations. This
might be due to processing conditions followed during sample
preparation (dehusking, boiling, and mild temperature roasting)
and extrusion cooking.

The lowest phytate content was recorded at the lower
proportion of soybean and a high proportion of oat and linseed in
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the oat–soybean–linseed blend for both extruded and unextruded
composite flours. The highest phytate content was recorded at
the maximum portion of soybean in oat–soybean–linseed blend
for the extruded and unextruded composite flours as indicated in
Figures 2A,B respectively.

This result was in agreement with previous findings. Liener
(2000) reported that phytate content of bread increased as the
amount of soybean flour increased in the bread. This increase
is because of the high amount of phytate found in soybeans.
Tajoddin et al. (2011) also reported that phytate content is high in
legumes and it decreases the bioavailability of essential minerals
and protein by forming insoluble phytate–mineral and phytate–
protein complexes. Phytate present in raw materials and foods of
plant origin is suggested to be a significant factor responsible for
lowering the availability of minerals and some proteins (Shimelis
and Rakshit, 2005).

Paired t-test of phytate has shown a significant difference
(p < 0.05) between extruded and unextruded composite flour
(Table 3). The phytate contents of extruded composite flour

TABLE 1 | Phytate contents of the composite flour.

Mixture composition (%) Phytate contents (mg/100g)

Oat Soybean Linseed Premix* Extruded Unextruded

57.9 19.9 7.2 15 180.6 190.6

57.4 17.9 9.7 15 181.57 189.72

56 23 6 15 178.43 188.19

65 11 9 15 170.82 181.82

62.4 15.4 7.2 15 174.8 192.43

55 19 11 15 190.56 201.25

62.4 13.9 8.7 15 170.02 183.32

57.4 19.9 7.7 15 187.85 190.55

63 11 11 15 158.93 175.06

59.8 16.8 8.3 15 175.48 181

55 23 7 15 191.33 203.1

61.4 13.9 9.7 15 177.39 184

65 14 6 15 180.57 187

*Premix (9.9% sugar, 3% moringa, 1.5% fenugreek, and 0.6% salt).

were significantly reduced than unextruded composite flour. This
might be due to high-temperature treatment during extrusion
cooking that degrades the phytate. Similarly, Omosebi et al.
(2018) reported that, extrusion process brought about significant
reduction in the phytic acid content of complementary diet
from quality protein maize and soybean protein concentrate.
Osman et al. (2010) also reported that, the apparent decrease in
phytate content during cooking may be because of the formation
of insoluble complexes between phytate and other components
such as phytate–protein and phytate–mineral complexes; this
consequently lowers the amount of free phytate.

Phytates bindminerals in the digestive tract, making it difficult
for the body to absorb and use these nutrients (Sandberg,
2002; Melaku et al., 2005). Thus, lowering the phytic acid
is expected to enhance the bioavailability of such minerals
(Anuonye et al., 2010).

Condensed Tannin
The tannin content of extruded and unextruded composite
flours ranged from 8.4 to 22.89 mg/100 g and 23.67 to 36.97
mg/100 g, respectively (Table 4). Condensed tannin content of
the extruded composite flours showed a significant (p < 0.05)
effect at the linear and quadratic model; however, the interaction
effect was not significant. The regression models developed to
predict the tannin content explained 92.87 and 80.56% of the
variations (Table 2) for extruded and unextruded composite
flour, respectively.

The highest tannin content was recorded at high proportion
of soybean and linseed in the oat–soybean–linseed blend
(55:19:11%), and the lowest tannin content was recorded at
highest oat proportion in the blend (65:14:6%). The tannin
content of the formulas increased with increasing the proportion
of linseed and soybean flour in the formulation (Figures 3A,B).
This increase might be due to high anti-nutritional (tannin)
contents of soybean and linseed. The finding of the present study
was in agreement with Samuel et al. (2012) who reported that the
amount of tannin in bread increased as the amount of soybean
flour increased.

Tannins cause decrease iron absorption, alter excretion of
cations, increase excretion of proteins and essential amino acids,

TABLE 2 | Analysis of variance (ANOVA) for anti-nutritional factors content and functional properties.

Source Anti-nutritional factors Functional properties

Extruded Unextruded Extruded Unextruded

Phytate Tannin Phytate Tannin BD WAC BD WAC

Linear 0.416 0.015 0.33 0.216 0.346 0.004 0.003 0.001

Quadratic 0.015 0.059 0.07 0.332 0.000 0.022 0.002 0.001

X1*X2 0.073 0.089 0.075 0.814 0.001 0.192 0.387 0.077

X1*X3 0.656 0.158 0.959 0.299 0.172 0.021 0.001 0.023

X2*X3 0.061 0.182 0.254 0.197 0.012 0.024 0.006 0.663

R2 89.86 92.87 82 80.56 97.97 96.75 97.61 92.3

X1, Oat; X2, Soybean; X3, Linseed; R
2, coefficient of determination.
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FIGURE 2 | Contour plot of phytate content (mg/100 g) extruded (A) and unextruded (B) complementary flour.

TABLE 3 | Paired t-test of phytate contents of unextruded and extruded

composite flour.

N Mean StDev SE mean

Phytate unextruded 13 188.31 7.81 2.17

Phytate extruded 13 178.33 8.91 2.47

Difference 13 9.98 4.21 1.17

95% CI for mean difference: (7.43, 12.52).

t-test of mean difference = 0 (vs. not = 0): t = 8.55, p = 0.000.

and consequently damage the intestinal tract, depress growth,
and enhance carcinogenesis (Anuonye et al., 2010).

Paired t-test of condensed tannin indicated that there was a
highly significant difference (p< 0.01) between extrusion cooked
and unextruded composite flour (Table 5). The condensed tannin
content of extruded composite flour was lower than unextruded
composite flour. The reduction of tannin contents of extruded
composite flour might be due to thermal degradation and
denaturation of the condensed tannin during extrusion cooking.
Similarly, Kataria et al. (1989) reported that the complete
reduction in the levels of tannin during extrusion cooking process
might be due to thermal degradation and denaturation of the
anti-nutrient. About 38.08% tannin reduction recorded in this
research is slightly greater than the study of Omosebi et al.
(2018) who reported about 20% reduction in tannin content of
the extruded complementary diet from quality protein maize
and soybean protein concentrate. Anuonye et al. (2010) reported
that a 61.22% reduction of tannin contents for extruded pigeon
pea-unripe plantain flour blend was greater than the current
finding. Similarly, extrusion at high temperature was reported
to reduce anti-nutritional factors including phytate and tannins
(Kuar et al., 2015; Nikmaram et al., 2017).

The condensed tannin contents for both extrusion cooked
and unextruded composite flour can be considered safe since

TABLE 4 | Condensed tannin contents of extruded and unextruded

composite flour.

Mixture composition (%) Tannin contents (mg/100g)

Oat Soybean Linseed Premix* Extruded Unextruded

57.9 19.9 7.2 15.0 13.69 26.37

57.4 17.9 9.7 15.0 14.64 29.90

56.0 23.0 6.0 15.0 17.27 33.34

65.0 11.0 9.0 15.0 10.41 25.29

62.4 15.4 7.2 15.0 10.82 27.66

55.0 19.0 11 15.0 22.89 36.97

62.4 13.9 8.7 15.0 11.29 26.15

57.4 19.9 7.7 15.0 15.63 32.42

63.0 11.0 11. 15.0 16.52 33.58

59.8 16.8 8.3 15.0 14.22 31.43

55.0 23.0 7.0 15.0 21.13 35.24

61.4 13.9 9.7 15.0 12.03 29.82

65.0 14.0 6.0 15.0 8.40 23.67

*Premix (9.9% sugar, 3% moringa, 1.5% fenugreek, and 0.6% salt).

they are below the total acceptable tannin daily intake. The
total acceptable tannin daily intake for a man is 560mg
(Ikpeme-Emmanuel et al., 2012). The results showed that the
concentrations of condensed tannin in the composite flour
were below toxic levels. Generally, besides improving the
nutrition properties of complementary food, extrusion cooking
can reduce the anti-nutritional factor of complementary foods
(Forsido et al., 2019).

Functional Properties of Composite Flour
Bulk Density (BD)
The mean values of BD of unextruded and extruded composite
flours are presented in Table 6. The BD ranges from 0.79
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to 0.84 g/ml and 0.93 to 0.98 g/ml for unextruded and
extruded composite flour, respectively. ANOVA has shown
a significant (p < 0.05) difference in BD of extruded and
unextruded composite flour in the linear model, quadratic

TABLE 5 | Paired t-test of condensed tannin contents of unextruded and

extruded composite flour.

N Mean StDev SE mean

Tannin unextruded 13 30.14 4.12 1.14

Tannin extruded 13 14.53 4.20 1.17

Difference 13 15.608 1.501 0.416

95% CI for mean difference: (14.701, 16.515).

t-test of mean difference = 0 (vs. not = 0): t = 37.49, p = 0.000.

model, and interaction among the ingredients. The regression
models developed to predict the bulk density explained 97.61
and 97.97% for unextruded and extruded composite flour,
respectively (Table 2). A high coefficient of determination (R2

value) indicates that the model can sufficiently predict the
responses. The BD of composite flour was high in the blend at
which the proportion of oat was highest and low at the highest
percentage of soybean and linseed in the mix, as described in
Table 6. Figures 4A,B also showed a similar trend, increasing
the proportion of oat increased the BD of composite flour. This
could be due to high fiber contents in oat, which contributes
to the increase in the bulk density of the flour. The finding
of this research was in agreement with the result of Veronica
et al. (2006) who reported that as fiber and protein-rich materials
are added to starchy materials, the density of the expanded
product is increased. Bolarinwa et al. (2015) reported that the

FIGURE 3 | Contour plot of tannin content (mg/100 g) of extruded (A) and unextruded composite flour (B).

TABLE 6 | Functional properties of unextruded and extruded composite flour.

Mixture composition (%) Extruded Unextruded

Oat Soybean Linseed Premix* BD (g/ml) WAC (ml) BD (g/ml) WAC (ml)

57.9 19.9 7.2 15.0 0.94 3.19 0.81 2.27

57.4 17.9 9.7 15.0 0.95 3.28 0.81 2.21

56.0 23.0 6.0 15.0 0.93 3.31 0.80 2.37

65.0 11.0 9.0 15.0 0.97 3.10 0.84 2.28

62.4 15.4 7.2 15.0 0.96 3.07 0.82 2.20

55.0 19.0 11.0 15.0 0.96 3.41 0.79 2.20

62.4 13.9 8.7 15.0 0.96 3.14 0.83 2.24

57.4 19.9 7.7 15.0 0.94 3.24 0.82 2.28

63.0 11.0 11.0 15.0 0.94 3.24 0.83 2.26

59.8 16.8 8.3 15.0 0.95 3.20 0.82 2.27

55.0 23.0 7.0 15.0 0.94 3.30 0.80 2.33

61.4 13.9 9.7 15.0 0.95 3.15 0.83 2.24

65.0 14.0 6.0 15.0 0.98 3.06 0.82 2.16

*Premix (9.9% sugar, 3% moringa, 1.5% fenugreek, and 0.6% salt).
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FIGURE 4 | Contour plot of bulk density (g/ml) of extruded (A) and unextruded (B) composite flour.

FIGURE 5 | Contour plot of WAC (ml) of the extruded (A) and unextruded (B) composite flour.

bulk density of the composite flour decreased with an increasing
level of soybean flour substitution in the mixes. Siddharth
(2014) also reported that the higher bulk density might be
due to the presence of more crude fiber in the composite
flour sample.

Paired t-test has shown no significant difference between
extrusion cooked and unextruded composite flour in BD.
However, the BD of the extrusion cooked composite flour was
higher than the unextruded composite flour. This variationmight
be due to high temperature during extrusion cooking, which
leads to gelatinization of starch that increases bulk densities of
the flour. The current result agrees with the report of Meuser
and Wiedmann (1989) who reported an increase in bulk density
as the temperature increases; this is due to the liquefaction

of sugar via melting during the extrusion process. A similar
result confirmed that extrusion cooking results in increasing
bulk density and water absorption capacity of the extrudate
(Filli et al., 2010).

Baby foods should be easy to disperse and have lower
paste thickness, both of which are associated with higher BD
(Padmashree et al., 1987). Milling affects BD of a product as
it reduces the particle size. BD determines the type of package
needed for a certain food as it is an indication of porosity
of a product (Iwe and Onadipe, 2001). Lower BD is desirable
in complementary feeding as it corresponds to higher nutrient
content in a smaller volume of the food and thus advantageous in
making infant gruel (Kulkarni et al., 1991; Iwe and Ngoddy, 1998;
Imtiaz, 2011; Kinyuru, 2012).

Frontiers in Sustainable Food Systems | www.frontiersin.org 8 November 2021 | Volume 5 | Article 713701

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Duguma et al. Extrusion, Anti-nutritional Factor, Composite Flour

Water Absorption Capacity (WAC)
The chemical composition of food such as the presence of
water binding the hydrophilic groups and the gel-forming
capacity of the macromolecules influences its WAC (Gomez
and Aguilera, 1983). Processing-induced damages to starch
granules facilitate absorption of a large quantity of water
and consequently leads to swelling and increased viscosity
(Colonna, 1989).

The value of WAC of extruded and unextruded composite
flour ranged between 3.06–3.41ml and 2.16–2.37 g/g,
respectively. ANOVA for extruded composite flours has
shown highly significant (p < 0.01) effects in the quadratic
model and interaction between oat with soybean and
soybean with linseed. ANOVA of unextruded composite
flour has indicated significant effects (p < 0.05) in the
linear model, quadratic model, and interaction between
oat and linseed and between soybean and linseed but no
significant difference for the interaction between oat and
soybean. The regression models, developed to predict the
WAC of the composite flour, explained 92.3 and 96.75%
for unextruded and extruded composite flours, respectively
(Table 2).

The minimum WAC was recorded at the highest proportion
of oat flour in the formulation, and maximum values of
the WAC were recorded at the high proportion of soybean
and linseed flour in the formulation as indicated in contour
(Figure 5). The WAC of the blend was increased with an
increasing proportion of soybean and linseed in the blend for
both extruded and unextruded composite flour. This increase
may be due to the high WAC of soybean as compared to
oat; the protein denatured during extrusion cooking made
the soybean flour absorb more water. The finding of this
study agrees with the report of Amarjeet et al. (1995), who
reported increased water absorption with increased soybean
flour fortification. Ojinnaka et al. (2013) also reported that
WAC increases with increased inclusion of soybean flour to the
samples. Igyor et al. (2011) reported that protein binds water
and fat while retaining them. Thus, the availability of soy protein
has increased its ability to absorb water. The WAC indicates
the amount of water available for gelatinization (Kulkarni et al.,
1991).

Paired t-tests indicated that there was no significant difference
between extrusion cooked and unextruded composite flour in
the WAC. However, WAC of the extrusion cooked composite
flour was higher than the unextruded composite. The high
WAC recorded in extruded composite flour might be due to
starch gelatinization during the extrusion cooking process. High
temperature during extrusion cooking results in the extruded
product losing its highest amount of water because the extruded
product is expected to absorb more water than unextruded
products. The increase in water absorption capacity implies
high digestibility of the starch. This finding confirms the result
of Asare et al. (2012) who concluded that the transformation
and modifications could explain the high value of WAC of

the extruded product in starches and protein complexes in the
products arising from the extrusion process. During extrusion,
starch gelatinization will take place, and WAC is an index
of gelatinization since native starch does not absorb water at
room temperature (Ding et al., 2006). Higher WAC indicates
higher protein content in the formulations, which absorbs
and binds to more water (Otegbayo et al., 2000). A gruel or
porridge prepared for complementary feeding should neither
be too thick as it can be difficult for the infant to consume
nor too thin that energy and nutrient density is reduced
(Michaelsen et al., 2003).

CONCLUSION

The results revealed that anti-nutritional factor contents of
extrusion cooked composite flour have been significantly
reduced compared to unextruded composite flour. The
extrusion cooking operations (mixing, shearing force, and
high-temperature heating) involved could contribute to
a reduction of phytate and condensed tannin content of
composite flour. The value of phytate and condensed tannin
recorded in this study is below the limit of acceptable
daily intake. Generally, the findings demonstrated that
extrusion cooking conditions, 130◦C barrel temperature,
150 rpm screw speed, and 5.1 g/min feed rate, used in this
study could be suitable to reduce anti-nutritional factors
and improve the functional properties of composite flour.
Further investigation is needed to be conducted on different
anti-nutritional and functional properties of both extruded
and unextruded composite flours, which are not included in
this report.
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