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ABSTRACT 
The  study  investigated  the  physicochemical  and  sensory  qualities  of  biscuit  
produced from blends of wheat (W), Millet (M) and Selected legumes (Bambaranut,  
Soybean, Cowpea and groundnut). Formulations were done on the wheat to millet  
ration as 40:30 and 50:30 and these were compensated with the legumes at 70:30  
and 80:20 cereal to legume respectively. Biscuit was baked from 100% wheat flour  
to serve as the control.  Physical properties of  the biscuit  investigated were the  
particle size, spread ration and break strength proximate composition of biscuits  
was investigated to determine the moisture content, crude protein, crude fat, crude  
fiber,  carbohydrate  and  ash  content.  Sensory  evaluation  was  investigated  to  
determine the acceptability of the products. Particle size analysis showed most of  
the flour bends retained at sieve size greater them 150µ. While the 100% wheat  
flour was retained on sieve 150µ. Spread ration of the biscuits rouge from 5.84±  
0.3  to  7.80±  0.6  breakstrength  range  from 1.42±  0.1  to  1.83±  0.1.  Proximate  
composition showed protein range from 10.97 to  20.63 the sensory evaluation  
showed  no  significant  difference  (P≥0.05)  between  the  samples  showing  the  
products having the potential to be accepted as a commercial product.

Keywords:  Physicochemical,  Sensory,  Particle  size,  break  strength,  
bambaragroundnut          

Introduction  
Increasing  urbanization  in  African  countries  is  changing  the  food  habits  and 
preference of the population towards convenience foods such as bread, biscuits and 
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doughnuts etc. The nutritive value of wheat is extremely important as it takes an 
important  place  among  the  few  crops  being  extensively  grown  as  staple  food 
sources (Giwa and Victor, 2011). The importance of wheat is mainly due to the fact 
that its grain can be ground into flour, semolina etc which forms basic ingredient of 
bread, biscuits and other baked products,  as well  as pasta and thus presents the 
main sources of nutrients to  the most of the of the world populations (Saramkova 
et al, 2009).
The demand for wheat –based foods has resulted in an increase in the importation 
of wheat in several of African Countries (inducing Nigeria), making these countries 
to  be  heavily  dependent  on  wheat  thereby  exhausting  their  foreign  exchange 
reserve. For this reason most developing countries were interested in the possibility 
of replacing the wheat needed for making baked goods from wheat either wholly or 
partly with flours obtained from home grown cereals (maises, irce, sorghum and 
millets), tubers (cassava, yam and sweet potato) and legume (cowpea, bambara nut, 
groundnut and soybean etc) (Nkama and Malleshi, 1998, Abdulkader, 2000).
Among the cereals, millet is second only to sorghum as the most important food 
grain and major source of calorie, proteins and vitamins for people in developing 
countries (mostly seruiarid tropics). Pearl millet (Pennisetum glavcum)  chosen for 
this work is an important cereal in Mali, Burkina –Faso, Senegal, Niger and Nigeria 
(Nkawa et al 2003). It is processed into several foods such as ‘Kunu’ Fura’ ndaleyi, 
tuwo and couscous among others (Nkamn et al, 2009).     
Diluting wheat floor with locally available cereals and legumes will encourage the 
agricultural  sector  and  reduce  wheat  importation  in  many  developing  countries 
(Dendy,  1992).  Cereal  grains  and  legumes  complementation  will  improve  the 
amino acid profile  of  the  proteins from such food products,  given the  fact  that 
either of the two cereals, or legumes when used independently offer proteins that 
are  incomplete  due  to  certain  deficiencies  in  their  amino  acid  profiles.  The 
objective  of  this  work  therefore  is  to  produce  biscuit  from composite  flour  of 
wheat, millet and the legumes so as to obtained a product that is superior to biscuit 
from 100% wheat flour.

MATERIALS AND METHODS      
Collection of samples.  Pear millet   (pennisetum glaucom) was obtained from the 
lake  Chad  Research  Institute,  Maiduguri,  Nigeria,  Soybeans  (Glycin  max), 
bambaranut (voandzeia subterranean (<)  Thours), groundnut (Arachis hypoghea) 
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and  cowpea  (vigna  unguieculata)  were  all  obtained  from  the  Bauchi  State 
Agricultural  Development  Programme  (BSADP)  Bauchi,  Nigeria.  Wheat  flour 
(Golden Penny), granulated sugar, table salt, baking power and whole milk (can) 
were all bought from a local market (Wunti) in Bauchi methods

Preparation of Pearl millet Flour
One kilogram of pearl millet (Pennisetum glaucum) was cleaned and dehulled. This 
was  then  steeped  for  three  (3)  days  in  two  litres  of  60%  time  water  used  as 
bleaching  agent.  The  steeped  grain  was  them  washed  with  potable  water  and 
sundried to a moisture content of 8 percent. The dried grain was then milled using 
an  attribution  mill  and sieved through  200µm sieve.  The  product  of  sieve  was 
collected and stored in a cow density polythene bay at room temperature (31± 10c) 
for further use.

Soybean Flour Preparation               
One  kilogramme  of  soybean  (Glycine  max)  seeds  were  soaked  overnight  and 
dehulled. The dehulled beans were then sundried to the same moisture content as 
for the millet flour. The dried sample was then milled using the attrition mill and 
then sieved by passing it through 200µm screen size sieve. The product of sieve 
was collected and stored at room temperature (32± 10c) same method was used for 
other legumes except ground paste. 

Groundnut Paste production   
One kilogramme of cleaned groundnut seed was roasted and dehulled manually. 
The roasted, dehulled must were then milled into paste using the attrition and the 
product stored in a plastic dish with air tight cover at room temperature  (32± 10c).

Biscuit Manufacture   
The method of  Oyewole  et  al  (1996) was used to  produce the  biscuits.  In  this 
method, the flour blends and other dry ingredients were mixed according to the 
proportions  as  shown  in  the  table  of  formulations  by  hand.  The  baking  fat, 
(,margarine) 100g and sugar 70g were mixed using the blender (Kenwood Mixer) at 
medium speed until fluffy white (approximately 12 minutes). One whole egg, 15 
m/s of whole milk (peak) were added to the mixture of the flours (200g flour, 2g 
baking powder and 0.2g salt)  and the fat  and sugar were  all  thoroughly mixed 
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together to form a dough. The paste (dough) so obtained was then rolled on a flat  
rolling  board  sprinkled  with  flour  to  prevent  stickyness  and  to  give  uniform 
thickness.
Circular biscuits were then cut from the dough using manual circular biscuit, the 
cut circular dough were the placed on greased baking trays; this was then baked at 
1600C for 25minutes. A control was also baked using 100% flour from wheat.       

Sieve Analysis 
Sieve analysis was carried according to the method of Gomez et al 1997.

Spread ratio
The method of Gomez et al (1997) was used to determine spread ratio of the biscuit 
dough 

Break strength 
The method of Okaka and Isieh (1990) was used to deter mine the break strength 
Sensory evaluation 
The nine (9) point hedonic scale was used to evaluate the preference of the samples 
as tested by 20 semi trained panelists as described  in Larmond, (1997) on the basis 
of texture, colour, flavor and general acceptability.

Chemical Analysis  
Moisture, coude protein, crude fat and  ash all deter mined according to the official 
methods (AOAC, 2006) carbohydrate was determine by all result were statistically 
analyzed using the SPSS statistical package.

Table: 1 Recipe for production of biscuits from bends of wheat, millets and selected 
legume flours.

Ingredients WFH WMB1 WMB2 WMS1 WMS2 WMC1 WMC2 WMG1 WMG2

What flour (g) 200 80 60 80 60 80 60 80 60
Cowpea flour 
(g)

- - - - - 60 40 - -

Groundnut 
paste (g) 

- - - - - - - 60 40

Bambaranut (g) - 60 40 - - - - - -
Soybean flour 
(g)

- - - 60 40 - - - -
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Millet flour (g) - 60 100 60 100 60 100 60 100
Baking fat (g) 100 100 100 100 100 100 100 100 100
Baking powder 
(g)

2 2 2 2 2 2 2 2 2

Sugar (g) 70 70 70 70 70 70 70 70 70
Sodium 
chloride (g) 

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Whole milk 
(6m/s)

15 15 15 15 15 15 15 15 15

Whole egg 1 1 1 1 1 1 1 1 1

 Key: WFH (100% wheat flour), WMB1 (30% millet, 40% wheat, 30% bambaranut)
WMB2 (50%  millet,  20%  bambaranut).  WMS1 (30%  millet,  40%  wheat,  30% 
soybean)WMS2 (50% millet, 30% wheat, 20% soybean). WMC1 (30% millet, 40% 
wheat, 30% cowpea) WMC2  (50% millet 30% wheat 1205 cowpea). WMG1 (30% 
millet,  40% wheat,  30% groundnut)  WMG2 (50% millet,  30% wheat  and 20% 
groundnut).

RESULTS AND DISCUSSION
Particle size of flours 
Table 2 showed the results of the particle size analysis, the composited samples had 
the majority of their weights retained on sieves greater than 150µm while the wheat 
flour was retained most on the sieve less than150µm. The particle size plays an 
important role in the physical characteristics of the dough made from the blend of 
flours in terms of spread ratio and break strength.

Table 2: Particle size distribution of flour blends in percentage.

Sieve sizes (µm)
300 200 <150

WFH 23.40 11.47 57.00
WMB1 26.50 16.00 12.20
WMB2 38.20 49.17 12.00
WMS1 42.78 52.03 5.09
WMS2 41.05 51.90 6.77
WMC1 36.84 58.22 7.10
WMC2 40.34 49.11 10.34
WMG1 41.38 50.12 8.54
WMG2 41.34 50.10 8.35

Key: WFH (100% wheat flour), WMB1 (30% millet, 40% wheat, 30% bambaranut)
WMB2 (50%  millet,  20%  bambaranut).  WMS1 (30%  millet,  40%  wheat,  30% 
soybean)WMS2 (50% millet, 30% wheat, 20% soybean). WMC1 (30% millet, 40% 
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wheat, 30% cowpea) WMC2  (50% millet 30% wheat 1205 cowpea). WMG1 (30% 
millet,  40% wheat,  30% groundnut)  WMG2 (50% millet,  30% wheat  and 20% 
groundnut).

Biscuit Spread ratio    
Data on the biscuit flow (spread ratio) or increases in volume of biscuit dough after 
baking  are  shown in  table  3.  Sample  WMG1 (30  millet,  40% wheat  and  30% 
groundnut) had the greatest spread ratio of 7.80. Addo et al (1987) had reported 
similar  spreading  characteristics  for  pigeon  pea  and  wheat  flour  biscuits.  The 
increase in volume (spread) of the biscuits could be attributed to high sugar and fat 
contents which in molten state flows within the biscuit matrix, and on cooling sets 
within the matrix  also,  conferring rigidity  to  be much expanded biscuit  (Yelmi, 
2014).

Table 3: spread ratio of biscuits 
Products Diameter (mm) Height (mm) Spread ratio
WFH 44.4 6.5 6.65±0.5a
WMB1 52.0 7.6 6.84±0.2a
WMB2 38.4 6.4 5.84±0.3b
WMS1 51.3 6.7 6.80±0.5a
WMS2 50.2 7.0 6.20±0.5a
WMC1 44.2 7.5 6.56±0.5a
WMC2 43.9 5.6 6.13±0.2a
WMG1 54.3 5.7 7.80±0.6c
WMG2 56.7 6.3 7.00±0.2c

Results of spread ratio are means of triplicate determination (±) standard deviation. 
Any mean value between two or more samples not followed by same superscript 
letters are significantly different (P≥0.05) from each other.
Key:  :  WFH  (100%  wheat  flour),  WMB1 (30%  millet,  40%  wheat,  30% 
bambaranut)
WMB2 (50%  millet,  20%  bambaranut).  WMS1 (30%  millet,  40%  wheat,  30% 
soybean)WMS2 (50% millet, 30% wheat, 20% soybean). WMC1 (30% millet, 40% 
wheat, 30% cowpea) WMC2  (50% millet 30% wheat 1205 cowpea). WMG1 (30% 
millet,  40% wheat,  30% groundnut)  WMG2 (50% millet,  30% wheat  and 20% 
groundnut).

Break strength of biscuits     
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The weight required to break the biscuits are shown in table 4. The break strength 
ranged from 1.20 to 1.83(kg). There was no significant difference (p<.a) between 
samples WMB1, WMB2, WMS1 and WMS2 with the control sample (WFH). Sample 
WMG1  had the highest break strength while the sample WMS1 showed the least 
break strength of 1.20(kg).

Table 4: Break strength of biscuits   
Products Break strength (kg)
WFH 1.42±0.1a
WMB1 1.50±0.1a
WMB2 1.73±0.1b
WMS1 1.47±0.5a
WMS2 1.20±0.2a
WMC1 1.80±0.1b
WMC2 1.73±0.1b
WMG1 1.83±0.2b
WMG2 1.70±0.3b

Results of break strength are the means of triplicate determinations (±) standard 
deviation any man difference between two samples not followed by same is table 1. 
Superscript letters means they are significantly different (P≥0.05) from each other. 
Key: As 

Proximate composition     
The average protein contents of the biscuits are shown in table 5 which ranged from 
10.97 for WFH (100% wheat biscuit) to 20.63 for WMS1 (30% mullet, 40% wheat 
and 30% soybean). The biscuits generally showed significant difference (P<0.05) 
among the samples. Data on the moisture content of the biscuits also showed no 
significant difference in terms of moisture and are in conformity with specification 
for standard biscuits. The moisture content ranged from 6.88% for WFH (100% 
wheat biscuit) to 8.25% for WMS1 (30% millet, 40% millet and 30% soybean).

Table 5: Mean proximate composition of biscuits  
% proximate composition
Sample Moisture Ash Crude 

protein 
Crude fat Carbohydrate  Energy 

(Kcal)
WFH 6.881.2b 0.59±0.1d 10.97±0.4a 19.54±1.0ab 66.09±0.7c 441.49
WMB1 8.00±0.5a 1.10±0.1c 12.36±0.3b 24.60±0.1c 53.57±0.4a 466.91
WMB2 8.25±0.3a 1.61±0.9ab 13.40±0.1b 24.54±0.3c 52.19±0.6b 455.97
WMS1 8.25±0.3a 1.51±0.1b 20.63±0.1bc 24.78±0.4c 50.94±0.2b 500.86
WMS2 8.26±0.2a 1.61±0.1b 16.35±1.1c 18.42±0.3b 52.19±0.6b 486.60
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WMC1 8.02±0.4a 1.42±0.0b 17.99±0.3d 18.40±0.2b 54.16±0.2a 468.46
WMC2 7.51±0.1ab 1.30±0.1c 17.21±0.3d 18.51±0.0b 55.77±0.1a 456.63
WMG1 7.6±0.1ab 1.03±0.1c 18.60±0.1e 24.60±0.1c 53.46±0.1a 485.20
WMG2 7.30±0.3b 1.00±0.2c 18.54±0.3e 24.5±0.1c 54.10±0.1a 491.14

Results showed mean of triplicate determinations (±) standard deviation. Any mean 
not followed by same superscripts between two samples are significantly different 
(P≥0.05).
Key: A in table 1. 

The fat content of the biscuits ranged from 19.54% for WHF (100% wheat biscuit) 
to 24.78% for WMS1  (30% millet,  40% wheat and 30% soybean).  The high fat 
content  of  the  biscuits  are  due  to  formulation  and  the  fat  contributed  by  the 
legumes.  This  is  in  accordance  to  wheat  is  reported  by  Agu et  al  (2007).  Ash 
content of the biscuit ranged from 0.59% for WFH (100% wheat biscuit) to 1.61 for 
WMB2 (50% millet, 30% wheat and 20% bambaranut). Significant differences exist 
on  the  ash  contents  of  the  biscuits.  The  ash  content  increase  with  increased 
substitution of the wheat flour with millet and the legumes. Ash is non organic 
compound containing mineral content of food and aid in the raetabotism of other 
organic compounds such as fat and carbohydrate (Mc William, 1978). 
The carbohydrate  content  of  the  biscuits  ranged from 52.19% for  WMS2 (50% 
millet, 30% wheat and 20% Soybean). According to Messiaen (1992), the  higher 
the  protein,  fat,  ash  contents  the  less  the  carbohydrate  .  There  was  significant 
difference (P<0.05) in terms of  carbohydrates  between the  control  WEF (100% 
wheat  biscuit)  and  the  other  samples  sensory  evaluation  showed  there  was  no 
significant  difference  between  the  samples  and  the  control  in  terms  of  colour, 
texture and flavor, sample WMG1 (30% wheat, 40% millet and 30% groundnut) 
compared favourably well with the control sample WFH (100% Wheat biscuits) in 
terms of general acceptability.

Table 6: Sensory evaluation of biscuit products 
Sample Colour Texture Flavor Taste General 

acceptability 
WFH 8.15ab 6.95a 7.70a 8.40a 8.00a
WMB1 7.70ab 7.10a 7.10ab 7.45ad 7.70b

WMB2 7.40ab 7.55a 7.60ab 8.05ad 8.10a

WMS1 7.20ab 6.30a 7.20ab 7.95ad 6.90d

WMS2 6.85ab 6.25a 6.20ab 6.05bc 6.15c

WMC1 7.00ac 7.45a 7.05ab 7.15ad 7.50b

WMC2 6.50b 6.95a 7.05ab 6.65cd 6.90d
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WMG1 8.20ab 7.45a 7.35ab 7.95ad 8.00a

WMG2 6.85ab 6.60a 5.95d 7.05ad 7.00a

Results  are  mean  of  triplicate  determinations  (±)  standard  deviation.  Any  two 
means not followed by same superscript along column are significantly different 
(P≥0.05).
Key: A in table 1. 

CONCLUSION    
The  proximate  composition  showed  that  addition  of  millet  and  the  legumes 
(bambaranut, soybean cowpea and ground nut) increased the protein, ash and fat 
content  of  the  biscuits.  Also  since the  biscuits  from the flour  blends compared 
forvourably well with the control it therefore means that the local cereal (millet) 
and legumes could be used to substitute for wheat in baking biscuit. This will help 
in saving foreign exchange for the developing countries.
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