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Abstract 

The chemical, anti-nutritional and sensory properties of cookies made with whole wheat (Triticum aestivum), unripe 
banana (Musa sapientum) and Pigeon pea (Cajanus cajan) flours were evaluated. The flours were prepared by drying, 
cracking, winnowing, milling and sieving of each of the materials. The flours were mixed in different proportions and 
were baked as cookies. The chemical analysis revealed that the cookies at varied composition (sample WBPA, WBPB, 
WBPC and WBPD) had moisture, ash, fat, crude fiber, crude protein and carbohydrate contents ranged from 2.85% - 
7.34%; 2.27% - 2.75%; 16.50% - 20.29%; 3.37% - 5.03%; 9.13% - 12.33%; 57.03% - 62.80% respectively. Significant 
difference occurred among the samples.  Increase in substitution of whole wheat with unripe banana and pigeon pea 
increase the ash, crude fiber protein and decrease the carbohydrate content. The result for anti-nutritional properties 
of the cookies for tannin, oxalate, phytate and cyanide were (0.11- 0.16) mg/100g, (0.04 – 0.39) mg/100g, (0.04 – 0.08) 
mg/100g and (0.0.02 – 0.03) mg/100g respectively. The anti-nutritional content were not different significantly 
especially oxalate and cyanide content as the inclusion increases.  The sensory evaluation was also carried out for color, 
aroma, taste, crispiness and general acceptability; the results were 6.50 -7.80, 7.70- 8.30, 7.40 – 7.80, 7.40 – 7.80 and 
7.50- 8.50.  Sample WBPC had the highest acceptability when compared with samples WBPB and sample WBPD.  The 
results of the study showed that as substitution of whole wheat with unripe banana and pigeon pea increases the 
nutritional value in terms of proximate composition of the cookies increases, while cyanide content reduce. Sample 
WBPC (80:5:5) with the highest protein, ash, fibre, low carbohydrate content, highest acceptability and low anti 
nutritional content established that it is possible to use whole wheat, unripe banana and pigeon pea flour blends to 
produce acceptable cookies with increase nutritional value; hence it was recommended. 
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1. Introduction

Cookies are a form of confectionery product dried to low moisture content, widely consumed by individuals among all 
age groups [1].  It represents the largest category of snack foods in most parts of the world [2].  Cookies are nutritive 
snacks produced from palatable dough which transformed into appetizing product through heat application in an oven 
[3].  They are popular illustration of ready-to-eat bakery product which possesses several attractive features such as 
wide consumption, convenient with long shelf life and with ability to serve as vehicle for important nutrient [4].  Cookies 
are convenient food products popularly consumed by nearly all levels of society due to varied taste, easy availability, 
longer shelf life and low cost among other processed foods.  Cookies have become loved fast food because they are easy 
to carry out, tasty to eat, contain digestive and dietary fiber of vital importance and reasonably cheap [5]. 

Cookies are concentrated food and substantial source of energy due to their high carbohydrates contents, fats and low 
moisture. Nutritionally, their quality can be enriched or fortified by including a number of other ingredients in the 
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recipe; hence cookies have a great potential of becoming a good medium for providing special dietary needs.  
Euromonitor International [6] reported that the projected global market for cookies in 2016 is around $1,825.00 billion 
dollars. In Nigeria like many other developing countries, the increasing phenomenon of urbanization coupled with the 
growing number of working mothers, have contributed greatly to the popularity and increased consumption of snack 
foods such as cookies and biscuits.  Cookies can be made from hard dough, hard sweet dough or soft dough which is 
characterised by a formula high in sugar, shortening and low in water content.  The main ingredients of cookies are 
wheat flour, fat (margarine), sugar, water other ingredients such as milk, salt, aerating agent, emulsifier, flavour and 
colour are also added.  Wheat flour which is the flour of choice for producing cookies and other baked food products, is 
uneconomical in many countries of the world due to importation. To produce baked goods, countries like Nigeria rely 
on importation of wheat leading to high purchase price for the finished product. The production of wheat-based baked 
products like cookies at an affordable cost therefore requires the development of an adequate substitute for wheat. The 
substitute should be one that is readily available, cheap and able to replace wheat flour in terms of functionality [7].  

Composite flours produced from cereals and legumes have the advantage of improving the overall nutrition. The 
selection of the composite flour blends involve the materials being readily available, culturally acceptable and provide 
increased nutritional potentials [8].  Wheat (Triticum aestivum) is the most extensively grown crop in the world with 
about 237 million hectares cultivated annually which account for a total of 420million ton.  It is the source of at least 
one-fifth of man’s calorie intake and mainly grown for its highly nutritious and useful grain as one of the top three most 
produced crops along with rice and corn. 

Banana (Musa sapientum) is fourth most important food crop after rice, wheat and maize and grown worldwide in 
tropical countries. It has short shelf-life after harvest due to its climacteric nature.  Postharvest losses are usually 
encountered due to poor handling, bulk transportation, rapid ripening and poor processing technologies [9].  Processing 
of fresh unripe banana fruits is a means to reduce losses and add value to the flour [10] which could be used to produce 
products like cookies, high fibre bread [11, 12]. The flour is a good source of carbohydrate with high level of resistant 
starch that may help control blood sugar, manage weight and lower blood cholesterol [10].   

Pigeon pea (Cajanus cajan) and unripe banana are staples in Nigeria hence their utilization in the production of cookies 
will reduce importation of wheat, save foreign exchange, improve the nutritional value of the cookies, enhance food 
security and, increase the economic power of local farmers in developing countries. The aim of this research is to 
determine the chemical anti-nutritional and sensory properties of cookies produced from composite flours of whole 
wheat, pigeon pea and unripe banana.  

2. Material and methods 

2.1. Materials Procurement 

Whole wheat, Pigeon pea and mature unripe banana, and ingredients such as margarine, sugar, salt, egg, milk powder, 
sodium bicarbonate and flavor (butter scotch) were purchased from Uchi Market in Auchi, Edo State, Nigeria. 

2.2. Methodology 

Preparation of Whole wheat, Pigeon pea and Unripe Banana Flour 

Whole Wheat grain was manually winnowed, sorted to removed defected grains and foreign materials like stones and 
stalk, milled with plate mill and sieved through a mesh of 40-mesh sieve. The flour was packaged in airtight plastic 
container, labeled and stored at ambient temperature (27±2 °C) for subsequent use. Pigeon pea flour and unripe banana 
flour were prepared according to the methods of Ohizua et al. [13] with slight modification.  Unripe banana fruit were 
peeled and treated with 0.05% (w/v) sodium metabisulphite sliced to an average size of 2 mm, dried at 60 oC in air oven 
and milled using plate mill then sieved with 40-mesh sieve.  Pigeon pea seeds were subjected to drying at 60 oC for 
3hours, cracked, winnowed to remove the seed coat, milled using plate mill and sieve to pass through 40-mesh.  The 
obtained sieved fine flour from the three samples was packed separately in air-tight container for composite flour 
cookies formulation.   

2.3. Composite Flour Formulation 

Four samples of composite flour were formulated with different proportion of Whole Wheat, Unripe banana and Pigeon 
pea and designated as WBPA, WBPB, WBPC and WBPD as shown on Table 1. 
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Table 1 Composite flour blends formulation.  

Samples WBPA WBPB WBPC WBPD 

Whole Wheat flour 100 95 90 80 

Unripe banana 0 2.5 5 10 

Pigeon Pea 0 2.5 5 10 

2.4. Cookies Production 

The cookies basic formulation was 100 g flour, 40 g fat, 25 g sugar, 1 g sodium bicarbonate, 5 ml liquid flavor (butter 
scotch),1 g salt and 1whole egg. The dry ingredients were manually mixed together before adding the wet ingredients 
to form consistency dough required for cookies using the rub-in method.  The dough was kneaded, flattened to a uniform 
thickness on a rolling board and cut into different shapes. The oven was pre-heated and the cut dough was baked in the 
oven at 180 oC for 15 minutes.  The procedure was carried out for the four samples respectively.  The cookies were 
cooled, packaged in high-density polyethylene bags, labeled and stored at ambient temperature 27±2 oC and kept for 
analyses. 

2.5. Determination of Chemical Properties of Cookies 

The Moisture ash, fat, crude fibre and protein contents were determined using the method of AOAC [14], while the 
carbohydrate was determined by difference by subtracting the total sum of the percentage of moisture ash, fat, crude 
fibre and protein contents from hundred (100).   

2.6. Determination of Anti-Nutritional Properties of the Cookies 

The tannin content of the flour mixes was determined as described by Makkar et al. [15] using Folin Denis Reagents. 
Phytate content was determined using spectrophotometric method as described by Pearson [16] while the oxalate 
content of the samples was determined using the method described by Ukpabi and Ejidoh [17].  Hydrogen cyanide was 
determined using the alkaline picrate spectrophotometric method as described by Balagopalan et al. [18]. 

2.7. Determination of Sensory Properties of Cookies 

Twenty-four hours after preparation of the cookies, sensory evaluation was carried out. A total of 20 semi trained 
panelists who were familiar with the quality attributes of the cookies were used among the staff and students of the 
Department of Food Technology, Auchi Polytechnic, Auchi. Selection was based on panelist being a regular consumer of 
cookies and not allergic to any cookies. Panelists were instructed to evaluate appearance, aroma, taste, crispness, and 
general acceptability of the cookies. A nine-point Hedonic scale was used according to Ihekoronye and Ngoddy [19]. 
Samples were coded with alphabets and presented to panelists who were instructed to rinse their mouths with water 
after every sample.  

2.8. Statistical Analysis 

Data obtained were subjected to a one-way Analysis of Variance (ANOVA) using the software Statistical Package for 
Social Sciences (SPSS) version 17 (SPSS, Inc, Chicago, USA) to determine significant difference at P<0.05. Means were 
separated using Duncan’s Multiple Range Test (DMRT). 

3. Results and discussion 

The result for the proximate composition of cookies produced from the formulated flour blend is shown on Table 2.  The 
value for moisture ranges from 2.85% to 7.34% for the four samples with sample WBPD having the lowest value and 
sample WBPC having the highest value. Significant difference occurred among the samples.  The moisture contents of 
the cookies were generally low; this would prolong the shelf life of the cookies.  Moisture content and water activity 
have been reported to have great effects on the keeping quality and shelf life of foods [20].  The ash content ranged from 
2.28% to 2.75%, significant difference did not occur between samples WBPA and WBPB also there was no significant 
difference between samples WBPC and WBPD.  The ash content is an indication of the quantity of minerals in the 
product; it represents the inorganic elements obtained in a food material after the combustion of the organic materials.  
The inorganic materials consist of mineral element such as calcium, magnesium, iron, phosphorus, potassium etc which 
are important for building rigid structures and regulatory functioning of the body [21].  The values for fat, fibre and 
protein ranges from 16.50% - 20.29%, 3.77% - 5.03% and 9.13% - 12.33% respectively.  Significant difference occurred 
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among the samples.  The values recorded were within the standard limit (15% - 20%) for soft dough biscuits.   The fibre 
content increase with the increase in the inclusion of banana and pigeon pea flour with the highest value recorded by 
sample WBPD and lowest value for sample WBPA which was 100 percent whole wheat flour. Daramola and Osanyinlusi 
[22] reported that unripe banana and pigeon pea flour are good source of fiber; this could justify the results obtained in 
this study. Crude fiber composition is a measure of the quality of indigestible cellulose, pentose, lignin and other 
components present in food with little food value but provide bulk necessary for peristaltic action in the intestinal tract; 
Crude fibre helps in the prevention of heart diseases, colon cancer and diabetes [23, 24]. 

 The protein content increased with the increase in pigeon pea flour, similar trend was observed by other authors [25, 
26].  Protein is required for growth, repair and maintenance of the body.  It also acts as enzymes and hormones, maintain 
fluid, electrolyte and acid-base balance also strong immune system.  Protein also act as carriers for other nutrients such 
as lipids, iron, vitamin A, sodium and potassium [27]. The result indicates that cookies of improved protein content 
could be produced from blends of whole wheat, unripe banana and pigeon pea flours.  The carbohydrate content of the 
cookies ranges from 57.03% to 62.80%. The carbohydrate content of the cookies decreases as the percentage of pigeon 
pea and unripe banana flour increase this may be due to the low amount of carbohydrate content in pigeon pea and high 
sugar content in unripe banana [28].  The result of the proximate composition revealed that inclusion of 5% each of 
unripe banana and pigeon pea into whole wheat (sample WBPC) for cookies production had the best nutritional value. 

Table 2 Proximate result for cookies produce from Whole wheat, Banana and Pigeon pea composite flour.  

Sample %Moisture %Ash %Fat %Fibre %Protein %Carbohydrate 

WBPA 5.26±0.03C 2.28±0.01a 18.59±0.08C 3.77±0.08a 9.13±0.07a 60.97±0.03b 

WBPB 4.23±0.00b 2.27±0.02a 16.50±0.00a 3.93±0.01b 10.28±0.011b 62.80±0.12C 

WBPC 7.34±0.03d 2.75±0.07b 17.07±0.07b 4.25±0.04C 11.33±0.17C 57.25±0.23a 

WBPD 2.85±0.05a 2.47±0.03b 20.29±0.03d 5.03±0.02d 12.33±0.10d 57.03±0.11a 

Values are means ± SD (standard deviation) of triplicate determinations. Means on the same column with different superscripts are significantly 
different at P<0.05.  WBPA=100% whole wheat+ 0% unripe banana +0% pigeon pea WBPB= 95% whole wheat+2.5% unripe banana +2.5% pigeon 

pea WBPC= 90% whole wheat+ 5% unripe banana +5% pigeon pea WBPD= 80% whole wheat+ 10% unripe banana +10% pigeon pea. 
 

The nutritional values of food are usually reduced by anti-nutrients resulting to reduction in bioavailability, digestibility 
and utilization of nutrients.  The result on Table 3 showed that tannin content ranged from 0.11 mg/100 g to 0.16 
mg/100 g, 0.38mg/100g – 0.40mg/100g for oxalate, 0.04 mg/100g – 0.08 mg/100g for phytate and 0.02mg/100g to 
0.03mg/100g for cyanide.  Significant difference occurred among the samples for tannin, oxalate, phytate and cyanide 
content.  The low tannin content is good because they form insoluble complexes with proteins to decrease digestibility 
of proteins. They can also provoke astringent reaction in the mouth and decrease palatability of food and cause damage 
to intestinal tract and enhance carcinogenesis [29, 30].  Inyang and Ekpo [31] reported that tannin is present in all parts 
of the plants which inhibit trypsin, chymotrypsin, amylase and lipase activities.  The low oxalate values obtained is 
advantageous to man as lethal dose reported for man should be between 2 to 5 g/kg hence the cookies are safe from the 
stand point of oxalate level [32].  Oxalate is known to form complexes with most essential trace elements such as calcium 
resulting to unavailability for enzymatic and other metabolic activities [30].  Phytate content of the cookies samples 
increases as the percentage of unripe banana and pigeon pea flour increase although the values recorded were low (0.04 
to 0.09 mg/100 g).  Phytate at low and high pH form complexes with protein causing indigestion of food and flatulence.  
Okpala and Okoli [33] reported low values for cookies (0.56 to 0.70 mg/100 g) produced from pigeon pea, cocoyam and 
sorghum flour blends. The values recorded in this study are below the recommended limit for phytate that is 250 to 500 
mg/100g [34].  The value for cyanide was low with the increase in substitution of unripe banana and pigeon pea flour.  
The result in this study showed that unripe banana and pigeon pea flour are not rich in cyanide. 

Table 3 Anti nutritional properties of cookies (mg/100g). 

Sample Tannin Oxalate Phytate Cyanide 

WBPA 0.13±0.01a 0.38±0.01b 0.04±0.01a 0.02±0.00c 

WBPB 0.16±0.01ab 0.39±0.00a 0.05±0.01a 0.02±0.00a 

WBPC 0.15±0.00b 0.40±0.01b 0.08±0.01b 0.02±0.00b 

WBPD 0.11±0.01a 0.37±0.00a 0.09±0.01b 0.03±0.00d 
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Values are means ± SD (standard deviation) of triplicate determinations. Means on the same column with different superscripts are significantly 
different at P<0.05.  WBPA=100% whole wheat+ 0% unripe banana +0% pigeon pea WBPB= 95% whole wheat+2.5% unripe banana +2.5% pigeon 

pea WBPC= 90% whole wheat+ 5% unripe banana +5% pigeon pea WBPD= 80% whole wheat+ 10% unripe banana +10% pigeon pea. 
 

Table 4 showed the mean sensory result scored by panelist for appearance, aroma, crispiness, taste and general 
acceptability for cookies produced from composite of whole wheat, Unripe banana and pigeon pea flours.   Appearance 
and taste are important sensory attributes that affect the acceptability of food products. There was no significant 
(P>0.05) different in the mean values for appearance of samples WBPA and WBPC but significant difference occurred 
between samples WBPB and WBPD.  The taste, aroma and crispness for cookies produced from the composite flour 
were not significantly different. The mean scores for crispiness of the cookies insignificantly (P>0.05) decreased with 
increased in pigeon pea and unripe banana flour inclusion. The mean scores for overall acceptability of the cookies 
showed that cookies produced from blends of 90% whole wheat, 5% unripe banana and 5% pigeon pea flours (WBPC) 
as well as 100%whole wheat, 0% unripe banana and 0% pigeon pea flours (WBPA) were the most preferred cookies 
and were significantly (P<0.05) different from the rest of the cookies. The result of sensory quality revealed that 
substitution of whole wheat flour with 5% each of pigeon pea and unripe banana flour is best. 

Table 4 Sensory result of cookies from the composite flour. 

Sample Appearance Aroma Crispiness Taste General Acceptability 

WBPA 7.70±0.37ab 8.30±0.26a 7.70±0.34a 7.60±0.40a 8.50±0.22b 

WBPB 7.80±0.39b 7.80±0.44a 8.20±0.33a 7.80±0.25a 7.90±0.28ab 

WBPC 7.70±0.21ab 7.70±0.030a 7.50±0.27a 7.40±0.45a 8.40±0.22ab 

WBPD 6.50±0.58a 7.70±0.40a 7.40±0.50a 7.40±0.69a 7.50±0.45a 

Values are means ± SD (standard deviation) of triplicate determinations. Means on the same column with different superscripts are significantly 
different at P<0.05.  WBPA=100% whole wheat+ 0% unripe banana +0% pigeon pea WBPB= 95% whole wheat+2.5% unripe banana +2.5% pigeon 

pea WBPC= 90% whole wheat+ 5% unripe banana +5% pigeon pea WBPD= 80% whole wheat+ 10% unripe banana +10% pigeon pea. 

4. Conclusion 

The results from this study showed that sample WBPC with highest protein, ash, fibre, low carbohydrate content, highest 
acceptability and low anti nutritional content have demonstrated that it is possible to use whole wheat, unripe banana 
and pigeon pea flour blends to produce acceptable cookies with increase nutritional value.  The use of these locally 
grown crops to produce cookies will go a long way in reducing dependence on importation of wheat flour thereby reduce 
foreign exchange use, it will also increase the production of these locally grown crops, consumption, utilization, 
economic power of local farmers and increase protein intake of the consumers of the product.  It is recommended 
therefore that the flour blends at 80:5:5 should be used in baking industries to create awareness and increase the 
availability of cheap healthy products.  
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