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ABSTRACT 

 

This study was carried out to investigate the ef-

fect of partial substitution (10 and 15%) of wheat 

flour by sorghum or chickpea flour on quality pa-

rameters of sponge cake and biscuit. Chickpea 

flour contained the highest percentage of protein, 

lipids, ash and crude fiber. Water absorption was 

increased by replacement of wheat flour with sor-

ghum or chickpea flour. From the obtained data, it 

could be seen that the deleterious effect of adding 

sorghum flour to wheat flour on the rheological 

properties was more pronounced than that hap-

pened when chickpea flour was added. Cake pre-

pared with sorghum flour had less pronounced 

improvements in its chemical composition rather 

than those of chickpea. With regard to volume and 

specific volume, cake prepared with 10% chickpea 

flour with or without cake improver recorded the 

highest values. Cake prepared by chickpea flour 

had no any unfavorable sensory change especially 

for the cake produced by cake improver.  Crude 

protein, lipids, ash and crude fiber contents were 

increased progressively in all biscuit samples with 

increasing of either the sorghum or chickpea flour 

levels. Also, there were no significant differences 

(P>0.05) between the thickness and spread ratio of 

control biscuit compared to that of sorghum or 

chickpea- wheat composite flour.  It is worth men-

tioning that the substitution of wheat flour with 

chickpea flour gave biscuit more sensory accepta-

ble.  

INTRODUCTION 
 

Wheat (Triticum aestivum) is the most im-

portant crop for baking due to its absolute baking 

performance in comparison to all other cereals 

(Dewettinck et al 2008). Soft wheat flour has been 

used for a wide range of commercial baked prod-

ucts. Soft wheat flour is usually considered as 

good quality flour for soft wheat products such as 

cookies and cakes with a good quality property 

(Finney, 1989). 

Sorghum is one of the cereals that constitute a 

major source of protein, calories and minerals for 

millions of people in Africa and Asia. World annual 

sorghum production is over 60 million tones, of 

which Africa produces about 20 million tones and 

Egypt produces 749000 tons (FAO, 2013). This 

cereal is mainly considered as subsistence crop 

because of its unique tolerance to drought and 

adaptain to dry tropical and subtropical ecosystem 

throughout the world (Murty and Renard, 2001). 

It, for human consumption, is generally utilized in 

the form of roti, snacks (puffed grain), porridges 

and noodles. Hulse et al 1980 & Chavan and 

Kadam, 1993, indicated the possibility of incorpo-

rating sorghum in wheat flour at various levels for 

producing bread, biscuit and other snacks.  

Legume protein can be successfully used in 

baked products, to obtain a protein- enriched 

product with improved amino acid balance, the 

potential use of legumes as protein – enriching 

agents of baked products, mainly in the form of 

protein flours, has been reported by several au-

thors (Hernandez and Sotelo, 1984, Hegazy and 

Faheid 2006, Demir et al 2009, Saleh et al 2012 

& Yadav et al 2012). Supplementation of wheat 
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flour with chickpea would significantly enhance the 

protein quality of the product. (Hernandez and 

Sotelo, 1984). 

Cake is a confectionary favorite product for 

Egyptian people and it used in their breakfast or at 

tea time. It's either homemade or prepared on 

commercial scale. On the other hand, biscuits can 

be used successfully as a vehicle for nutrient forti-

fication in school feeding programs (Barakat 

2003). 

Biscuits are ready to eat, cheep and convenient 

food products that are consumed among all age 

groups in many countries (Hussein et al 2006 and 

Iwegbue, 2012). Biscuit have been reported to be 

rich in fat and carbohydrate; hence they can be 

referred to as energy giving food, as well as good 

sources of protein and minerals (Kure et al 1998). 

The main ingredient generally used for biscuit pro-

duction is wheat flour with other ingredients such 

as margarine (Shortening), sweeteners (sugar), 

leavening agents, eggs, milk, salt and flavors (Hui, 

1992 and Ghattas et al 2008). 

Therefore, this work was aimed to study the ef-

fect of the partial replacement of wheat flour by 

sorghum or chickpea flour (10 and 15%) on their 

proximate chemical composition as well as physi-

cal properties of the resulted dough. Baking char-

acteristics of sponge cake and biscuit prepared 

from the different suggested replaced flours were 

also evaluated chemically, physically and organo-

leptically. 

 
MATERIALS AND METHODS 

 
Materials 

 
Wheat flour (72% extraction) was obtained 

from 6th October for milling and marketing Co., 6th 

October, Egypt. Sorghum (Sorghum bicolor [L.] 

Moench) Giza-15 and chickpea (Cicer arietinium) 

Giza-195 grains were obtained from Field Crops 

Research Institute, Agricultural Research Center, 

Giza, Egypt, during 2013 season.  

All other ingredients sucrose, salt, baking pow-

der, shortening, vanilla and cake improver (ECAP 

Company) were obtained from the local market, 

Cairo, Egypt. 

 

 

 

 

 

Methods 

 

Preparations of sorghum and chickpea flour 

 

Sorghum grain and Chickpea were cleaned 

and milled in Food Technology Research Institute 

of Agriculture Research Center by using a labora-

tory disc mill to pass through a 60-mesh sieve as 

recommended by Hallab et al (1974). The result-

ant flour was referred as white sorghum or chick-

pea flour, and the coarse fraction was ground 

again in a laboratory mill. The flour from the sec-

ond milling was blended with the white flour in or-

der to obtain the whole sorghum or chickpea flour. 

The flours was packed in polyethylene bags and 

stored at (- 18 °C) until analysis.  

 

Preparation of composite wheat flour 

 

Wheat flour was partially substituted by 10 and 

15% of either sorghum flour (SF) or chickpea flour 

(CF). The flour mixtures were individually blended, 

homogenized then packed in polyethylene bags 

which tightly closed and stored at (-18°C) until 

analysis. 

 

Sponge cake processing 

 

Sponge cake was performed according to 

Bennion and Bamford (1997) with the following 

recipes, the first recipe (1) wheat flour (72% extrac-

tion) (120g), whole fresh egg (150g), sucrose 

(100), baking powder (5g) and Vanilla (2g) while 

the recipe (2) is as the same as recipe (1) with 

adding cake improver (1g).    

 

Biscuit processing 

 

Biscuit was prepared according to Wade 

(1988) with the following recipe: wheat flour (72% 

extraction) (100g), butter (33g), sucrose (36g), 

baking powder (3g), vanilla (0.25g) and water 

(18g). 
 

Analytical methods 
 

Chemical analysis 

 

Moisture content, crude protein (N x 5.7), lipids, 

ash and crude fiber contents were determined ac-

cording to A.O.A.C. (2005). Nitrogen free extract 

(NFE) was calculated by difference. 

 

 

 

Rheological properties 
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Rheological properties of the various blends 

were determined by Brabender farinograph and 

extensograph instruments according to A.A.C.C. 

(2002). 

 

Physical characteristics of sponge cake 

 

The weight of sponge cake was determined af-

ter cooling for one hour. Sponge cake volume was 

measured by rape seed displacement method as 

described by A.A.C.C., (2002). Specific volume of 

sponge cake were calculated by dividing the vol-

ume (cm3) by their weight. 

 

Physical characteristics of biscuit 

 

According to Sai-Manohar and Haridas-Rao 

(1997), the diameter (D) and thickness (T) of six 

biscuits were measured in millimeter by placing 

them edge to edge and by stacking one above the 

other, respectively. To obtain the average, meas-

urements were made by rearranging and restack-

ing. Spread ratio was calculated by dividing diame-

ter of the biscuits (mm) by their thickness (mm). 

The weight and volume of sex biscuits were de-

termined after cooling. The volume was measured 

by rape displaced by six biscuits. Specific volume 

was calculated by dividing volume (cm3) by biscuit 

weight (g). 

 

Organoleptic evaluation 

 

Sponge cake 

 

Sponge cakes were evaluated for color, flavor, 

texture, taste and overall acceptability. The charac-

teristics were scored from 10 points for each ac-

cording to Kim et al (2012).  

 

Biscuit 

 

Biscuit was evaluated for crust, taste, odor, 

general appearance and crunchiness. The charac-

teristics were scored from 20 points for each ac-

cording to A.A.C.C. (2002). 

 

Statistical analysis 

 

All obtained results were statistically analyzed 

by SPSS computer software (SPSS, 2000). The 

calculated occurred by analysis of variance ANO-

VA and significant differences among the various 

scores were established using Duncan´s multiple 

test according to Waller and Duncan (1969). 

 

RESULTS AND DISCUSSION 

 

Proximate chemical composition of samples 

 

Proximate chemical composition of wheat, 

whole sorghum or whole chickpea flours are pre-

sented in Table (1). Chickpea flour was significant-

ly showed the highest protein, lipids, ash and 

crude fiber being 23.26%, 6.2%, 1.19% and 

2.45%, respectively. On the other side, wheat flour 

significantly contained the highest percent of car-

bohydrate (Nitrogen free extract), 88.49% followed 

by sorghum flour (83.94%) and chickpea flour 

(66.18%). These results are in agreement with 

Demir et al (2009), Mohamed et al (2011) and 

Abdelghafor et al (2013).  

 

Rheological properties of dough sample 

 

From results presented in Table (2), it could be 

observed that by increasing the substitution levels 

in the blends of sorghum or chickpea flour, the 

water absorption was increased as compared with 

control sample (wheat flour). The increase in water 

absorption is probably due to the increase in total 

protein content of the composite flours and high 

water absorption capacity of legume proteins (He-

gazy and Faheid, 2006). 

Moreover, the results indicated that, substitu-

tion with sorghum or chickpea flour resulted in low-

er dough stability time, the increasing portion of the 

sorghum or chickpea flour in wheat blends led to a 

progressive decrease in the dough stability. The 

low dough stability of the sorghum flour blends 

might be due to the higher fiber content which de-

stroyed the gluten matrix. These results are in 

agreement with Abdelghafor et al (2013), they 

found that farinograph properties such as stability 

decreased as the amount of substituted sorghum 

increased. The decrement in the stability time indi-

cates weakness of dough strength. This weakness 

of the dough may be due to using chickpea flour 

which reduced the wheat gluten content (dilution 

effect) in the blends which make the dough more 

weak strength (Singh et al 1991). 

Table (3) represented the extensograph pa-

rameters of wheat flour dough and wheat flour 

substituted with sorghum or chickpea flour. It could 

be noticed that the resistance to extension of the 

dough showed a pronounced decrease as the 

amount   of  sorghum  or  chickpea  flour  increase. 
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Table 1.  Proximate chemical composition of wheat, sorghum and chickpea flours (% on dry weight basis) 

 

Flour samples 
Moisture 

content 

Crude 

Protein 
Lipids Ash 

Crude 

fiber 
NFE 

Wheat flour (72%extraction) 13.25a 9.58b 0.72c 0.48c 0.73c 88.49a 

Whole sorghum flour  11.21b 9.75b 3.00b 1.34b 1.97b 83.94b 

Whole chickpea flour  9.33c 23.26a 6.2a 1.91a 2.45a 66.18c 

Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05). 

Nitrogen free extract (NFE): Calculated by difference. 

 

 

Table 2. Farinograph parameters of dough substituted with whole sorghum or chickpea flour 

 

Flour samples 

Farinograph Parameters 

WA (%) 
AT 

(min) 

DT 

 (min) 

DS 

 (min) 

MTI  

(B.U) 

DW 

(B.U) 

Wheat flour (control sample)  57.90 0.50 1.00 3.00 110 130 

90%WF+10%SF 58.00 0.50 1.50 2.00 90 110 

85%WF+15%SF 58.40 0.50 1.00 1.50 90 120 

90%WF+10%CF 59.10 1.00 1.50 2.50 100 130 

85%WF+15%CF 61.40 1.00 1.00 2.00 70 80 

WF: wheat flour, SF: sorghum flour, CF: chickpea flour, WA: Water absorption, AT: Arrival time, DT: Development 

time, DS: Dough stability, MTI: Mixing tolerance index, DW: Dough weakening 

 

 

Table 3. Extensograph parameters of dough behavior of wheat flour (72% extraction rate) and different 

substitution levels with whole sorghum or chickpea flour 

 

Flour samples 

Extensograph Parameters 

R 

 (B.U) 

E 

(mm) 
R/E 

EME 

 (mm) 

Energy 

(cm2) 
 

Wheat flour (control sample) 240 150 1.60 135 40  

90%WF+10%SF 200 150 1.33 130 34  

85%WF+15%SF 160 130 1.23 115 26  

90%WF+10%CF 230 165 1.39 130 43  

85%WF+15%CF 205 150 1.37 125 35  

WF: wheat flour, SF: sorghum flour, CF: chickpea flour, R: Resistance to extension, E: Extensibility, R/E: Propor-

tional number, EME: Extensibility at maximum elasticity. 
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These results are in accordance with Hegazy and 

Faheid (2006) reported that the addition of chick-

pea flour ratios to the wheat flour caused a de-

crease in the resistance to extension of the dough. 

The resistance to extension of the dough de-

creased as the result of increasing their fiber con-

tent that destroyed the gluten matrix in the dough, 

regardless of their content of protein as compared 

to the control sample (Ismail, 2007). From Table 

(3), it could be also observed that the dough ex-

tensibility was decreased in the blend at ratio 15% 

of the sorghum flour. Moreover, the blend con-

tained 10% chickpea flour had higher extensibility 

value (165 mm) than that (150 mm) found in con-

trol dough.  

With regard to the dough energy, the data 

showed that adding sorghum flour resulted in a 

reduction in its value and this effect increased by 

increasing the addition level. While, the addition of 

chickpea flour to wheat flour at the ratio of 10 % 

caused a little bit increase; where the dough ener-

gy value reached (43 cm2), and then decreased to 

(35 cm2). 

 

Effect of composite flour on sponge cake  

quality 

 

Chemical composition of sponge cake samples 

 

Proximate chemical analysis of sponge cake 

prepared from different composite flour samples 

are presented in Table (4). It could be observed 

that, crude protein, lipids, ash and crude fiber con-

tents of cake samples were increased as increas-

ing the replacement level by sorghum or chickpea 

flour. These increments were significant in the 

case of addition of chickpea flour. While in case of 

sorghum flour the increase in crude protein values 

and lipids were insignificant. 

Generally, it could be seen that cake prepared 

from the investigated sorghum flour had less pro-

nounced improvement percentage in its chemical 

composition rather than found in case of chickpea 

cake samples (Table, 4). 

 

Physical measurements of fresh sponge cake 

samples 

 

The physical properties of the produced cakes 

as affected by addition of sorghum or chickpea 

flour are presented in Table (5). Results showed 

that, there were no significant differences (P>0.05) 

between control and cake samples prepared with 

10 and 15% sorghum or chickpea flour for weight. 

In cake sample with improver, replacement of 

wheat flour with 10 and 15% sorghum flour caused 

a significantly decrease in cake volume in com-

pared to control sample. But, the replacement of 

wheat flour with 10% chickpea flour caused a sig-

nificantly increase in cake volume whether with 

(190 cm3) or without (187cm3) improver when 

compared with the control (183 cm3). This data 

confirm the results of rheological dough properties 

(Tables, 2, 3) and also are in agreement with 

Gomez et al (2008). 

As expected, the values of specific volume rec-

orded the similar trend as that of volume. The 

highest value of specific volume was recorded in 

cake produced with 10% chickpea flour. 

 

Sensory evaluation of sponge cake samples 

 

There were significant differences (P<0.05) in 

color between the control cake sample and cake 

prepared by 15% sorghum flour (Table, 6), but no 

significant differences (P>0.05) in color could be 

observed between the cake prepared by 10% sor-

ghum or 10 and 15% chickpea flours compared to 

the control cake sample. For flavor and texture, 

there were no significant differences (P>0.05) be-

tween control cake sample and cake produced 

with 10% sorghum or chickpea flour. Concerning 

the taste and overall acceptability, it could be ob-

served that, there were no significant differences 

(P>0.05) between the control cake sample and 

cake prepared with 10% chickpea flour.  

Generally, it could be concluded that, the 

sponge cake produced by substitution with 10% 

chickpea flour gave cake more sensory acceptable 

rather than the cake produced by added 10 and 

15% sorghum flours or 15% chickpea flour. 

Finally, it could be concluded that, chickpea 

flour successfully replace wheat flour with 10 or 

15% in produced sponge cake without any unfa-

vorable change especially for the cake produced 

by added cake improve (Table, 6). 

 

Effect of composite flour on biscuit quality 

 

Chemical composition of different biscuit sam-

ples 

 

The chemical composition of biscuit prepared 

from wheat flour (72% extraction) and its blends 

with 10 and 15% of either sorghum or chickpea 

flour is recorded in Table (7).  It  could  be  noticed  
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Table 4. Proximate chemical composition of sponge cake prepared from composite flours (% on dry weight 

basis) 
 

Cake samples 
Moisture 

content 

Crude 

Protein 
Lipids Ash 

Crude 

fiber 
NFE 

Control sample (100% WF) 26.82a 13.52b 3.66c 0.84d 1.52b 80.46a 

90%WF+10%SF 25.52b 13.68b 3.81c 0.94c 1.67ab 79.90b 

85%WF+15%SF 25.68b 13.73b 3.92c 1.02b 1.72a 79.61b 

90%WF+10%CF 26.30ab 14.32a 4.26b 1.04b 1.77a 78.61c 

85%WF+15%CF 26.24ab 14.65a 4.59a 1.11a 1.85a 77.80d 

Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05). 

WF: wheat flour, SF: sorghum flour, CF: chickpea flour,  NEF: Nitrogen free extract. 

 

Table 5. Physical measurements of sponge cake prepared with wheat flour (72% extraction) and chickpea 

or sorghum flour 
 

Cake Samples 

Weight (g) Volume (cm3) 
Specific volume 

(cm3/g) 

Recipes 

1 2 1 2 1 2 

Control sample 47.50a  48.00a  183b  190a  3.85ab  3.96ab  

90% WF + 10% SF 47.90a  48.23a  182b  185b  3.80b  3.84b 

85% WF + 15% SF 47.00a  48.20a  180b  185b  3.83ab  3.84b 

90% WF + 10% CF 46.75a  47.55a  187a  190a  4.00a  4.00a 

85% WF + 15% CF 47.50a  48.17a  182.5b  187ab  3.84ab  3.88ab 

*Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05).  

WF: wheat flour, SF: sorghum flour, CF: chickpea flour 

Recipe 1: sponge cake without improver, Recipe 2: sponge cake with improver. 

 

Table 6. Sensory characteristics of sponge cake prepared with wheat flour and sorghum or chickpea flour 
 

Cake samples 

Color 

(10) 

Flavor 

(10) 

Texture 

(10) 

Taste 

(10) 

Overall  

acceptability 

(10) 

Recipes 

1 2 1 2 1 2 1 2 1 2 

Control sample 

(100% WF) 
9.70a 9.84a 9.50a 9.68a 9.63a 9.50a 9.82a 9.74a 9.70a 9.80a 

90% WF + 10% SF 9.42a 9.42 a 9.00ab 9.24ab 9.34a 9.22ab 9.00 b 9.33 a 9.11ab 9.50a 

85% WF + 15% SF 8.62b 9.00b 8.22c 8.64c 8.74c 8.65c 8.24c 8.70b 8.00d 8.50c 

90% WF + 10% CF 9.55a 9.62a 9.32a 9.51a 9.53a 9.36a 9.20ab 9.50a 9.41a 9.64a 

85% WF + 15% CF 9.33a 9.34a 8.52bc 9.00b 9.00b 9.16ab 8.50bc 9.11ab 8.78b 9.34a 

*Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05).  

WF: wheat flour, SF: sorghum flour, CF: chickpea flour 

Recipe 1: sponge cake without improver, Recipe 2: sponge cake with improver. 
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Table 7. Proximate chemical composition (%on dry weight basis) of biscuits prepared from wheat flour and 

replacement with sorghum or chickpea flour 

 

Biscuit samples 
Moisture  

content 

Crude  

Protein 
Lipids Ash 

Crude 

fiber 
NFE 

Control sample (100% WF) 3.84b 9.62c 18.68a 0.55d 0.82c 70.33a 

90%WF+10%SF 3.80b 9.68c 18.88a 0.68c 1.00b 69.76ab 

85%WF+15%SF 3.82b 9.70c 19.03a 0.75b 1.12ab 69.40ab 

90%WF+10%CF 3.90b 10.30b 19.42a 0.75b 1.10ab 68.43b 

85%WF+15%CF 4.20a 11.42a 19.50a 0.83a 1.18a 67.07c 

Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05).  

WF: wheat flour, SF: sorghum flour, CF: chickpea flour, NEF: Nitrogen free extract. 

 

 

that crude protein, lipids, ash and crude fiber con-

tents were increased in all biscuit samples with 

increasing of either the sorghum or chickpea flour 

levels from 10 and 15%. The increments were sig-

nificant when CF was added. These results are in 

agreement with those reported by Shahzadi et al 

(2005) and Yadav et al (2012).  

 

Physical measurements of biscuit samples 

 

It could be observed at Table (8) that, the con-

trol sample had a weight of 81.5 g and volume 240 

cm3 with specific volume 2.94 cm3/g. On the other 

side, replacement of wheat flour with 10 and 15% 

sorghum flour caused gradually decrease in vol-

ume and specific volume of biscuit. On the other 

hand, there were no significant differences 

(P>0.05) in volume and specific volume of biscuit 

between the control sample and biscuit sample 

with 10% chickpea flour. Also, the width values for 

biscuits with chickpea flour were higher than those 

for biscuit with the sorghum flour at the same sub-

stitution level. There were no significant differ-

ences (P>0.05) between the thickness and spread 

ratio of wheat flour biscuit (control) compared to 

that of sorghum or chickpea- wheat composite flour 

biscuit. On the other hand, the spread ratio of bis-

cuit with the sorghum or chickpea flour at levels 

15% was found to be a higher than that found with 

10% sorghum or chickpea flour.  

There were no significant differences (P>0.05) 

between the weight, thickness and spread ratio of 

100% wheat flour biscuit (control) compared to that 

of sorghum-wheat composite flour biscuit (Ab-

delowale et al 2012). Also, Saleh et al (2012) 

found that, the average width value of the control 

biscuit made from wheat flour was 6.1 cm, where-

as the corresponding values of biscuit supple-

mented with the chickpea flour ranged between 6.0 

and 6.3 cm at substitution levels of 5 to 15%. 

 

Sensory evaluation of biscuit samples 

 

Results in Table (9) noticed that, increasing the 

level of the sorghum flour in the wheat flour formu-

lation used in biscuit making, the sensory scores 

for color, taste, odor, appearance and crunchiness 

of biscuit decreased. Replacement of wheat flour 

with 15% chickpea flour was not significantly 

(P>0.05) affected which nearly observed the same 

score of control samples. 

Biscuit made from blends containing 15% level 

of chickpea flour had maximum color acceptability. 

In addition, there were no significant differences 

(P>0.05) between control biscuit sample and bis-

cuit contained 10% level of sorghum flour for taste. 

The control sample and biscuit containing 10 and 

15% chickpea flour had higher total scores, 

whereas biscuit containing 15% sorghum flour 

were found to be unacceptable to panelists.  

The obtained results are in agreement with 

Elkhalifa and El-Tinay (2002); Essia et al (2007) 

and Mirdula et al (2007). Saleh et al (2012) found 

that, no significant differences (P>0.05) were no-

ticed at level of 5% defatted soybean flour and 

10% chickpea flour when compared with the con-

trol. 

Generally, it could be concluded that, replace-

ment of wheat flour with chickpea flour gave biscuit 

more sensory acceptable rather than of sorghum 

flour. 
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Table 8. Physical measurements of biscuit prepared with wheat flour (72% extraction) and replacement 

with chickpea or sorghum flour 

 

Biscuit samples 
Weight 

(g) 

Volume 

(cm3) 

Sp.v. 

(cm3/g) 

Reduction 

in Sp.v. 

(%) 

Width 

(W) 

(mm) 

Thickness 

(T) 

(mm) 

Spread 

ratio 

W/T 

Control sample 

(100% WF) 
81.58ab 240a 2.94a 0c 56.3ab 9.2a 6.12a 

90%WF+10%SF 81.82ab 220b 2.69b 8.50b 54.6bc 9.0a 6.07a 

85%WF+15%SF 82.11ab 200c 2.44c 17.01a 53.4c 8.7a 6.14a 

90%WF+10%CF 80.52b 236a 2.93a 0.34c 55.2bc 9.1a 6.07a 

85%WF+15%CF 83.24a 225b 2.70b 8.16b 57.0a 9.0a 6.33a 

Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05). WF: 

wheat flour, SF: sorghum flour, CF: chickpea flour, Sp.v.: Specific volume 

 

 

 

Table 9. Sensory characteristics of biscuit prepared by replacement of wheat flour (72% extraction) with 

sorghum or chickpea flour 

 

Biscuit samples Color Taste odor appearance crunchiness 
Total 

scores 
acceptance 

Control sample 

(100% WF) 
18.3b 19.7a 19.9a 18.5b 19.6a 96.0a V 

90%WF+10%SF 16.5c 19.4a 19.0b 17.5c 18.3b 90.7c V 

85%WF+15%SF 18.7 b 17.7c 18.7b 16.5d 17.4c 89.0d G 

90%WF+10%CF 18.7 b 18.3b 18.7b 18.7 b 19.5a 93.0b V 

85%WF+15%CF 19.7 a 18.7b 18.7b 19.7a 18.6b 96.3a V 

Mean followed by different letters in the same column are significantly different by Duncan's multiple test (P<0.05).  

WF: wheat flour, SF: sorghum flour, CF: chickpea flour 

V: 90-100 Very Good, G:  80-89 Good, S: 70-79 Satisfactory, Q: Less Than 70 Questionable. 
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