2025, Vol. 6, No. 2, pp. 39-52
https://doi.org/10.11648/j.rd.20250602.13

Science Publishing Group

Research & Development .
P @ SciencePG

Research Article

Formulation and Characterization of Physico-Chemical and
Functional Properties of Sorghum, Barley, and Potato
Composite Flour for Injera Making

Faris Mohammed" ", Solomon Abera Habtegebriel?

Food Engineering, Dilla University, Dilla, Ethiopia
2Food Technology and Process Engineering, Haramaya University, Haramaya, Ethiopia

Abstract

Combination of sorghum, barley, and potato flour to make injera is not common practice, and not much scientific research has
been done on the subject. Therefore, the purpose of this study was to describe the physicochemical characteristics, functional
characteristics, and mineral contents of sorghum, barley, and potato flour’s combination. Using a single factorial design and
several blending ratio levels, the experiment was conducted. We performed four treatments in triplicate. The percentages of each
ingredients such as, barley were 15, 20, and 25 percent; potatoes were 5, 10, and 25 percent; and sorghum were 80, 70, and 50
percent. The flours' functional properties included 56.50-69.33 percent disperse-ability, 8.24-11.17 g/g swelling power, 1.98-2.44
g/g water absorption capacity, and 0.80-1.25 g/g oil absorption capacity. The percentage of remained particle size increased from
(0.66 to 0.80 percent) to 49.82, 49.88, and 54.32 percent, while the mesh size fell from 500 pm to 125 pm. The angle of repose
was 28.63 to 44.30 degree, while the bulk density ranged from 0.60 to 0.85 g/ml. In terms of moisture content, fat, protein, fiber,
ash content, carbohydrate, and total energy, the flours' respective proximate compositions were 11.99-12.75 percent, 2.72-3.06
percent, 15.33-16.27 percent, 5.47-5.98 percent, 1.77-2.14 percent, 60.90-61.59 percent, and 332.16-336.34 of Kcal/100g. The
mineral concentrations of the flours were 7.34-38.90, 7.43-16.87, and 4.91-6.34 mg/100g for calcium, iron, and zinc,
respectively.
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1. Introduction

sorghum grain are about 74% CHO, 1.2% ashes, 4.2% fat,
12.3% protein and 1.7% crude fiber [2]. On the other hand, the
active compound found in sorghum has a disadvantage on the
functionality of food products. For instance, tannin
compounds affect color, texture and give bitter taste to injera
and phytic acid impairs bioavailability of minerals [3].

1.1. Background

Sorghum grain is a prominent cereal crop for most of the
countries in the world. Sorghum is characterized by its ability
to produce grain in places with shortage of water supply and
characterized by drought [1]. The nutrient components in
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Furthermore, inadequate dietary fiber intake in sorghum grain
may be associated with high plasma cholesterol that relates to
heart disease [4]. Barley is a cereal grain and found fourth
level of world’s cereal production sharing 12% of the total. It
consists of high fiber content, which is very important in
improving textures and gives lightness to bakery products as
well as it used to reduce cholesterol in our body [5].

Potato (Solanum tuberosum L.), which is harvested as a
fresh vegetable, is the world's fifth ranked crop in terms of
production [6]. It is a root crop and currently at high
production rate and so extensively dominating a wide range of
farming land [7]. This root crop product consists of minerals
and is high in resistant starch, which is very useful in colon
fixation and digestion systems. Furthermore, lysine protein
which is absent from grain crops and it helps the body to
absorb minerals is found in potatoes. Potatoes are also
characterized by having high moisture retention, which may
improve the texture of baked food products [7-9].

Blending of flours is simply the combination of two or
more flours of cereal grains that aim for nutritional
improvements and gaining the overall acceptability of a food
product.

Foods which may be produced from flours of different
cereal and root crops can provide better nutrient and dietary
diversity [10]. According to [11], blending flour for injera
making is possible with a minimum cost.

For instance, barley flour combined with teff flour can be
used to make low cost, nutrient dense injera, thereby
positively influencing food and nutritional problems [12].
Potato flour can be introduced to different food types to
improve texture and moisture retention. The blending of
potato and cereal flours is reasonable in formulation of the
food product system. For instance, combining potato and
wheat flours lowers the price of importing wheat and boosts
the use of crops grown nearby [13].

To sum up, blending of flour and starchy root crops may
improve the different physicochemical properties and
functional properties of baked food products. Moreover,
barley and potato are also highly nutritious and very important
in alleviating food nutritional problems [14]. However, the
practice of mixing cereals with potato flour to make injera is
not very common, and there hasn't been much scientific study
done on the characteristics of sorghum-barley-potato
composite flour up to this point. In order to create and
describe the physicochemical and functional qualities as well
as the mineral contents of sorghum-barley-potato composite
flours that are blended at varied ratios, this study was done.
The sorghum (muyra2), barley (golden eye), and potato
(bubbu) were considered for experimental analysis.

1.2. Objective

1.2.1. General Objective

The formulation and characterization of composite flours of
sorghum (muyra?2), barley (golden eye) and potato (bubbu) for

40

production of baked bread, which have been consumed in
Hararghe, Oromia Region, Ethiopia.

1.2.2. Specific Objective

1. To quantify physicochemical and functional properties
of sorghum, barley, and potato flours.

2. To determine mineral
sorghum-barley-potato composite.

contents of

2. Materials and Methods

2.1. Experimental Site

The experimental works such as functional properties,
mineral  contents,  physico-chemical  properties  of
sorghum-barley-potato composite flours were conducted at
Department of Food Science and Post-harvest Technology
Laboratory, Haramaya University. Crude protein, crude fat
and fiber analysis was carried out at Animal Nutrition
Laboratory, School of Animal Science, Haramaya University.

2.2. Experimental Material

Twenty five kilograms of fresh potato (bubbu) varieties,
which was released in 2001, and twelve kilograms of sorghum
grain (muyra2) variety, which was released in 2000, was
collected from Haramaya University Agricultural Research
Center (HUARC). Six kilograms of barley grain, (golden eye)
varieties, which was released in 2012, collected from Fadis
Agricultural Research Center (FARC).

2.3. The Equipment and Chemicals Used for
Experiments

The equipment were used such as desiccator, oven drying,
beaker, stirrer, measurement balance, muffle furnace, grinder,
blender, tongue, fork, crucible glove, filter paper etc. the
chemicals were used such as HCI, H2SQO3, ether, petroleum
ether, hexane, Ortho-phosphoric acid, NaOH, KOH,
lanthanum solution, boric acid, sunflower oil.

2.4. Experimental Plan

The experiments were conducted in single factors
factorial design of multiple levels. Blending ratios (B) had
four levels which were denoted by (B0, B1, B2, and B3).
The 100% of sorghum flour was used as a control unit and
denoted by BO. The experimental treatment was carried out
in triplicate.
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Table 1. Experimental plan.

Treatments
Blending Ratios

1 2 3
BO B0O1 B02 B03
B1 B11 B12 B13
B2 B21 B22 B23
B3 B31 B32 B33

Where:

B1 = Blending Ratio of 80:15:5 of sorghum, barley, and potato,
respectively
B2 = Blending Ratio of 70:20:10 of sorghum, barley, and potato,
respectively
B3 = Blending ratio of 50:25:25 of sorghum, barley, and potato,
respectively.

2.5. Preparation of Sample

2.5.1. Sorghum Flour

The preparation of sorghum flour was done in a public
milling house which was found in Bate. Ten kilograms (12 kg)
of Sorghum grains (Muyra2 varieties) were cleaned by
methods of dry cleaning to get rid of rocks and other
extraneous objects. Then, it got wet in clean water to remove
unwanted material, which was not eliminated by dry cleaning
methods. After that, it was dried in the sun for 30 min. A disc

mill was used to grind the dry and weighed sorghum into flour.

Before milling the actual sample, 2 kg of sorghum grain was
milled to remove remnants of previous flour from the flour
mill to prevent contamination. Before being used for
additional processing and analysis, the flour sample was
sealed, placed in polyethylene bags, and kept at room
temperature (25 <C) [15].

2.5.2. Preparation of Barley Flour

The preliminary preparation of barley grain was
traditionally performed. The whole barley grain (golden eye
variety) was assessed for any kind of defects and overall
quality to the experimental analysis. Barley grain, which is
free from defects and fulfills requirements for experimental
work, was cleaned to remove unwanted material. This was
done by a dry cleaning method followed by wet cleaning.
Then, cleaned barley grain was conditioned or tempered for
about 4 hours to 16% of moisture content. Then it was
traditionally decorticated by a mortar and pestle to remove the
hulls from the barley kernel. After that, drying was done by
sun drying for about 45 min and separation of barley kernel
from hull was done by winnowing. The prepared barley kernel
was milled by a disc mill. For additional processing and
experimental investigation, barley flour was sealed in
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polyethylene bags and kept at room temperature [16].

2.5.3. Preparation of Potato Flour

Twenty five kilograms (25 kg) of potato tuber (bubbu
variety) was selected for the experiment, and the basic flour
processing were: cleaning/sorting, peeling, slicing, blanching,
cooling, drying, crushing/milling and screening of final flours
[17].

2.6. Proximate Analysis of Flours of Sorghum,
Barley, Potato and Composite Injera and
Total Energy

2.6.1. Moisture Content

w2-w3
w1

Moisture Content (%) = ( ) * 100 (1)

The prepared flour's level of moisture was determined
based on [18] official method 925.09. The empty moisture test
dish was weighed (W1). After being weighed (W2), the
sample was dried for approximately six hours at 60 <C before
being chilled in a desiccator to room temperature. The test
dish and dried sample were weighed and represented by Wa3.
The proportion of moisture in the flour’s was then calculated
as follows:

Where W1 represents the mass of the dish, W2 represents
the mass of the sample and container, and W3 represents the
mass of the sample and container upon drying (g).

2.6.2. Crude Fat

The crude fat in the flour sample was evaluated by the
soxhlet method of extraction following the procedures of [18]
official method 979.09. Before being siphoned and returned to
the boiling flask, the hexane solvent was poured to the
extraction chamber and completely encircled the sample.
These were done for 5-10 min. The soxhlet, extraction
thimble, extraction chamber and desiccators are all equipment
used for overall fat extraction [19]. After being cleaned and
dried, the extraction chamber was weighed (W1). The cotton
that was fat-free was coated. Another layer of fat-free cotton
was placed over the extraction thimble that held the 2 g of
sample (W), which had been weighed primarily. After that,
the thimble was put inside the extraction chamber, and the
extraction cylinder that had been cleaned and dried was taken
out of the desiccator and put into the flask holder. The
extraction cylinder was filled with roughly 50 mL of ether
before being placed into the heating plank. For almost four
hours, the extraction was conducted at 55<C. After being
separated, the extraction cylinder was dried in an oven set to
70<C for roughly half an hour. After that, it was put in a
desiccator to chill for roughly half an hour. The extraction
cylinder was finally taken out of the desiccator and weighed
(W2). The crude fat percentage was computed as follows:
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w2-wi
w

Crude Fat (%) = ( ) x 100 @)

Where: W1 is the extraction cylinder's weight (g), W2 is the
extraction cylinder's weight plus the weight of the dried crude
fat (g), and W is the sample's weight in (g).

2.6.3. Crude Protein

The amount of protein was calculated using [18] official
method 979.09. After weighing 0.5 g of the sample, 6 mL of
an acid combination (5 percent concentrated
Orthophosphoric acid and 95 percent sulfuric acid) was
added to each digestion tube and thoroughly mixed. After
that, 3.5 mL of 30% hydrogen peroxide was added until
violet reactions were observed. Each tube was filled with 3
g of the catalyst combination (0.5 g of ground selenium and
100 g of potassium sulfate), which was left for roughly 10
minutes prior to digestion. After four hours, the digestion
was carried out until a clear solution was achieved. By
adding 25 mL of di-ionized water, the precipitation of
sulfate in solution was prevented. Using 2% boric acid and
40% NaOH, the sample solution was digested and diluted
before being distilled. After that, 0.1N HCI acid was used
to titrate the distillate until a reddish hue developed. Crude
protein's nitrogen value was calculated as follows:

Nitrogen (%) = (%{EHCH)

X 14 x 100 ©)

Where: VHCI = Volume of HCI; WO = Weight of sample

Protein % = 6.25x %Nitrogen (@)

2.6.4. Ash Content

The ash content was determined based on [18], the official
approach 923.03. After being cleaned with distilled water, the
dried porcelain crucible was put in a muffle furnace set to 550
degrees Celsius and burned for around 30 minutes. After that, the
crucible was left to cool at ambient temperature for almost half

2.6.6. Utilizable Carbohydrate

The amount of usable carbohydrate was calculated as follows:

%Utilizable Carbohydrate= 100% - (%Moisture + %Protein + %Fat + %Crude Fiber + %Ash)

2.6.7. Total Energy Content

an hour. Following the weighing of the crucible (M1), the cooled
crucible, and three grams of sample (M2), the sample was
completely burned in a fume hood until smoking stopped. The
sample spent almost four hours at 550 degrees Celsius in a
muffle furnace. Then, it was cooled for about 1 hour and
weighed (M3).

M3-M1
M2-M1

Total Ash (%) = ( )x 100 (5)

Where (M2-M1) is the sample weight on a dry basis and
(M3-M1) is the ash weight.

2.6.5. Crude Fiber Analysis

The analysis of crude fiber content was conducted using
the standard method of [18]. A new sample weighing 3 g
(W1) was put into a 700 mL beaker. After adding roughly
200 mL of 1.25 percent H2S04, it simmered for about half
an hour. After adding roughly 20 mL of 20% KOH, the
mixture was cooked for an additional 30 minutes. The
residue in the crucible was cleaned with hot distilled water
and then filtered twice. The residue was filtered once more
after being cleaned with 1% H2S04 and then rinsed with 1%
KOH. Lastly, water-free acetone was used to wash the
residue. After being dried for approximately two hours at
130 degrees Celsius in an oven dryer, the crucible
containing the sample was cooled for approximately half an
hour in a desiccator before being weighed (W2). After
being heated to 550 degrees Celsius for approximately 30
minutes in a muffle furnace, the crucible was cooled in a
desiccator and its contents were weighed (W3). This is how
the crude fiber was calculated.

wW3-w2

Fiber content (%)= (T) X 100 (6)

Where: The weight of the crucible containing the sample
after oven drying is W2, the weight of the crucible containing
the sample after ashing is W3, and W1 is the weight of the
fresh sample.

U]

The conversion of 4, 9, and 4 kcal per gram of crude protein, crude fat, and carbohydrate, respectively, yielded the total energy

[20].

Total Energy (Kcal/100g) =[9 * %Fat + 4 = %Protein + 4 * %Carbohydrate]
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2.7. Mineral Contents

2.7.1. lron

Iron was evaluated by the Atomic absorption
spectrophotometer method [21]. After being pre-ignited at
550<C, the crucible was cooled in a desiccator. The weight of
each crucible was recorded after the empty crucible was
weighed and coded with a number. After weighing, roughly 3
g of the material was put into a crucible. The sample in a
crucible was heated at 550 <C in a muffle furnace for
approximately four hours, or until ashing developed. After
cooling in a desiccator, the crucible and ash were weighed
together, and the outcome was once more noted. Five
milliliters of diluted 0.1M HCI were used to dissolve the ash.
After that, the solution was transferred to a volumetric flask
using premium filter paper. After being re-dissolved in 20
milliliters of 1M HCI, the residue was filtered into 100
milliliter volumetric flasks. Then it was read by the Atomic
absorption spectrophotometer (510 nm). Iron content was
computed as:

©)

mg) CXDFX10

Iron Content (— =

100) Sample massing(db.)

Where C stands for sample concentration in parts per
million, DF for dilution factor, and 10 for conversion factor
when evaluating 10 milliliters out of 100 milliliters.

2.7.2.Zinc

The same procedure to iron analysis was followed. Zinc
content was computed as:

. —Cb
Zink(ppm) (%) = Lo

(10)

Where: Cs = Concentration of analyte, Cb = Concentration
of blank, V = Initial volume (100 ml), D = Dilution factor and
S = Mass of the sample (g)

2.7.3. Calcium

The same procedure to Iron was followed.

Sample was weighed and charred on a hot plate, and then it
was ashed. The sample was cooled and a few drops of strong
HCI were added if ashing could not be finished. The sample
was dried and re-ashed again. After that, 5 mL of strong HCI
was used to break it up and dissolve it. Using a steam bath, the
solution was cooked and then evaporated. After dissolving the
residue in HCI once more, the mixture was filtered into a
volumetric flask. After washing, the paper and residue were
diluted to the 100 mL threshold. A stock solution of
lanthanum (La) was added. Next, a typical calcium solution
was made. Lastly, an absorption spectrophotometer was used
to measure the absorbance of the sample and the standard
solution at 422.1 nm. Calcium content was computed as:
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Calcium (ppm) (%) - w

(11)

Where Cs is the concentration of the analyte, Cb is the
blank's concentration, initial volume, D is the dilution factor,
and S is the sample's mass (g).

2.8. Determination of Physical Properties of
Flours

2.8.1. Particle Size Distribution

After being weighed, the flour samples were put in series to
the top sieve (500 pm, 300 pm, 250 pm, 150 pm, and 125 pm).
About fifteen minutes were spent shaking the column. At the
end of shaking, material on each of the sieves were weighed
[22]. The percentage of sample retained on the sieve was
computed as:

Wsieve
W total

x 100
(12)

Percentage of sample retained (%) =

Where: Wsieve = Weight of the sample retained on the
sieve, Wtotal = Total weight of the sample

The percentage the sample was passed through the sieve
was computed as:

Percentage of passed flour = 100% - Percentage of sample
retained on the sieve.

2.8.2. Bulk Density

The empty test tube was weighed (W1) and its volume (V)
was known. The sample was added to the test tube and tapped
until constant volume was obtained [23]. Finally, the test tube
plus tapped sample was weighed together for each sample
(W2). Then bulk densities were computed as:

w2-w1i
14

Bulk Density (g/9)= (13)
Where: W1 = Weight of empty test tube, W2 = Weight of
sample plus test tube, VV = Volume of test tube

2.8.3. Angle of Repose

Using one end, a cylinder with both ends open was set on a
level surface. The flour sample was filled into the cylinder.
The flour then slid down, creating a conical pile, while the
cylinder was gradually raised off the surface. Measurements
were made of the heap's diameter at the base and height at the
top [24]. The height and diameter of the heap's summit were
then measured and noted. The angle of repose was finally
calculated as follows:

Angle of repose (9po) = tan_l(%) (14)

Where d is the heap base's diameter and h is the heap's
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height.

2.9. Evaluation of the Functional
Characteristics of Blended Flours of
Sorghum, Barley, and Potato

2.9.1. Water Absorption Capacity

The empty test tube was coded and weighed and recorded
(W1). After being weighed, the 1 g sample was put into a test
tube (W2). The test tube was then filled with roughly 10 mL of
distilled water. After that, it shook for almost three minutes.
After it was shaken well, it was placed in centrifuges at 400
rpm in the centrifuge tube and stirred six times at 10 min time
intervals. After the sample was centrifuged the supernatant
was decanted then re-weighed (W3). Then, the percentage of
water absorption capacity was computed as follows [24].

WAC (%) = W « 100 (15)
Where W1 is the weight of the test tube when it is empty,

W2 is the weight of the sample, and W3 is the weight of the
residue in the centrifuged tube.

2.9.2. Oil Absorption Capacity

Oil absorption capacity was calculated using the procedure
outlined by [25]. The empty 25 mL centrifuge tube's weight
was determined (W1). In the centrifuge tube, 10 mL of oil was
mixed with 1 g of weighed flour (WO0). After swirling for
roughly five minutes, it was centrifuged for ten minutes at 400
rpm. The distinct oil was decanted as the supernatant. Lastly,
the sediment and centrifuge tube weights were noted (W2).
The following formula was used to determine the oil
absorption capability.

W2—(WO0+W1)
wo

0AC (%) = (16)

Where WO is the sample's weight, W1 is the empty
centrifuge tube's weight, and W2 is the empty centrifuge
tube's weight plus the sediment's weight.

2.9.3. Disperse Ability

After weighing roughly 10 g of the sample, it was put into a
100 mL measuring cylinder and filled to the brim with
distilled water. After stirring, it was left to settle for almost
two hours [26]. Ultimately, the ability to disseminate was
calculated as follows:
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Disperse ability= 100 ml - volume settled particle (17)

2.9.4. Swelling Power and Solubility

After weighing the 3 g sample, distilled water was poured
to the centrifuge tube. A glass rod was used to swirl the tube
while it was submerged in a hot water bath with a thermostat.
After being taken out and allowed to cool, the tube was
centrifuged. After being moved to a crucible, the supernatant
was evaporated over a steam bath and dried in an oven. The
crucible was then weighed in order to determine the swelling
power [27]. After the supernatant was dried, the weight
difference provided the weight of the soluble material, which
was then used to compute the percentage solubility, which is
the weight of the soluble material divided by the dry weight of
the starch. The power of swelling was calculated as follows:

Wet sediment weight

Power of Swelling (g/g)= Mass Flour sample (18)
The solubility of the material was given as:
Solubility (g/g) — Mass of soluble material (19)

Mass of flour sample

2.10. Statistical Analysis

Following data collection, SAS 9.1 software was used as a
statistical analysis tool to perform analysis of variance
(ANOVA) among the treatments. Mean values were used to
compare the data. All significant treatment effects in the
observed parameters (P = 0.05) were compared using LSD.
The analysis of the treatment was done in triplicate.

3. Results and Discussion

3.1. Physical Characteristics of Sorghum, Barley,
Potato and Blend Flours

3.1.1. Particle Size Distribution of Blended Flours

The distribution of particle sizes of sorghum, potato and
barley flour are presented in Table 2. The percentage of
particle size above 500 pm was very low and ranged from
0.66 to 0.80% of potato and sorghum flour, respectively with
the significant difference at (P<0.05) between them. Similar
trends prevailed in the sample above 300 pm particle size and
had significant differences. The scored result varied between
2.43 and 3.02% of potato and sorghum flour, respectively.
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Table 2. Distribution of particle size of sorghum, barley, and potato flour.

Particle size distribution of flours (%6)

Factor

500 pm 300pm 250pm 150pm 125pm
Sorghum 0.680.08% 3.0240.18° 15.2040.40°% 31.504.74° 49.88+2.10°
Barley 0.8040.02a 2.7320.17a 16.1040.27a 30.5240.85a 49.82+1.23a
Potato 0.6630.06a 2.4340.15ba 14.7240.40ba 28.35%2.87a 54.3242.68a
CV (%) 7.88 6.06 2.35 6.63 4.09
LSD 0.14 0.41 0.91 5.00 5.25

All values are mean =+ standard deviation. Means within column with different superscript are significantly different at P<0.05. Where: CV =

Coefficient of variation, LSD = Least significant difference.

For sorghum, barley, and potato flour, the percentage of
particles larger than 250 pm likewise showed a significant
difference (P<0.05). The values are ranged between 14.72 and
16.10% with the highest score for barley flour and lowest for
potato flour. The percentage of particle size ranged from 0.2-6.7%,
2.90-56.20% and 31.10-44.5% of 500, 250, and 125pm,
respectively, which is presented by [28] for teff flour. This
outcome was consistent with the current research. However, there
was no significant difference (P>0.05) in the percentage of
particles larger than 150 m between the sorghum, barley, and
potato flours. The sorghum, barley, and potato flour scores are
31.50, 30.52, and 28.35 percent, respectively. Likewise, the
fraction of particles larger than 150 pm did not differ significantly
(P>0.05). The recorded values are 49.88, 49.82, and 54.30% of
sorghum, barley, and potato flour respectively (Table 2).

The rate of water absorption during processing is influenced
by the flour's particle size; finer particles result in faster water
absorption [29]. Dough made with coarse flour was more rigid
and resistant to flow and deformation [30]. More particles are
held on the sieve during meshing because the smaller particle
size increases the surface area available for surface cohesive
forces to interact and friction to prevent flow [31].

3.1.2. Bulk Density of Flours

When deciding on the necessary packaging, handling
materials, and applications for wet processing in the food
business, bulk density is a crucial factor [32]. The bulk density
data for each flour type are shown in Table 3. The values for
barley, sorghum, and potato flour categories were 0.60, 0.81,
and 0.85 g/mL, respectively, indicating significant differences
(P<0.05). The potato's value exceeded the range of 0.66 to
0.72 g/ml as reported by [33] and in agreement with the 0.79
to 0.89 g/mL of early findings reported by [34]. The 0.60
g/mL for the barley found in this study was in agreement with
the 0.63 to 0.72 g/mL reported by [35].

The bulk densities of the composite flours were 0.71, 0.76,
and 0.79 g/ml for B1, B2, and B3, respectively. The latter two
were not significantly (P>0.05) different from each other but
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statistically higher than the former, probably because of more
percentage of potato in the mixture.

3.1.3. Angle of Repose

Table 3 displays the angle of repose data for each of the
three varieties of flour. The sorghum and potato flours' 38.74
and 38.24 degrees did not differ substantially (P>0.05),
although they are both much higher than the barley flour's
33.40 degree. The composite flours on the other hand
exhibited statistically different values with 28.63, 33.06, and
44.30 degrees for B1, B2 and B3 blending ratios, respectively.
According to earlier research, when the moisture content
increases, so does the flour's angle of repose [36].

Table 3. Angle of repose and bulk density of sorghum, barley, potato,
and blending flours.

Flour Type BD (g/mL) AR (9
Sorghum 0.8140.01° 38.7420.66°
Barley 0.609.01° 33.4040.41°
Potato 0.85+0.02° 38.2440.49°
Blending Ratio

Bl 0.7140.03 28.6310.87°
B2 0.7620.00™ 33.0640.74°
B3 0.79+0.01% 44.30+0.55%
CV (%) 2.10 1.63

LSD 0.04 1.75

All values are mean = standard deviation. Means within a column
with the different superscript letter are significantly different at
P<0.05. Where: CV = Coefficient of variation, LSD = Least
significant difference, BD = Bulk density, AR = Angle of repose B1,
B2, B3 = Blending ratios.
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3.2. Functional Properties of Sorghum, Barley,
Potato and Blend Flours

Table 4 displays the functional property values of the potato,
barley, and sorghum flours and their blends made for the study.
In order to correlate and measure the complicated relationship
between the structure, composition, physicochemical
characteristics, and molecular conformation of dietary
components with the type of surroundings, functional

properties are crucial physicochemical characteristics [35].

3.2.1. Water Absorption Capacity of Blended Flour

The flour's ability to retain water against gravity, including
physically trapped and bound water, is known as its water
absorption capacity [37]. It is crucial for product uniformity
and bulking in baking applications [38].

Table 4. Functional property of sorghum, barley, potato, and blended flour.

Flour Type WAC (g/g9) OAC (9/9) DA (%) SP (g/9)

Sorghum 2.0440.09 0.840.06% 67.170.76% 9.2340.21°
Barley 2.1940.06" 0.1320.05° 56.501.32" 11.1740.24°
Potato 2.1240.05 0.0920.05° 66.3341.53" 8.2440.25°
Blending Ratio
B1 2.4430.10° 0.95-0.04° 68.501.80° 9.5940.17°
B2 2.0940.03° 0.860.06° 69.3341.53" 9.6440.30°
B3 1.9840.04" 0.8020.04™ 68.501.50° 9.3740.33"
CV (%) 3.05 5.34 2.19 2.68

LSD 0.18 0.11° 3.96 0.70

All values are mean +standard deviation. Means within a column with the different superscript letter are significantly different at P<0.05.
Where: CV = Coefficient of variance, LSD = Least significant difference, BR = Blending ratio, WAC = Water absorption capacity, OAC = Oil

absorption capacity, DA = Disperse ability, SP = Swelling power.

The mouthfeel, texture, and consistency of flour products
are all influenced by WAC and OAC [39]. The water
absorption capacity data of sorghum, barley, potato flours and
their blends, are presented in Table 4. Statistically no
significant difference was observed for water absorption
capacity, among unblended flours and having values between
2.04 and 2.19 g/g. On the other hand, significant differences
were observed among the composite flours with the highest
value (2.44 g/g) being observed for samples with 80%
sorghum, 15% barley, and 5% potato level whereas the lowest
value (1.98 g/g) was observed for those with 50% sorghum,
25% each of the barley and potato blend. The flours used in
this study had water absorption capacities ranging from 1.33
to 2.00 g/g of fermented sorghum, cocoyam, and germinated
pigeon flours, which were comparable to previous results
reported by [38]. This result, also in line with previous
findings, ranged from 0.82 to 2.88 g/g which were recorded
for wheat and jering seed composite flours by [39]. The WAC
of blended flour was higher than that of sorghum flour; this
was due to decrease in fat content as barley-potato flour
mixture is increased as indicated in data of current work. The
fat is characterized by hydrophobic nature and so it’s one of
the factors which may affect the WAC of bakery food [40]. As
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a result, some meals, such as bakery goods, are made with
flour that has a high WAC. As a result, flour with a high WAC
may have more hydrophilic ingredients, like polysaccharides
[33].

3.2.2. Oil Absorption Capacity of Flours

The ability of flour to absorb oil is known as its oil
absorption capacity [41]. Food tastes may be better retained
by flour with a high OAC content. They can be utilized to
create food items with improved flavor and mouthfeel [42].
The oil absorption capacity of the flours exhibited significant
(P<0.05) differences with values of 0.84, 0.09 and 0.13 g/g for
sorghum, potato and barley, respectively. This could be
attributed to the natural composition of the flours. The
significant difference (P<0.05) were also seen in the OAC
values of the various levels of barley and potato mixes with
sorghum that are shown in Table 4. The range of the readings
was 0.09 to 0.95 g/g. The combined proportion of 80%
sorghum, 15% barley, and 5% potato flours produced the
highest value for B1, whereas the potato flour sample
produced the lowest value. In this study, the oil absorption
capacity of blended flour was comparable to that of teff-taro
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composite flour, which ranged from 0.9 to 1.45 g/g, which
previously reported by [43] and lower than value ranged from
1.87-2.08 g/g for composite flour, which presented by [44].
Similarly, it was lower than 1.33 to 2.80 g/g recorded for
blended, fermented sorghum and germinated pigeon flour
reported by [38].

The protein content of dietary materials and the lipophilic
nature of the granule surface of flours influence their
functional qualities. Food protein consists of hydrophilic and
hydrophobic parts and has an implication on oil absorption
capacity of flour [35, 44].

3.2.3. Disperse Ability

A measure of how easily flour can be reconstituted into a
fine-grained paste while being stirred is called disperse ability
[45]. The ability of flour to disperse particles in water is
another significant functional feature that can be used in a
variety of culinary preparations. The data of dispersive ability
of the flours considered in this study are presented in Table 4.
The flours of pure sorghum and potato didn’t show statistical
difference (P>0.05) between them with values of 67.17 and
66.33%, both of which being significantly (P<0.05) greater
than the 56.50% of the barley flour. Comparable outcomes
were reported by [46], who showed that the dispersive-ability
for wheat, maize, yam, cassava and cocoyam flours were 71.1,
68.1, 65.00, 69.00, and 60.30%, respectively. No significant
difference (P>0.05) were noted among the blends of flours of
sorghum, potato and barley, all showing disperse ability
values of 68.50% for both of B1 and B3 as well as 69.33% for

3.3. Proximate Composition of Blended Flours

B2 of flour sample.

3.2.4. Swelling Power of Flour

Table 4 displays the flours' swelling power data. The
unblended flours' swelling powers ranged from 8.24 g/g of
potato flour to 9.23 g/g of sorghum and 11.17 g/g of barley
flour, with a significant difference (P<0.05). These findings
were more than the 2.57 to 5.75 g/g and 2.58 to 5.82 g/g
measurements for white water yam and yellow yam flours,
respectively, that were published by [47]. In contrast, the
swelling power value in this work ranges from 8.24 to 11.17
g/g. This was consistent with earlier research findings that
showed a range of 5.7 to 23.5 g/g, as reported by [48].
However, no significant difference was observed due to the
blending ratio with values being between 9.37 and 9.64 g/g.

The capacity of starch to immobilize water and swells is
known as swelling power [49]. Because it indicates the
strength of the associative forces inside the flour of granules,
the swelling power of flours affects food preparation [50]. The
outer membranes of the starch granules in the flour rupture
during the milling process and expand up in the form of a gel
by absorbing water, which could be the cause of the increase
in swelling power. The degree of crystalline packing of the
starch granules in the flour is indicated by the swelling pattern
[51]. In conclusion, dietary components including
carbohydrate, fat, protein, ash, and fiber, as well as other
additives like sugar and alcohol, always affect the functional
qualities of flours and foods [52].

Table 5. Proximate composition and total energy of blended flours.

Total Energy

BR MC (wb%) Fat (%) CP (%) CF (%) Ash (%) CHO (%) (kcal/100g)
B1 11.9940.27° 3.0640.19°  16.2740.25°  598+0.43"  177#0.04®  60.9420.59°  336.3443.33"
B2 12.6340.16" 2.9440.06°  15.7740.25° 5934037 1.8410.16° 60.9040.81°  333.10+2.85°
B3 12.7540.28" 2724028  15.33050°  547+050°  2.1440.02° 61.59+1.07°  332.16+.50°
CV (%) 267 5.87 2.39 6.12 5.90 1.07 0.66

LSD 0.86 0.40 0.93 0.94 0.29 1.89 6.12

All values are in mean £standard deviation. Means with in a column with the different superscript letter are significantly different at P<0.05.
Where: CV = Coefficient of variance, LSD = Least significant difference; B1, B2, B3 = Blending ratios, MC = Moisture content, wbh = Wet
basis, CP = Crude protein, CF = Crude fiber, CHO = Utilizable carbohydrate.

Table 5 displays the proximate composition information for
the three flours and their blends. Table 5 also shows that there
were no significant (P>0.05) variations in the moisture
content of the blended flours. For B1, B2, and B3, the
moisture content values were 11.99%, 12.63, and 12.75
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percent, respectively. The recorded data ranged between 11.99
and 12.75%. The previous result of moisture content (11.64%)
of barley flour, which reported by [53] was in range of current
study. The current result also in line with values ranged from
6.63-15.98% of earlier findings for potato, rice, cassava and
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soybean flours, which was reported by [44] and higher than
(4.48%) of early study for potato flour, reported by [54]. The
high moisture content of the potato flour seemed to have
contributed to the blends' increased moisture content.

The crude fat content of blending flours was no significant
(P>0.05) difference (Table 5). The recorded data 3.06, 2.94,
and 2.72% were observed for B1, B2, and B3. This value is
between 2.72 and 3.06%. The result of earlier findings ranged
from 1.63 to 1.79%, for sorghum flour, which reported by [55]
was lower than that of the current study. It was a close range
with the value ranging from 4.42 to 4.56% of sorghum flour
which were reported by [56]. It observed that the high crude
fat of the sorghum flour has played a role in raising those of
the blends.

Similarly, there was no significant difference (P>0.05) in
crude protein of blended flours (Table 5). The results ranged
from 15.33 to 16.27%. These results were higher than the
earlier work, ranging from 4.54 to 13.70%, those reported by
[44] for potato, rice, cassava and soybean flour; as well as
value ranged from 5.87 to 7.66% for potato varieties, which
reported by [57]. The current study also indicated that the
protein content, which was observed in blended flour, was
higher than that of previous results, reported by different
authors for sorghum flour.

Regarding the crude fiber no significant difference (P>0.05)
was found between blended flour (Table 5). For B1, B2, and
B3, the fiber level of the blended flour was 5.98, 5.93, and
5.47 percent, respectively. The obtained results in the current
study were higher than values ranging from 3.48 to 4.48% of
earlier work as reported by [54]. A higher fiber content does
help flours retain and cling onto water better [52].

There was no significant difference (P>0.05) in the blended
flours' ash content data (Table 5). The present investigation
yielded data that varied between 1.77 and 2.14 percent. The
previous result values 1.89% of ash content observed in
sorghum flour was in range of current work, which reported
by [56]. The increased percentage of barley and potato flour in
the composite flours has contributed to lift the ash levels.
These values were lower than the 2.50 to 3.00% observed for
teff-barley composite flour, which was reported by [58].

Table 5 indicates that there were no significant (P>0.05)
variations in the blended flour's carbohydrate content. For B1,
B2, and B3, the recorded data values were 60.94, 60.90, and
61.59 percent, respectively. The carbohydrate content in this
work is varied from 60.90 to 61.59%. These results were
lower than the results of earlier work, 82.71% of sorghum
flour, which was reported by [56]. Because blended flour has
a high protein level, it may have a lower carbohydrate content
in this study.

In regard to energy content there was no significant
difference (P>0.05) between blended flour (Table 5). The
composite flours had values of 336.34, 333.10, and 332.16
Kcal/100g recorded for B1, B2, and B3, respectively with no
statistical difference between them. The results of the current
study for energy content was higher than the results of earlier
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work ranged from 330.99 to 344.73 Kcal/100g, which was
reported by [54] for blanched potato flour. However, it was
lower than the value that ranged from 337.85 to 375.57
Kcal/100g, which was presented by [59] for finger millet,
soybean, and sweet potato composite flour.

3.4. Mineral Contents of Sorghum, Barley,
Potato and Blend Flours

Table 6 shows the mineral content of flours of sorghum
(muyra2), barley (golden eye), potato (bubbu), and their
mixtures. The results indicated that the zinc contents of B1,
B2, and B3 were 5.42, 5.88, and 4.91 mg/100g, respectively,
with no significant difference (P>0.05). The range in this
investigation was greater than the teff flour value of 1.47
mg/100g provided by [60] and comparable with (4.72
mg/100g), which was reported by [59] for barley flour.

Table 6 also shows, there was significant difference
(P<0.05) in calcium content of blended flour. The obtained
result ranged from 8.64 to 11.68 mg/100g. The value 30.00
mg/100g of calcium content for sorghum flour, which was
presented in previous work as reported [61] was higher than
that of current study. On the other hand, the range of current
result is higher in calcium content than 3.36 to 4.14 mg/100g,
which is reported by [55] for sorghum flour. This shows that
the calcium content observed in blended flour of current data
was preferable and acceptable for injera making (Table 6).

Additionally, the iron content of the blended flour showed
no significant variation (P>0.05), with an intermediate value
of 11.78 mg/100g of B3. Table 6 shows that the value is
between 11.78 and 14.59 mg/100g. The range of current study
was higher than 6.29 mg/100g of iron content of barley flour,
which was reported by [53].

Table 6. Mineral contents of sorghum, barley, potato, and blending
flour (mg/100g).

Minerals
Factor

Zn ca** Fe®*
B1 5.4240.20° 8.64+0.35" 14.59+1.23°
B2 5.8840.84% 9.1740.48" 11.9241 .63
B3 4.9140.16% 11.6840.26° 11.78+1.01%
CV (%) 8.08 3.68 7.62
LSD 2.07 1.53 2.70

All values are mean =*standard deviation. Values within the same
column with different superscript letters are significantly different
from each other at P<0.05. Where: CV = Coefficient of variance,
LSD = Least significant difference, Zn = Zinc, Ca®* = Calcium, Fe**
= Iron, B1, B2, B3 = Blending ratios.
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4. Summary, Conclusions and
Recommendations

4.1. Summary

In this study, blended flours made from sorghum, barley,
and potatoes were examined for their proximate composition,
mineral content, functional characteristics, particle size
distribution, angle of repose, and bulk density.

Three blending ratios of sorghum-barley-potato were B1,
B2, and B3 (80:15:5, 70:20:10, and 50:25:25, respectively
were considered for the study. 100% sorghum flour served as
the control unit.

The bulk density and angle of repose of sorghum, barley,
and potato flour, as well as their combined flour, were 0.60 to
0.85 g/ml and 28.63 to 44.30 degrees, respectively, as well as
particle size distribution of flours in percentage of retained
was increased from (0.66- 0.80%) to (49.82-49.88%) as mesh
size decreased from 500 pm to 125 pm, respectively. The
functional characteristics of composite flours that were
examined included solubility, swelling power, disperse ability,
and the ability to absorb water and oil. The highest value (2.44
g/g) and lowest value (1.98 g/g) of water absorption capacity
were observed in B1 (80% sorghum, 15% barley, and 5%
potato flours), and B3 (50% sorghum, 25% barley and 25%
potato flours), respectively. The oil absorption capacity
ranged between 0.09 and 0.95 g/g were obtained in potato and
B1 flours, respectively. Regarding swelling power, the highest
value (11.17 g/g) and lowest value (8.24 g/g) were recorded
for barley and potato flours, respectively. The disperse ability
of flours ranged between 56.50 and 69.33% were taken for
barley and B2 flours, respectively with no statistical
difference between blending flours

The proximate composition of flours were 8.79-13.43%
moisture, 0.97-3.76% fat, 4.69-17.60% crude protein,
4.00-6.28% crude fiber, 1.40-2.14% ash, 59.79-79.42%
carbohydrate, and 318.16-350.91 Kcal/100g total energy
content. Similarly, the physical properties of sorghum, barley,
potato and their blending flours such as bulk density and angle
of repose were 0.60-0.85 g/ml and 28.63-44.30 degree,
respectively. For flours containing minerals including iron,
calcium, and zinc, the scores were 3.19 - 6.34 mg/100g,
7.34-38.90 mg/100g, and 7.43-16.87 mg/100g, respectively.

4, 2. Conclusions

The combination of flours of sorghum, barley and potato
were practicable for the improvements of nutritional and
functional properties of baked food, which has been highly
consumed in Hararghe, Oromia Region, Ethiopia. However,
there was a limited scientific study done on this blended flour
and its food product. The current study has done on the
formulation and characterization of sorghum-barley-potato
blended flour so as to improve the nutritional quality besides
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other food quality of sorghum based injera. The sorghum,
barley, and potato flour was used as ingredients. The physical
properties were analyzed in current work and recorded data
showed that they were improved when compared with that of
sorghum flour, which was recorded in earlier work. Similarly,
functional properties, proximate composition, and mineral
contents of blended flour were increased when compared with
the results of previous work scored for similar parameters in
sorghum flour. However, crude fat, CHO, and calcium content
of blended flour in current work were lower than that of
control samples of earlier work. The blending ratio of B3 was
the best combination, when compared with the control sample
because both nutritional and mineral contents were improved.
The limitation of this study was the shortage of experimental
instruments and the laboratory equipment with old versions as
well as the current condition in the country were the major
constraint while performing this research.

4.3. Recommendations

Study storage condition, shelf life, selection of packaging
material, which enable good handling and sauce absorption
index of sorghum-barley-potato composite flour is
recommended for the coming studies.

Since they were not included in this paper, more research
should be done to assess the blended flour's pasting qualities
as well as its anti-nutrient content, such as its oxalate level.
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