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Abstract 
Three white sorghum varieties (named ‘Dorado’, ‘Shandaweel-6’ and ‘Giza-15’) were investigated for grain characteristics and 

processed whole meal flour (via soaking, cooked, germinated and fermented sorghum). ‘Giza-15’ variety was the highest one in 1,000 kernel 

weight and hectolitre, followed by ‘Dorado’ and ‘Shandaweel-6’ that were significant lower. Sorghum varieties were non-significant 
different in L scales. ‘Giza-15’ was the highest variety in a and b scales. Sorghum varieties were significant different in c scales and non-
significant different in h scales. ‘Shandaweel-6’ recorded the highest value in water holding capacity (WHC). ‘Giza-15’ recorded the highest 
variety in oil holding capacity (OHC). The most significant increase in WHO was after fermentation treatment, followed by cooking 
treatment. Regarding OHC, the most significant increase was after germination treatment. Biscuits prepared from 50% whole meal flour of 
raw, soaked, cooked, germinated and fermented sorghum were evaluated for sensory and physical characteristics. The sensory results 
showed that 50% sorghum whole meal flour could be incorporated to prepare acceptable quality biscuits. The diameter of sorghum biscuits 
increased, while the diameter of wheat biscuits decreased. Hardness of sorghum biscuits was significant decreased in all treatments 
compared with wheat biscuits. Hardness of germinated sorghum biscuits was close to wheat biscuits values. 
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Introduction 

Sorghum (Sorghum bicolour L. Moench) belongs to the 
family Gramineae, including both wild and cultivated 
sorghum. Sorghum is the fifth important crop among the 
cereals in the world following rice, wheat, maize and barley, in 
total area planted and production (Onwueme and Sinha, 
1993). Sorghum is a principal cereal that forms an important 
staple diet throughout the semiarid Asian and African regions 
(Ahmed et al., 2000). The nutrient composition of sorghum 
indicates that it is a good source of energy, proteins, 
carbohydrates, oils, polyunsaturated fatty acid (PUFA), vi-
tamins and minerals (Afify et al., 2011a; Afify et al., 2012a, b, 
c, d; Dicko et al., 2006). Sorghum has good quality proteins 
which are readily digestible and contains the essential amino 
acids in quantities that correspond to human requirements 
(Afify et al., 2011b; El-Beltagi, 2011; El-Beltagi et al., 2011; 
Zhao et al., 2008). 

Sorghum is grown for grain, forage, syrup and sugar. The 
total consumption of sorghum closely follows the global 
patterns of output, since most of it is consumed in the 
countries where is grown (FAO/WFP, 2007). The color of 
sorghum grain varies greatly due to pericarp color and 

thickness, presence of testa, endosperm texture and color. 
The relationship between sorghum color and tannin content 
was previously reported. 

Traditional treatments such as soaking, cooking, 
germinating and fermenting have been used to improve 
nutritional quality of the legume (Hahn and Rooney, 1985). 
Food processing technologies can contribute to the 
alleviation of micronutrient deficiencies (Traoré et al., 2004; 
Kayodé, 2006). Process operations that decrease the level of 
antinutritional factors and that minimize the losses of 
micronutrients are of interest. Mechanical, thermal or 
biological processes have the potential to improve the 
nutrient availability in foods (Kayodé, 2006). Germination is 
a common practice in sorghum producing areas. Grains are 
malted for the production of weaning foods, opaque beers 
and other traditional dishes (Elkhalifa and Bernhardt, 2010).  

Sorghum was used in production of ready to eat products 
by using extrusion cooking technology and gun-puffing in 
Southern Africa. Some reports exist on antioxidant 
activity of fully processed products like cookies and bread 
containing sorghum bran, as well as extrusion cooked 
products (Awika et al., 2003). Whole sorghum grain could be 
used in baked, extruded and other cereal-based products 
(bread, cookies, expanded snacks, pasta, breakfast cereals etc.) as 
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partial or complete substitutes for other cereals (Awika and 
Rooney, 2004).  

The future promise of sorghum in the developed 
countries is referring to wheat substitution for people allergic 
to gluten (Ciacci et al., 2007). Sorghum is often 
recommended as a safe food for celiac patients, those with a 
negative autoimmune response to wheat gluten and similar 
proteins in rye and barley (Pontieri et al., 2010). 

Biscuits are ready to eat, cheap and convenient food 
products that are consumed among all age groups in many 
countries (Hussein et al., 2006; Iwegbue, 2012). Biscuits were 
reported to be rich in fat and carbohydrates, hence they could 
be referred as energy giving food, as well as a good source of 
proteins and minerals (Kure et al., 1998). The rapid 
urbanization and increase in population in recent years have 
resulted in wheat-based products consumption, especially 
biscuits, in sub-Saharan Africa (Adebowale et al., 2012). 

Compositing wheat flour with locally available cereals and 
root crops was desirable (Oyarekua and Adeyeye, 2009). It 
also encourages the agricultural sector and focused on the use 
of composite flour for bread and baked products in many 
wheat importing countries within the last two and half 
decades (Mepba et al., 2005; Mohammed et al., 2011). 

The aim of this study was to evaluate the grain 
characteristics and the effects of raw, soaked, cooked, 
germinated and fermented sorghum on sensory and physical 
characteristics of sorghum biscuits. 

Materials and methods 

Samples  
Three white sorghum varieties (Sorghum bicolour L. 

Moench), were chosen due to their highly production in 
Egyptian areas and obtained from the Crops Research 
Institute, Agricultural Research Center, named ‘Shandaweel-
6’, ‘Dorado’ and ‘Giza-15’. The grains were carefully cleaned 
and freed from broken grains and extraneous matter. 

Grain characterization 
Physical properties of sorghum grains 
Sorghum grains were analyzed for physical parameters: 

thousand kernel weight, kernel density and hectolitre, 
according to Almeida-Dominguez and Rooney (1997). 

Measurement of sorghum grains color  
External color of raw sorghum grain was measured on 

opposite sides of the grains by using a hand-held Tristimulus 
reflectance colorimeter according to Awika et al. (2002).  

Treatments of sorghum grains 
Sorghum grains were soaked in distilled water for 20 h 

with a ratio 1:5 w/v and the soaking water was changed twice. 
The grains were rinsed twice with distilled water and dried in 
drying oven at 45 ± 5 °C. The dried soaked grains were milled 
and kept until analysis. Germination, cooking and 
fermentation treatments were carried out on the soaked grains. 
Then, soaked grains were germinated for 72 h or cooked for 10 
min (based on pre-experiments to choose the suitable 
treatment and conditions). The germinated and cooked grains 
were dried, milled and kept until analysis. Fermentation 
obtained from whole meal flour of dried soaked grains (20 h). 
Flour was cooked by boiling with sufficient amount of distilled 

water for 10 min and fermented for 12 h. Then the obtained 
slurry was dried, milled and kept until analysis. 

Functional properties of milled sorghum before and after 
treatment 

Water and oil-binding capacity was performed according 
to the method of Beuchat (1977). Two grams of each milled 
sample (W1) were weighed into a pre-weighed centrifuge 
tube (W2) and 20 ml of distilled water or sunflower oil 
respectively, were added. Samples were vortexed and allowed 
to stand for 30 min at 25 ± 2 °C before being centrifuged at 
4,000 g for 25 min. Excess water or oil was decanted by 
inverting the tubes over absorbent paper and samples were 
allowed to drain and reweighed (W3). The percentage of 
water or oil holding capacity were calculated as: 

WHC or OHC %= 0X10
W1

W2W3 −

Biscuits preparation  
Biscuit samples were prepared according to the method 

described by Whiteley (1971) with minor modifications from 
Omobuwajo (2003). Biscuit formula consisted of 50 g milled 
sorghum (whole meal flour), 50 g of wheat flour (72% 
extraction rate), 30 g fat (milk butter), 32 g sugar, 2 g powdered 
milk, 1 g salt, 0.4 g sodium bicarbonate, 0.27 g ammonium 
bicarbonate and 0.2 g vanilla. Fat, sugar and vanilla were mixed 
in a dough mixer to obtain a homogenous cream. Flour and 
other ingredients were added to the mixture and homogenised. 
After that, the obtained dough was cut in circular pieces using 
templates and baked. The biscuits were allowed to cool then 
subjected to organoleptic and physically evaluations. 

Organoleptic evaluation of biscuits  
Biscuit samples were organolyptically evaluated for their 

sensory characteristics: appearance, color, odor, texture, taste 
and overall acceptability. The evaluation was carried out 
according to the method of Larmond (1977).  

Physical characteristics of biscuits 
Biscuits were evaluated for weight (g), thickness (mm), 

diameter (mm), density (g/cm) and spread ratio as described 
by Gaines (1991). Five biscuits were used for the evaluation 
and the average was noted. Spread ratio was calculated from 
the ratio of diameter to thickness and calculated using the 
following equation:   

Spread ratio = Diameter / Thickness 

Determination of biscuit hardness  
The maximum force required to break the biscuits was 

measured as described by Gaines (1991). The hardness of 
biscuits was measured by using a three point test on a 
Universal testing machine. The compression strength of 
biscuits was measured at a 20% level of compression with a 
cross-head speed of 100 mm/ min and a flat ended probe (2.5 
mm thickness). All measurements were performed at 
ambient temperature 20 °C. The hardness was recorded by 
Newton (N).  

Statistic analysis 
For the analytical data, mean values and standard 

deviation are reported. The data obtained were subjected to 
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one-way analysis of variance (ANOVA) and least significant 
difference (LSD) test, at P<0.05.  

Results and discussions 

Physical properties of sorghum varieties 
Table 1 displays the weight of 1,000 kernel, density and 

hectoliter of sorghum grain. The data indicated that the 
weight of 1,000 kernels ranged from 28.61 to 37.44 g. ‘Giza-
15’ variety was the highest variety in 1,000 kernel weight, 
followed by ‘Dorado’ and ‘Shandaweel-6’, which were 
significant lower in weight of 1000 kernels. The results 
approved earlier studies that found that weight of 1,000 
kernel in sorghum varieties ranged from 27.90 to 35.10 g, 
23.00 to 32.00 g and 26.86 to 33.42 g, respectively (Awika et 
al., 2002; Ogu et al., 2006; Okrah, 2008). The weight of 
1,000 kernel in sorghum varieties obtained by Ndirika and 
Mohammed (2005) was 31.51 g. Densities of grains varied 
from 1.13 to 1.18 g/cm3 for the three varieties and showed 
non-significant differences. The results are in agreement with 
previous study which reported that sorghum density ranged 
from 1.161 to 1.472 g/cm3 (Mwithiga and Sifuna, 2006). 
Hectoliter values of sorghum grains were significant different 
between the varieties (75.63, 76.20 and 83.28 kg/hl for 

in a and b scales and significant different compared with 
other varieties. These results are close to other study who 
found that a scale ranged from 0.40 to 4.50 in different 
sorghum varieties (da Silva and Taylor, 2004). The c and h 
scales ranged from 24.27 to 27.79 and 80.59 to 81.90, 
respectively. Sorghum varieties were significant different in c 
scales and non-significant different in h scales. 

Water and oil holding capacity 
Table 3 exhibits water and oil holding capacity (WHC 

and OHC) of milled sorghum at different treatments. Data 
showed that WHC and OHC of raw sorghum ranged from 
112.92 to 125.68% and 60.61 to 72.62%, respectively. 
‘Shandaweel-6’ recorded the highest value in WHC. ‘Giza-15’ 
recorded the highest variety in OHC. Sorghum flour had 
higher oil-holding capacity and this suggests that this flour 
would be useful in food formulations where an oil holding 
property is an important consideration (Elkhalifa et al., 2005). 

The most significant increase in WHO was after the 
fermentation treatment, followed by cooking treatment. 
Sorghum flour, fermented and unfermented, has a higher 
water and oil binding capacity (Akpata and Miachi, 2001). 
Germination and fermentation give rise to increase WHC 
(Gernah et al., 2011). 
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Table 1. Physical properties of sorghum varieties 

Varieties 
1000 kernel 
weight (g) 

Density 
(g/cm3) 

Hectoliter* 
(kg/hl) 

‘Dorado’ 29.28±0.66b 1.17±0.04a 76.20±0.23b

‘Shandaweel-6’ 28.61±1.18b 1.18±0.05a 75.63±0.45b 

‘Giza-15’ 37.44±0.37a 1.13±0.02a 83.28±0.59a

L.S.D  1.2927 0.0649 0.7184

*Kilogram per hectoliter or 100 liter 
Values are mean of three replicates ±SD, values in the same column followed by
the same letter are not significantly different at 0.05 level 

‘Shandaweel-6’, ‘Dorado’ and ‘Giza-15’, respectively) and 
‘Giza-15’ was the highest variety in hectolitre analysis. 

Color of sorghum grains 
Kernel color determination is important because the 

information obtained helps in anticipating end-product color 
quality (Fathi et al., 2006; Wan et al., 2011; Afshari-Jouybari 
and Farahnaky, 2011). 

Table 2 presents the color of sorghum grains. Data 
showed that the grain lightness nearly result in the same scales 
for the three varieties of sorghum (ranged from 62.27 to 
63.53). Similar results were obtained by Lee et al. (2002), L 
scales in raw sorghum ranged from 60.13 to 66.40. Whiter 
grains have higher L scales, while grains with dark or red 
pericarp have lower L scales (Ngwenya, 2007).The data 
indicated that a and b scales ranged from 3.51 to 4.54 and 
24.02 to 27.42, respectively. ‘Giza-15’ was the highest variety 

Table 2. Color of sorghum grains 

Varieties L a b c h 

Dorado’’ 62.51±0.53a 3.66±0.25b 24.02±0.56b 24.27±0.49b 81.90±1.35a

‘Shandaweel-6’ 63.53±0.30a 3.51±0.06b 24.36±0.99b 24.61±0.99b 81.79±0.20a 

‘Giza-15’ 62.27±1.01a 4.54±0.23a 27.42±0.02a 27.79±0.02a 80.59±0.49a 

L.S.D 1.3527 0.4018 1.3200 1.2795 1.6718 

*L (lightness with L = 100 for lightness, and L = 0 (zero) for darkness, a [(chromaticity on a green (-) to red (+)], b [(chromaticity on a blue (-) to yellow (+)], c (color
saturation), h [(hue angle where 0°= red to purple, 90°= yellow, 180°= bluish to green and 270°= blue scale 
Values are mean of three replicates ±SD, values in the same column followed by the same letter are not significantly different at 0.05 level 

Table 3. WHC and OHC of milled sorghum at different treatments (%) 

Treatments WHC OHC

Raw

‘Dorado’ 122.25±0.35gh 60.61±1.20h

‘Shandaweel-6’ 125.68±1.79fg 64.83±2.42g

‘Giza-15’ 112.92±0.32i 72.62±1.89ef

Soaking

‘Dorado’ 126.54±3.31f 69.35±0.16f

‘Shandaweel-6’ 129.50±1.06f 68.60±3.12fg
‘Giza-15’ 118.40±0.65h 68.93±0.17fg

Cooking

‘Dorado’ 167.68±3.45e 70.94±2.95ef

‘Shandaweel-6’ 174.23±3.83d 78.22±2.66cd

‘Giza-15’ 173.99±0.10d 74.78±1.88de

Germination

‘Dorado’ 122.38±0.10gh 85.47±2.01b

‘Shandaweel-6’ 129.82±1.36f 88.90±3.16b

‘Giza-15’ 119.19±2.52h 94.94±2.20a

Fermentation

‘Dorado’ 256.83±2.67a 76.88±2.15cd

‘Shandaweel-6’ 249.40±3.78b 79.30±1.85c

‘Giza-15’ 232.48±3.63c 71.74±3.14ef

L.S.D 3.8393 3.9305
* WHC and OHC= water and oil holding capacity
Values are mean of three replicates ±SD, values in the same column followed by 
the same letter are not significantly different at 0.05 level 
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Germinated and fermented flours absorbed more water, 
with non-significant differences. This increased solubility 
could be as a result of the increase in the amount of soluble 
sugars present in the germinated and fermented flours. Also, 
increased water absorption of flours and fermented sorghum 
showed increased WHC values over the unfermented. 
During fermentation, proteolytic activity takes place, which 
cause the increase in the number of polar groups and 
hydrophility of the flour proteins (Elkhalifa and El-Tinay, 
2002; Etudaiye et al., 2009). 

Regarding OHC, the most significant increase of OHC 
was after the germination treatment. OHC increase after 
germination and this could be attributed to the change in the 
quality of proteins upon germination. Since the binding of 
the oil depends on the surface availability of hydrophobic 
amino acids, the enhancement in OHC of the germinated 
samples could be attributed to an increase in the availability of 
these amino acids by unmasking the non-polar residues from 
the interior protein molecules. OHC has been attributed to 
the physical entrapment of oil (Elkhalifa and El-Tinay, 2002; 
Osungbaro et al., 2010). 

Technological evaluation  
Organoleptic characteristics of biscuits 
One of the limiting factors for consumers’ acceptability is 

the organoleptic properties. Therefore, appearance color, 
texture, taste, odor and overall acceptability were performed. 
Biscuits were prepared by replacing 50% of formula wheat 
flour (72% ext.) with 50% sorghum whole meal flour. Data 
(Table 4) showed that biscuits from raw ‘Dorado’ variety had 
the highest acceptable values of color comparing with wheat 
biscuits. 

Color is a vital quality attribute of foods and plays an 
important role in sensory and consumer acceptance of 

products which exists by millard during biscuit baking 
(Ghavidel and Prakash, 2006; Sowbhagya et al., 2005). Color 
sores were non-significant decreased after different 
treatments, except for germinated ‘Giza-15’ and fermented 
‘Shandaweel-6’. 

Sorghum biscuits showed lower texture compared with 
wheat biscuits. There was a non-significant difference 
between different treatments in texture, except for 
germinated and fermented ‘Dorado’ biscuits compared with 
raw sorghum biscuits. Substitution of wheat flour with 
sorghum flour affected the sensory and textural characteristics 
of biscuits in general. Textural properties of biscuits are one of 
the most important features, which affect the demand for 
biscuits (Wade, 1988). 

Sorghum biscuits showed lower texture compared 
with wheat biscuits. There was a non-significant 
difference between different treatments in texture, 
except for germinated and fermented ‘Dorado’ biscuits 
compared with raw sorghum biscuits. Substitution of 
wheat flour with sorghum flour affected the sensory 
and textural characteristics of biscuits in general. 
Textural properties of biscuits are one of the most 
important features, which affect the demand for 
biscuits (Wade, 1988).  

There was a non-significant difference between 
different treatments in taste scores, except for biscuits 
prepared from germinated sorghum and fermented 
‘Shandaweel-6’ biscuits compared with biscuits 
prepared from raw sorghum. Generally, the mouths 
feel of the biscuits was affected by the presence of 
sorghum, which leads to a residual taste (Mridula et 
al., 2007).  

From results it could be noticed that sorghum 
biscuits prove lower overall acceptability compared 
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Table 4. Organoleptic evaluation of sorghum biscuits 

Treatments Appearance -20 Color -20 Texture -20 Odor -20 Taste -20 Overall acceptability-100

Wheat biscuit 18.70±1.42a 18.60±1.58ab 19.50±0.71a 19.60±0.84a 19.60±0.52a 96.00±4.24a 
Raw 

‘Dorado’ 18.40±1.27ab 19.05±0.83a 18.90±1.10ab 19.40±0.84ab 18.30±1.64ab 94.05±4.03ab 
‘Shandaweel-6’ 18.30±1.25ab 18.35±1.11ab 18.15±1.45abcd 19.10±1.29abc 17.35±2.14b 91.25±5.97abc 

‘Giza-15’ 18.00±1.89ab 18.40±1.84ab 18.40±1.51abc 18.75±1.14abcde 17.40±1.58b 90.95±6.56abc 
Soaking 
‘Dorado’ 18.10±2.08ab 18.60±1.71ab 18.30±1.42abcd 19.05±1.05abcd 17.50±1.27b 91.75±6.42abc 

‘Shandaweel-6’ 17.25±1.51abc 17.50±1.58abc 18.20±0.92abcd 19.00±1.07abcde 17.60±1.71b 89.55±4.95abcd 
‘Giza-15’ 17.90±1.85ab 18.35±1.50ab 18.10±0.88abcd 18.70±1.34abcde 17.45±1.54b 90.50±5.94abcd 
Cooking 
‘Dorado’ 17.90±1.52ab 18.10±0.99ab 17.70±1.16bcde 18.60±1.27abcde 16.50±1.78bcd 88.80±5.27abcde 

‘Shandaweel-6’ 17.25±1.44abc 17.25±1.62abc 17.90±1.52abcd 18.60±1.27abcde 17.00±1.25bc 88.00±6.31bcdef 
‘Giza-15’ 18.10±0.88ab 18.20±1.40ab 18.20±1.55abcd 18.40±1.17abcde 16.65±1.10bcd 89.55±5.03abcd 

Germination 
‘Dorado’ 17.25±1.62abc 16.90±2.23bc 17.20±1.55cde 17.70±1.89bcde 15.50±1.49cd 84.55±6.93cdef 

‘Shandaweel-6’ 16.80±2.15bc 17.50±2.07abc 16.15±2.52e 17.50±2. 51cde 15.25±1.99cd 83.40±9.94def 
‘Giza-15’ 16.00±2.26c 16.20±1.75c 16.60±1.78de 18.30±1.57abcde 15.00±2.44d 82.00±8.15ef 

Fermentation 
‘Dorado’ 16.70±1.90bc 17.10±1.97bc 16.80±1.87cde 17.35±2.33de 16.65±1.70bcd 84.60±7.98cdef 

‘Shandaweel-6’ 15.70±1.89c 16.00±2.05c 16.70±2.06cde 17.30±2.31e 15.55±2.17cd 81.35±8.17f 
‘Giza-15’ 17.05±2.67abc 16.85±2.66bc 16.70±2.45cde 17.90±2.38abcde 16.75±2.02bcd 85.45±8.74cdef 
L.S.D 1.5714 1.5399 1.4224 1.4276 1.5080 6.1822 

Values are mean of ten replicates ±SD, values in the same column followed by the same letter are not significantly different at 0.05 level 
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with wheat biscuits. Overall acceptability of germinated 
and fermented biscuits decreased compared with other 
treatments. Moreover, sorghum whole meal flour could be 
used for making acceptable quality biscuits up to 50% levels of 
replacement. Mridula et al. (2007) found that addition of 
sorghum flour reduced the overall quality of biscuits. Higher 
fiber content in sorghum flour than wheat flour might be 
attributed to the increased toughness of the biscuits in 
proportion to the sorghum flour levels. Although the biscuits 
samples with higher proportion of sorghum flour were 
tougher as compared to control biscuits, they were found 
acceptable on sensory evaluation (Wade, 1988). 

Physical properties and hardness of biscuits 
Table 5 summarise the data upon the physical properties of 

sorghum biscuits at different treatments. It confirmed that the 
weight of sorghum biscuits was non-significant different 
compared with wheat biscuits, except for biscuits prepared 
from raw ‘Shandaweel-6’, germinated ‘Giza-15’ and fermented 
‘Giza-15’.  

Thickness of sorghum biscuits was non-significant different 
compared with wheat biscuits and all treatments. Substitution 
of wheat flour with sorghum flour affected the physical 
characteristics of biscuits in general. The thickness depends not 
only upon the aerating agents present, but also on the 
conditions existing in the oven (Sowbhagya et al., 2005; Wade, 
1988).  

The amount of spread during baking of short and soft 
dough products is affected by formulation of the dough, 
ingredients’ properties, the type of baking surface and by the 
condition in the oven (Sowbhagya et al., 2005). The density of 
sorghum biscuits was non-significant different compared with 
wheat biscuits, except for biscuits prepared from raw ‘Dorado’ 
and fermented ‘Shandaweel-6’ and ‘Giza-15’. This is due to 

the decrease in width and thickness of these three types of 
biscuits. There were no significant differences between the 
weight, thickness and spread ratios of 100% wheat flour 
biscuits compared to that of sorghum–wheat composite flour 
biscuits (Adebowale et al., 2012). On the other hand, density 
of biscuits decreased with addition of sorghum (Wade, 1988).  

The same data (Table 5) presents the hardness of 
sorghum biscuits at different treatments. The hardness of 
sorghum flour incorporated biscuits was compared with 
that of wheat biscuits. Hardness of sorghum biscuits was 
significant decreased in all treatments compared with wheat 
biscuits. Hardness values of germinated sorghum biscuits 
were higher than other treatments and close to wheat 
biscuits values. The hardness of sorghum flour incorporated 
biscuits up to 20% was comparable with the control biscuits 
(Wade, 1988). A decrease was observed in biscuits’ hardness 
at 50 and 60% sorghum flour levels. Mridula et al. (2007) 
found that increasing of sorghum flour content, hardness, 
toughness, average breaking force and average breaking 
energy of biscuit samples also increased. 

It could be concluded that addition of 50% sorghum 
whole meal flour at different treatments could be 
recommended for production of biscuits. The use of 
sorghum in biscuits making would greatly enhance the 
utilization of this crop as substitute in food products, where 
the sorghum has not been optimally utilized. 
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Table 5. Physical properties and hardness of sorghum biscuits 

Treatments Weight Diameter Thickness Spread ratio Density Hardness
Wheat biscuit 6.53±0.16defg 44.49±0.04c 6.87±0.53abc 6.48±0.49cde 0.59±0.09cd 14.61±1.67a 

Raw 
‘Dorado’ 6.33±0.31g 46.97±0.20a 6.52±0.04c 7.24±0.08a 0.53±0.02e 7.46±1.37e 

‘Shandaweel-6’ 7.75±0.09a 46.32±0.70ab 7.15±0.09ab 6.48±0.03cde 0.61±0.06bc 8.11±1.71e 
‘Giza-15’ 6.43±0.10fg 46.01±0.18ab 6.92±0.46abc 6.67±0.44bcde 0.63±0.02abc 8.57±2.04de 
Soaking 
‘Dorado’ 6.89±0.19bcde 45.74±0.45b 7.19±0.19ab 6.37±0.11de 0.64±0.02abc 8.96±2.00cde 

‘Shandaweel-6’ 6.86±0.32bcdef 46.36±0.34ab 6.60±0.43bc 7.04±0.42ab 0.66±0.01ab 7.35±0.10e 
‘Giza-15’ 6.45±0.39efg 46.06±1.35ab 6.82±0.24abc 6.84±0.08abcd 0.66±0.01ab 9.12±1.67bcde 
Cooking 
‘Dorado’ 6.42±0.29fg 45.57±0.29b 6.37±0.24c 7.16±0.22ab 0.67±0.04ab 8.54±0.68de 

‘Shandaweel-6’ 6.46±0.23efg 45.75±0.82b 6.33±0.10c 7.22±0.08a 0.69±0.07a 9.42±0.98bcde 
‘Giza-15’ 6.54±0.20defg 46.14±0.25ab 6.49±0.20c 7.11±0.25ab 0.65±0.07abc 10.00±0.60bcde 

Germination 
‘Dorado’ 6.63±0.20cdefg 46.25±0.39ab 6.92±0.18abc 6.69±0.12bcde 0.54±0.01de 11.37±1.76bcd 

‘Shandaweel-6’ 6.74±0.25bcdefg 46.28±0.15ab 7.12±0.04ab 6.50±0.02cde 0.58±0.04cd 11.50±3.97bc 
‘Giza-15’ 7.14±0.02b 46.31±0.43ab 7.40±0.04a 6.22±0.03e 0.55±0.01de 11.77±1.63bc 

Fermentation 
‘Dorado’ 6.92±0.01bcd 45.87±0.35b 6.69±0.27bc 6.86±0.21abcd 0.62±0.03bc 9.62±0.78bcde 

‘Shandaweel-6’ 6.76±0.25bcdefg 46.11±0.52ab 6.33±0.19c 7.28±0.14a 0.66±0.01ab 10.10±0.69bcde 
‘Giza-15’ 7.05±0.31bc 46.13±0.40ab 6.71±0.68bc 6.91±0.61abc 0.67±0.01ab 11.96±0.88b

L.S.D 0.3871 0.8971 0.5171 0.4613 0.0539 2.4717 

Values are mean of three replicates ±SD, values in the same column followed by the same letter are not significantly different at 0.05 level 
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