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Abstract
Effect of malting on quality characteristics of wheat-malted sorghum-soybean composite flour was investigated. Composite flours from wheat, malted sorghum and
soybean flour were made in the ratios: 85%:10%:5% (WSS1); 80%:15%:5% (WSS2)
and 75%:20%:5% (WSS3). Whole sorghum flour (WSF) 100% served as control. Protein content of the composite flours ranged from 11.78% to 11.98%. Malted sorghum
improved the protein content of the flour at substitution level greater than 10%. At
20% substitution with malted sorghum, crude fibre (1.98%) and total ash contents
(3.96%) increased significantly suggesting a good source of minerals. Bulk density
(0.86 g/ml), Water absorption capacity (1.67%) of the composite flours were not significantly different (p ≤ 0.05), but different from control (1.07%). Oil absorption
ranged from 0.95% to 1.68%, and swelling capacity from 3.33 to 9.17 ml/g. Least gelation concentration ranged from 4.67% to 9.33%. Cyanide content (1.38 mg/g) was
lowest in WSF. At 15% malted sorghum substitution phytate (1.14 mg/g) was lowest.
Final viscosity ranged from 243.0 to 297.50 RVU, set back from 34.83 to 75.01 RVU,
pasting temperature from 72.77˚C to 80.49˚C, and peak time from 4.10 to 5.46 min
increased with increasing level of substitution. Peak viscosity (281.00 - 434.92 RVU),
holding strength (164.41 - 221.06 RVU) and breakdown (59.25 - 221. 06 RVU) decreased with increase in substitution. Malting improves the nutrient quality of
wheat-malted sorghum-soybean composite flour. Composite flour with up to 20%
malted sorghum substitution could find application in confectionary industries.
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1. Introduction
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posite flour technology of choice in conserving losses due to foreign exchange. Wheat
flour (Triticum aestivum) is a flour of choice in confectionary industries due to the
component gluten. Gluten (prolamin and glutenins) is responsible for the desirable
rheological properties in confectionaries. Wheat is not typical to West Africa; it is imported to meet the ever increasing demands. This in turns weakens the foreign reserves
of many countries when alternatives exist. Composite flour technology is a means to
reduce the menace of the over dependence on wheat flour in confectionary industries.
Composite flour refers to wheat that has been diluted with non-wheat materials like
cassava, maize and soybean [1]. In recent times, composite flours includes mixture of
flours from tubers rich in starch (e.g. cassava, potatoes, yam) and/or protein-rich flours
(soybean, ground nut) and/or cereals (maize, rice, millet, sorghum) with or without
wheat flour [2]. Composite flour technology encourages: the utilisation of less known,
underutilized crops, better supply of proteins for human nutrition, enhancement of
domestic agriculture and rural income [3]. Flours from gluten free crops have rheological properties that are useful during dough making [4].
Sorghum (Sorghum bicolor) is a gluten-free cereal grown in many African countries
primarily as food crop with less than 5% of the annual production commercially
processed by the industry [5]. Sorghum grain ranks third among the domesticated cereals for human consumption and forms a major staple in many African countries, India and China [6] [7]. It is the grain of choice in brewing African traditional beers.
Sorghum is composed of antinutrients which can inhibit the absorption of essential
minerals and proteins in the body. Processing treatments such as soaking, malting,
fermentation have been reported to inhibit antinutrients in cereals, legumes, roots and
tubers [8]. Efforts are currently geared towards enhancing the protein content of composite flours through supplementation with arrays of legumes.
Soybean (Glycine max) belongs to the family leguminosae and sub-family papillionnideae. It is a remarkable cheap source of plant protein for both animals and man and a
leading source of edible oils and fats [9] [10]. Soybean is nutritionally dense and rich in
phytochemicals, copper, zinc and manganese [11]. Daily consumption of soybean (30
and 50 g) can substitute for an equal amount of animal-based proteins, resulting in a
considerable reduction in harmful low density cholesterol with an increase in the beneficial [12]. According to [13] mixing of legumes with cereals can improve overall nutrition.
In the last two and half decades, considerable efforts have been made on the use of
composite flour for bread and baked products [7]. Bread production has been reported
from non-gluten cereals such as rye, maize [14], barley and oats, roots like cassava as
composite with wheat flour [15]. According to the report of [16] flour from indigenous
crops can give a quality and acceptable final products if flours are added in proportions
that will not affect its rheological properties negatively. To this end, attempts at partial
substitution of wheat flour with Maize, cocoyam, bread fruit and sorghum and high
protein seeds for use in confectionary industries have been investigated [17] [18]. The
potentials of wheat-based composite flours have been investigated with promising re1242
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sults showing that partial substitution may be possible [14] [19] [18]. Although, there
exist substantial amount of available composite flour technology for bread production,
such breads still require at least 70 percent wheat flour to obtain good products [20].
Hence, this study investigated the effect of malted sorghum substitution on quality
characteristics of composite flours from wheat, sorghum and soybean for potential use
in confectionaries.

2. Materials and Methods
Whole wheat (T. aestivum), white sorghum (S. bicolor) and soybean (G. max) grains
used for the study were obtained from Oba market in Akure, Ondo State, Nigeria, latitude 10˚N and 8˚E longitude. All reagent used in the study were of analytical grade.

2.1. Sample Preparation
2.1.1. Production of Malted Sorghum Flour
Malting was done according to the method described by [21] with a slight modification
as shown in Figure 1. Sorghum grains were sorted to remove foreign matter, soaked for
12 h in tap water (w/v; 1:2). Soaked grains were drained and sprouted by spreading out
on a covered jute bag. Water was sprinkled on it daily until sprouting began. After 24 h
of sprouting, sprouted sorghum was oven dried (Laboratory oven, DHG 9101.1SA) at
65˚C for 6 h, sprouts were removed on palm by abrasion. The dried malted sorghum

Figure 1. Production of whole wheat-malted sorghum-soybean composite flour.
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was milled into flour using an attrition mill (Atlas exclusive, Alzico Ltd. mill) and sieved
through a 250 mm standard mesh sieve, cooled and packaged for further analysis.
2.1.2. Production of Defatted Soybean Flour
Soybean grains were cleaned to remove foreign matter, soaked in water for half an
hour, dehulled and cooked for 45 min. Soybean grains were drained and dried in hot
air oven (Laboratory oven, DHG 9101.1SA) at 65˚C for 24 h. The dried grains were
milled in an attrition mill (Atlas exclusive, Alzico Ltd. mill) and defatted using soxhlet
apparatus. The defatted flour was sieved through a 250 mm mesh sieve and packaged
for further analysis.

2.2. Physicochemical Properties of Flour Blends
Determination of Proximate Composition of Flour Blends
Proximate composition of the blends was carried out using the method described by
[22]. Moisture, crude fat, crude ash, crude protein, crude fibre content and carbohydrates were calculated by difference. Water absorption capacity (WAC) and Oil absorption capacity (OAC) were determined using the method described by [23]. Least gelation was determined using the method of [24] while the Swelling capacity was determined using [25]. Pasting characteristics was determined using Rapid ViscoAnalyser.
Tannin was determined using [26], Phytate was determined using [27], Total cyanide
was determined using [22].

2.3. Statistical Analysis
Results were obtained in triplicate and subjected to analysis of variance (ANOVA) and
the means were separated by New Duncan’s Multiple Range Test (NDMRT) using the
Statistical Package for Social Sciences for Windows program version 10.

3. Results and Discussion
3.1. Proximate Composition of Whole Wheat-Malted
Sorghum-Soybean Flour
The proximate composition of the formulated composite flour is presented in Table 1.
The protein content ranged from 11.78% in WSF to 11.98% in WSS3. Protein content
increased with increasing malted sorghum flour substitution. However, there was no
significant difference between WSS2 and WSS3 samples. This finding corroborates the
observation of [28] on the substitution of flours with malted sorghum flour. Malting
leads to the degradation of higher molecular weight storage protein which may contribute to slight increase in protein content in malted products [29]. Crude fibre content
increased with increasing substitution with malted sorghum flour. Crude fibre ranged
from 1.80% - 1.98%, crude fibre content was highest in WSS3 (1.98%).
Crude fibre has been known to promote health as it aids digestion in human. Crude
fibre clears buildup of junks in the intestine and regulates bowel movement in humans
[30]. Numerous studies have shown that insoluble dietary fibre prevents constipation,
increase the mass and volume of feaces, accelerates intestinal peristalsis and has an in1244
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Table 1. Proximate composition of whole wheat-malted sorghum-soybean composite flour.
Proximate composition

Samples
WSF

WSS1

WSS2

WSS3

Ash (%)

3.48 ± 0.02c

3.01 ± 0.03d

3.82 ± 0.01b

3.96 ± 0.01a

Protein (%)

11.78 ± 0.14c

11.86 ± 0.12b

11.92 ± 0.10a

11.98 ± 0.12a

CHO (%)

69.09 ± 0.39a

67.39 ± 0.35b

63.93 ± 0.18c

61.77 ± 0.16d

Fat (%)

3.15 ± 0.68d

4.81 ± 0.33a

4.31 ± 0.09b

4.14 ± 0.11c

Fibre (%)

1.86 ± 0.01b

1.80 ± 0.01d

1.83 ± 0.01c

1.98 ± 0.00d

M.C. (%)

11 02 ± 0.17d

11.13 ± 0.01c

11.20 ± 0.01b

11.31 ± 0.01a

Values represent mean ± standard error of triplicate determinations and values with same superscript along the
column are not significantly different (p ≤ 0.05). Keys: WSF = Control (100% Sorghum Flour), WSS1 = 85% Wheat
Flour/10% Malted Sorghum Flour/5% Soybean Flour, WSS2 = 80% Wheat Flour/15% Malted Sorghum Flour/5%
Soybean Flour, WSS3 = 75% Wheat Flour/20% Malted Sorghum Flour/5% Soybean Flour, M.C. = Moisture Content,
CHO = Carbohydrate content.

hibitory effect on the development of tumors in the large intestine [31] [32] [33]. Fat
content ranged from 3.15% - 4.81% and fat content was highest in WSS1. Fat decreased
with increased malted sorghum flour substitution. Substitution with malted sorghum
flour influences the crude ash content of WSS1 (3.01%), WSS2 (3.82%) and WSS3
(3.96%) compared to the control sample (3.48%). As the substitution increased, there
was significant increase in the ash content of composite flours developed. The ash content obtained was higher than that reported by [34] [35]. Increased ash content implies
that samples are rich sources of organic nutrients [36]. Malted sorghum flour could
form part of a composite flour with rich minerals content that could be useful in the
development of food product that is laden with potentials for the management of micronutrient deficiency.
Moisture content of samples ranged from 11.02% - 11.31%, it increased with increasing proportion of malted sorghum flour substitution. High moisture content is
undesirable in flours. High moisture in foods could enhance the activities of spoilage
microorganisms which in turns reduces quality and shelf life of food products. Carbohydrate content ranged from 61.77% - 69.09% with the highest value in WSF. There
was a decrease in the carbohydrate content as the level of malted sorghum flour substitution increased.

3.2. Functional Properties of Whole wheat-Malted
Sorghum-Soybean Composite Flour
The functional properties of an agricultural commodity describe its potentials as ingredients in the production of value added food products. These properties are influenced
by many factors [37]. The functional properties of whole wheat-malted sorghum-soybean flours are presented in Figure 2. Particle size of a material is inversely related to
its bulk density [38].
The packed (0.86 ± 0.01 g/g) and loosed bulked densities (0.48 ± 0.00 g/g) of the
composite flours were not significantly different. Low bulk density is desirable in com1245
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Keys: Packed B.D = Packed Bulk Density, Loosed B.D = Loose Bulk Density, L.G.C = Least Gelation Concentration, WAC = Water Absorption Capacity, OAC= Oil Absorption Capacity, S.C = Swelling Capacity. WSF
= Control (100% Sorghum Flour), WSS1 = 85% Wheat Flour/10% Malted Sorghum Flour/5% Soybean Flour,
WSS2 = 80% Wheat Flour/15% Malted Sorghum Flour/5% Soybean Flour, WSS3 = 75% Wheat Flour / 20%
Malted Sorghum Flour/5% Soybean Flour.

Figure 2. Functional properties of whole wheat-malted sorghum-soybean composite flour.

plementary foods [39] where less quantity is required to meet nutritional requirement
of consumers. Also, this could aid easy packing and transportation of food products.
The absorption of more water during mixing is a typical characteristic of composite
starches [40]. Water absorption capacity of the composite flours was not influenced by
increased substitution with malted sorghum flour. There was no significant difference
between WSS1, WSS2 and WSS3 however, significant difference exist between the
composite flours (1.67 ± 14.43 g/ml) and control (1.07 ± 28.87 g/ml). [41] reported that
water absorption capacity of maize was influenced by processing especially treatment
that could have effects on starch gelatinization. The low WAC in this study could be
due to the fact that malting does not influence starch gelatinisation. Lipid rich flour
could results in the decrease of water absorption capacity due to the fact that lipids
blocks the polar sites of proteins thus attenuating the absorption of water [23]. The water absorption capacity is indicative of the amount of water required to develop dough
consistency which makes the dough to rise when gluten is fully developed. The oil absorption capacity (OAC) of samples ranged from 0.95% - 1.68%. OAC was highest in
WSS2. Least gelation concentration (LGC) of the composites flours ranged from 6.67%
- 9.33%. LGC was highest in WSS3 (9.33%) while WSF (4.67%) was lowest. The LGC of
composite flours increased with increasing substitution with malted sorghum flour.
Samples showed less ability to form gel easily. Variation in gelling properties of flours
could be attributed to differences in constituents and denatured molecules of globulin
in flour samples [42]. Swelling capacity of the composite flour decreased with increasing substitution with malted sorghum flour. Low swelling capacity of the composite
flours may be due to processing (malting) which could result in the breakdown of
starch components-amylose and non-reducing sugar.

3.3. Anti-nutritional Composition of Whole Wheat-Malted
Sorghum-Soybean Composite Flours
The antinutritional content of whole wheat-malted sorghum-soybean composite flours
1246
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is presented in Table 2. Phytate of composite flours ranged from 1.14 - 1.9 mg/g, Oxalate (1.64 - 3.01 mg/g), Cyanide (2.02 - 5.45 mg/g) while Tannin (0.03 mg/g) was not
significantly different. Phytate contents of WSS1 (1.51 mg/g), WSS2 (1.74 mg) and
WSS3 (1.90 mg) were significantly different from the control (1.57 mg/g) at (P ≤ 0.05).
Phytate content of composites flour increased with increased substitution with malted
sorghum. Phytic acid binds trace elements and macro-elements such as zinc, calcium,
magnesium and iron making dietary minerals unavailable for absorption and utilisation
by the body [43] [44]. Tannin content of samples was not affected by degree of substitution with malted sorghum. Malting was ineffective in degrading antinutrient like
phytate, oxalate and cyanide in sorghum. However, phytate, tannin and oxalate contents were within the acceptable limit (80 mg/g) that is detrimental to health [45]. Tannins are capable of forming insoluble complexes with proteins which in turn reduce
protein digestibility [46] as a result of inactivation of digestive enzymes and interaction
of protein substrate with ionisable iron [47]. The cyanide content obtained for all the
samples were lower than the recommended safe level of 10 mg HCN/kg [48] [49] [50]
reported that soaking significantly reduces total cyanide content in fresh roots. A similar trend was observed in the malted sorghum flour. This reduction in cyanide content
could be due to the preliminary soaking of the grains prior to malting.

3.4. Pasting Properties of Whole Wheat-Malted Sorghum-Soybean Flour
The pasting characteristics of whole wheat-malted sorghum-soybean composite flour
are presented in Table 3. The peak viscosity is the maximum viscosity developed during or soon after the heating stage in the determination. According to [51] the maximum viscosity of starch suspension heated in an excess of water occur after most granule swelling had ceased resulting in increased viscosity. Higher swelling index is indicative of high peak viscosity while higher solubility is indicative of starch degradation
resulting in reduced paste viscosity [52]. The peak viscosity reduced with increasing
substitution of malted sorghum flour. The composite flours were significantly different
from the control except WSS3. The increase in the peak viscosity of composite flours
could be due to addition of malted sorghum flour which has undergone breakdown of
starches during the malting process.
Table 2. Anti-nutritional content of whole wheat-malted sorghum-soybean composite flours.
Sample

Antinutrients composition
Phytate (mg/g)

Oxalate (mg/g)

Tannin (mg/g)

Cyanide (mg/g)

WSF

1.57 ± 0.49

1.16 ± 0.05

0.03 ± 0.01

a

1.38 ± 0.01d

WSS1

1.51 ± 0.00c

1.64 ± 0.00c

0.03 ± 0.00a

2.02 ± 0.00c

WSS2

1.74 ± 0.00b

2.16 ± 0.00b

0.03 ± 0.00a

4.05 ± 0.00b

WSS3

1.9 ± 0.00a

3.01 ± 0.05a

0.03 ± 0.00a

5.45 ± 0.00a

d

d

Values represent mean ± standard error of triplicate determinations and values with same superscript along the
column are not significantly different (p ≤ 0.05). Keys: WSF = Control (100% Sorghum Flour), WSS1 = 85% Wheat
Flour/10% Malted Sorghum Flour/5% Soybean Flour, WSS2 = 80% Wheat Flour/15% Malted Sorghum Flour/5%
Soybean Flour, WSS3 = 75% Wheat Flour/20% Malted Sorghum Flour/5% Soybean Flour.
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Table 3. Pasting properties of whole wheat-malted sorghum-soybean composite flours.
Sample

Pasting characteristics
WSF

WSS1

WSS2

WSS3

Peak Viscosity (RVU)

298.82c

434.92a

316.92b

281.00c

Holding Strength (RVU)

168.41c

213.25a

187.50a

168.41c

Breakdown Viscosity (RVU)

22.06

130.29

221.09

59.25c

Final Viscosity (RVU)

243.00d

263.83b

253.67c

297.50a

Setback Viscosity (RVU)

34.83d

50.55c

66.41b

75.00a

Pasting Temp. (˚C)

72.77

75.25

80.22

80.49a

Peak Time (min)

4.10d

a

b

b

b

4.55c

a

a

2.09b

5.46a

Values represent mean ± standard error of triplicate determinations and values with same superscript along the
column are not significantly different (p ≤ 0.05). Keys: WSF = Control (100% Sorghum Flour), WSS1 = 85% Wheat
Flour/10% Malted Sorghum Flour/5% Soybean Flour, WSS2 = 80% Wheat Flour/15% Malted Sorghum Flour/5%
Soybean Flour, WSS3 = 75% Wheat Flour/20% Malted Sorghum Flour/5% Soybean Flour.

The holding strength of composite flour is the minimum viscosity after the peak is
reached [53]. The highest holding strength was obtained in WSS1 (213.25 RVU) and
lowest in WSF and WSS3 (168.41 RVU). Holding strength of composites flours decreased with increasing substitution with malted sorghum flour. This findings corroborate that of [51] on breadfruit flour. Breakdown viscosity increased with malted
sorghum flour substitution up to 15%. Breakdown viscosity in WSF, WSS1 and WSS2
were 221.06 RVU, 130.29 and 129.66 RVU respectively. WSS3 had the lowest (59.29
RVU) breakdown viscosity implying high paste stability. The smaller the breakdown
viscosity, the higher the paste stability [51]. Formation of gel is indicative of increase
viscosity. Final viscosity of the composite flours increased with increased substitution
with malted sorghum flour. WSS3 composite flour formed better gel than other samples. The setback viscosity was highest in WSS3 (75.00 RVA) and lowest in WSF (34.83
RVA). Setback value of composite flours increased with increasing substitution with
malted sorghum flour. Setback is the phase of the pasting curve after cooling to 50˚C.
Setback shows the tendency of starches to re-associate, retrograde or re-order its molecules [51]. High setback is associated with syneresis, or weeping. The peak time of the
composite flour blends increased with an increase in the degree of substitution of
malted sorghum flour. The pasting temperature of WSF and WSS1 WSS2, WSS3 were
not significantly different (P ≤ 0.05).

4. Conclusion
In a time as this, when malnutrition and food insecurity is prevailing in many parts of
the world efforts to improve the economic importance of indigenous crops by value
addition through composite, flour production should be given a priority. Outcomes
from this study inferred that Malted sorghum can be utilised in the production of value-added products like confectionaries. Malted sorghum flour substitution might not
affect the water absorption capacity of composite flours. Malting could be ineffective in
1248
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the degradation of antinutrients in sorghum grains. Substitution of flours with malted
sorghum can best be done at 20% degree of substitution. WSS3 could be adapted to
product requiring high level of paste viscosity and stability. Malting of sorghum can
improve the nutritional quality of flours that can be used in confectionary industries.
Further studies on its protein and starch digestibility and mineral bioavailability using
both in vitro and in vivo studies should be done prior to its use in confectionary products.
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