
                                                           

                                                       Addis Ababa University  

                                             Addis Ababa Institute of Technology (AAiT) 

                                             School of Chemical and Bio-Engineering 

Production and Characterization of quality biscuits from the blend of banana and wheat 
flours 

                                                               By: 

                                                 Koak Mot Kuechuor  
 

A thesis submitted to Addis Ababa University (AAU), Addis Ababa Institute of Technology 

(AAiT), School of Chemical and Bio-Engineering, in partial fulfillment of the requirements for 

the degree of Master of Science in Chemical Engineering (Food Engineering)   

 
  Advisor:  Adamu Zegeye (Assoc. Prof.) 

 

 

                                                                                                                     November, 2021 

                                                                                                                     Addis Ababa, Ethiopia 



AAU, AAiT                                                            Final Thesis  Page i 
 

Production and Characterization of quality biscuits from the blend of banana and wheat 
flours 

                                                               By: 

                                                 Koak Mot Kuechuor  
 

A thesis submitted to Addis Ababa University (AAU), Addis Ababa Institute of Technology 

(AAiT), School of Chemical and Bio-Engineering, in partial fulfillment of the requirements for 

the degree of Master of Science in Chemical Engineering (Food Engineering)   

 
  Advisor:  Adamu Zegeye (Assoc. Prof.) 

 

 

                                                                                                                   

 

    
                                                                                                     

 

 

                                                                                                                                November, 2021 

                                                                                                                     Addis Ababa, Ethiopia 

 



AAU, AAiT                                                            Final Thesis  Page ii 
 

Declaration 

The thesis work entitled “Production  and Characterization of Quality Biscuits From The 

Blend of Banana and Wheat Flours” has not been presented for Master’s degree in Addis 

Ababa University, Addis Ababa Institute of Technology or in any other University. 

I have already referenced through appropriate referencing, and acknowledged for the 

identified materials for the others work in this thesis.  

The thesis work was supervised under the guidance of Adamu Zegeye (Assoc. Prof.) in the 

School of Chemical and Bio-Engineering  

  

Name: Koak Mot Kuechuor 

Signature:     _________________ 

Date of Submission: ________________ 

Advisor: Adamu Zegeye (Assoc. Prof.) 

Signature: ______________________ 

 

 

 

 

 

 

 

 

 

 



AAU, AAiT                                                            Final Thesis  Page iv 
 

Acknowledgment 

First and foremost I would like to glorify the Almighty God for his guidance throughout my 

school life from pre-school till the final of this thesis work of Master’s degree program. Without 

His care upon me, heavenly father, nothing I could achieve in this difficult task. 

 I would like to acknowledge and appreciate the eminent role played by my advisor Adamu 

Zegeye (Assoc. Prof.) for his tremendous support and vital comments to complete this thesis 

work from beginning up to the end to acquire the current level of success.  

 I wish to acknowledge the Addis Ababa Science and Technology University for kindly providing 

me all laboratory chemicals used during my thesis laboratory works. I am also grateful to 

Melkassa Agricultural Research Center for providing me cooking banana (Cardaba Musa ABB) 

variety      

 I would also like to express my deep sense of gratefulness and thanks to all the staff of the 

School of Chemical and Bio-Engineering, Addis Ababa Institute of Technology for their valuable 

guidance, personal assistance and motivation to carry out this thesis work. My deepest 

gratitude goes to   Staff of Kality food Share Company for their support during manufacturing of 

biscuit. 

I am also highly thankful to my classmates for their supportive cooperation during the courses 

and research work. 

I would like to acknowledge Gambella University for sponsoring my post graduate study. 

Last but not least my sincerely thanks goes to my family and friends who supported me with 

words of courage and inspiration throughout my entire study. 

 

 

  

 

 



AAU, AAiT                                                            Final Thesis  Page iii 
 

This is to certify that, the thesis prepared by Koak Mot Kuechuor, entitled “Production and 

Characterization of Quality Biscuits From The Blend of Banana and Wheat Flours” 

and submitted in partial fulfillment of the requirement for the Degree of Master of Science in 

Food Engineering completes with regulation of the University and meets the accepted standard 

with respect to originality and quality. 

Approved and Signed by the Examining Committee:                                                                                                

Chairman, School’s Graduate Committee                               Signature                                  Date  

Name: ____________________________                      ___________                        __________ 

Advisor 

Name: Adamu Zegeye (Assoc. Prof.)                                  __________                        ___________ 

External Examiner 

Name:  _____________________________                    __________                         __________ 

Internal Examiner 

Name: _____________________________                     _________                           __________ 

 

 

 

 

 

 



AAU, AAiT                                                            Final Thesis  Page v 
 

Table of contents                                                                                                            Pages 

Declaration .................................................................................................................................................... ii 

Acknowledgment ......................................................................................................................................... iv 

Table of contents .......................................................................................................................................... v 

List of Tables ............................................................................................................................................... vii 

List of Figures .............................................................................................................................................. vii 

List of abbreviations ................................................................................................................................... viii 

Abstract ........................................................................................................................................................ ix 

1. Introduction .............................................................................................................................................. 1 

1.1. Background ........................................................................................................................................ 1 

1.2. Statements of the problem ................................................................................................................ 6 

1.3. Objectives........................................................................................................................................... 7 

1.3.1. General objectives ...................................................................................................................... 7 

1.3.2. Specific objectives ....................................................................................................................... 7 

1.4. Research questions ............................................................................................................................ 7 

1.5. Significance of the study .................................................................................................................... 7 

1.6. Scope of the study ............................................................................................................................. 8 

2. Literature review ....................................................................................................................................... 9 

2.1. Overview of banana production in the world and Africa .................................................................. 9 

2.2. Processing and utilization of banana ............................................................................................... 12 

2.2.1. Processing technology of banana based value added products ............................................... 13 

2.2.2. Utilization and marketing of value added banana products .................................................... 14 

2.3. Composition and characterization of starch .................................................................................... 15 

2.4. Cooking banana starch types ........................................................................................................... 16 

2.5. Manufacture of biscuit from starch based cooking banana ............................................................ 18 

2.6. Bakery products manufacturing ...................................................................................................... 18 

2.7. Summary of literature reviews ........................................................................................................ 20 

3. Materials and Methods ........................................................................................................................... 21 

3.1. Materials collection, transportation, preparation and storage ....................................................... 21 

3.1.1. Materials collection and transportation ................................................................................... 21 

3.1.2. Sample preparation and storage .............................................................................................. 21 

3.2. Research frame work ....................................................................................................................... 23 



AAU, AAiT                                                            Final Thesis  Page vi 
 

3.3. Processing method ........................................................................................................................... 24 

3.3.1. Production of cardaba banana flour ......................................................................................... 24 

3.3.2. Starch isolation.......................................................................................................................... 25 

3.3.3. Formulation of composite blends ............................................................................................. 26 

3.4. Production of Biscuit ........................................................................................................................ 26 

3.5. Analytical methods .......................................................................................................................... 28 

3.5.1. Proximate analysis of banana flour and starch ......................................................................... 28 

3.5.2. Functional properties of flour and starch ................................................................................. 32 

3.5.3. Morphology of the starch granules........................................................................................... 33 

3.5.4. Pasting properties of cooking banana starch............................................................................ 33 

3.5.5. Thermal properties of cooking banana starch .......................................................................... 34 

3.5.6. Microbiological analysis ............................................................................................................ 34 

3.5.7. Sensory Evaluation .................................................................................................................... 35 

3.6. Experimental design and Statistical analysis ................................................................................... 35 

4. Results and Discussion ............................................................................................................................ 36 

4.1. Physicochemical properties of unripe banana flour and starch ...................................................... 36 

4.2. Functional properties of unripe banana flour and starch ................................................................ 37 

4.3. Morphology of the starch granules ................................................................................................. 40 

4.4. Starch digestibility and glycemic index ............................................................................................ 41 

4.5. Pasting property of cardaba banana starch ..................................................................................... 44 

4.6. Thermal property of cardaba banana starch ................................................................................... 45 

4.7. Functional properties of wheat- unripe banana flour blends .......................................................... 47 

4.8. Proximate composition of biscuits produced from wheat-unripe banana flour ............................. 49 

4.9. Sensory evaluation of biscuits produced from wheat-unripe banana flour .................................... 55 

4.10. Mineral composition of biscuits produced from wheat-unripe banana flour ............................... 59 

5. Conclusions and Recommendation ......................................................................................................... 61 

5.1. Conclusions ...................................................................................................................................... 61 

5.2. Recommendations ........................................................................................................................... 63 

References .................................................................................................................................................. 64 

Appendices ................................................................................................................................................. 69 

 

 



AAU, AAiT                                                            Final Thesis  Page vii 
 

List of Tables  

Table 2.1. Top ten major world producer of banana and plantain by country .......................................... 11 

Table 2.2. Main cultivars of banana and plantain (cooking banana) .......................................................... 17 

Table 3.1. Samples of flour blends for biscuit production .......................................................................... 26 

Table 4.1. Physicochemical analysis of unripe banana flour and starch ...................................................... 36 

Table 4.2. Functional properties of unripe banana flour and starch ........................................................... 37 

Table 4.3. Property of the paste (RVA) of Cardaba banana starch  ............................................................. 44 

Table 4.4. Thermal property of Cardaba starch  .......................................................................................... 45 

Table 4.5. Functional properties analysis of wheat-unripe banana flour blends ....................................... 47 

Table 4.6. Proximate composition of biscuit produced from wheat- unripe banana flour blends .............. 49 

Table 4.7. Microbial analysis of flour blends .............................................................................................. 54 

Table 4.8. Sensory evaluation of biscuit produced from wheat-unripe banana flour blends ...................... 55 

Table 4.9. Mineral composition of biscuits produced from wheat-unripe banana flour blends ................. 59 

List of Figures 

Figure 1.1. Banana plant ............................................................................................................................... 5 

Figure 3.1. Cooking banana pictures ........................................................................................................... 21 

Figure 3.2. Cooking banana samples preparation and storage .................................................................. 22 

Figure 3.3. Experimental Framework of the Research ............................................................................... 23 

Figure 3.4. Flow Chart for Processing of Cooking Banana Flour (Cardaba Musa ABB) ............................... 24 

Figure 3.5. Banana Starch Isolation Method .............................................................................................. 25 

Figure 3.6. Flow Chart of Biscuit Production .............................................................................................. 27 

Figure 4.1. Swelling Power (a and c) and Solubility (b and d) in the Function of the Temperature and PH of 

Cardaba Banana Starch ............................................................................................................................... 39 

Figure 4.2. Morphology of the Starch Granules by SEM ............................................................................. 40 

Figure 4.3. Average in vitro starch hydrolysis curves of cooked banana flour ........................................... 41 

Figure 4.4. Predicted glycemic index of the cookies                  Where ‘UBF’ is unripe banana flour .......... 42 

Figure 4.5. Viscosity profile of paste of cardaba banana starch .................................................................. 45 

Figure 4.6. DSC cure for the cardaba banana starch .................................................................................. 46 

Figure 4.7. Wheat-unripe banana flour blends sample for proximate analysis ......................................... 53 

Figure 4.8. Biscuit recipes for sensory evaluation ...................................................................................... 58 

 

 

 

 

 

 



AAU, AAiT                                                            Final Thesis  Page viii 
 

List of abbreviations  

AACC                            Approved Methods of the American Association of Cereal Chemists 

ANOVA                        Analysis Of Variance 

AOAC                           Association Of analytical Chemists 

CFC                              Common Fund for Commodities 

CSA                              Central Statistics Agency  

DSC                              Differential Scanning Calorimetry 

EHNRI                          Ethiopian Health and Nutrition Research Institute 

FAO                              Food and Agricultural Organization 

LSD                               List Significant Difference 

MARC                          Melkassa Agricultural Research Center 

NA                               Nutrient Agar 

NIS                               Nigeria Industrial Standard 

RVA                              Rapid Visco Analyser  

SEM                             Scanning Electron Microscope 

SON                             Standard Organization of Nigeria                        

SPSS                             Statistical Package for Social Science  

SD                                Standard Deviation 

WAC                            Water Absorption Capacity 

WHO                             World Health Organization  

 



AAU, AAiT                                                            Final Thesis  Page ix 
 

Abstract 

Banana (Musasp.) is cheap and has been grown in most parts of Ethiopia. In its green stage, 

banana contains mainly carbohydrate especially starch; therefore, it is suited to use as the 

source of starch and flour. Then banana flour was used for starch isolation using 0.05N NaOH. 

The gelatinization temperature ranges obtained from differential scanning calorimetry (DSC) 

were 66.50°C, 75.16°C and 86.54oC for starches. The study was also carried out to determine the 

biscuit making potentials of cooking banana and wheat flour blends. Accordingly, all the banana 

flour and starch samples were characterized, and biscuit samples were subjected to laboratory 

analysis for proximate and minerals using standard methods. Supplementation  of  wheat  flour  

with  cooking  banana  flour significantly p<0.05)  increased  the  ash  (1.34-2.10%),  crude  fibre  

(1.06-2.81%)  and  moisture contents (2.77-8.91%) of the cookies while a decrease in the fat 

(31.37-29.28%), protein (8.31-7.53%) and carbohydrate (55.15-49.37%) was observed. The 

sensory results also showed that cookies with 10% substitution of cooking banana flour were 

preferable for colour, texture, aroma and  taste,  and  this  compared  favourably  with  100%  

wheat  flour  cookies.  The minerals were 5.89-6.12mg Ca, 0.48-0.82mg Fe, and 22.10-23.93mg 

P. The present result showed that cooking banana flour has high potential as value added 

ingredient in cookies production for household utilization.  

Keywords: Biscuit, Characterization, Cooking banana flour, Starch, Quality    



    1. Introduction  

      1.1. Background  

Banana (Musa sp.) is the second largest produced fruit after citrus, contributing about 16% of 

the world’s total fruit production. India is the largest producer of banana, contributing 27% of 

the world’s banana production (FAO, 2019). As a major staple fruit, banana represents the 

eighth top-starchy source in the world and its per capita consumption is estimated at about 0.5 

kg/day in Latin America and over 1 kg/day in Eastern Africa. Besides being a main source of 

carbohydrates for over 500 million inhabitants of tropical countries (Aurore et. al., 2009), 

banana is also of major economic significance, as this fruit contributes a considerable portion of 

the annual income for the small stakeholders (Bello-Pérez et. al., 2012; Zhang et. al., 2005). 

There are more than 1000 varieties of banana produced and consumed in the world, among 

which three common species of Musa (Musa cavendishii, Musa paradisiaca, and Musa 

sapientum) are widely grown. M. cavendishii, known as dessert banana, is sweeter and less 

starchy than M. paradisiaca,whileM. sapientum, known as true banana, is usually eaten raw 

when fully mature (Mohapatra et. al., 2010). 

Dessert bananas, at the fully ripe stage, are mostly eaten raw or used in a variety of desserts 

(Gibert et. al., 2009). Cooking bananas, which are consumed at different stages of maturity, are 

mostly consumed in the cooked form. Consumers often prefer one variety over the other, 

based on the cooking method and consumption preference. Bello-Pérez et. al. (2012) noted 

that the literature lacks information on the textural behavior of banana products during 

thermal processing, and also on hot textural characteristics linked to consumer perception of 

texture and mouth feel. In the food industry, green banana flour (GBF) has been utilized in the 

development of many food products including cereal bars, cookies, crackers, noodles, and 

pasta. GBF and starches have attracted significant attention from nutritionists and health 

professionals because of their positive effect on human health since they increase the intake of 

unavailable carbohydrates, which may reduce the risk of non-communicable diseases (Giuntini 

et. al., 2015; Sardá et. al., 2016). 
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 Therefore, the consumption of unripe GBF is helpful in maintaining human health and reduces 

postharvest losses of the fruits. Comparison between unripe and ripe banana peel showed that 

there was a substantial decrease in starch content as the fruit ripens. Waghmare and Arya, 

2016 reported that unripe banana peel was rich in starch and total carbohydrates. Gebregergs 

et. al. 2016 reported low starch and high sugar content in ripe banana peel. Banana is one of 

the most widely grown tropical fruit, cultivated in over 130 countries along the tropics and 

subtropics of Capricorn (Mohapatra et. al., 2010), where they are highly influenced by climate, 

contributing significantly to the economy of many countries and also being a staple fruit in 

many of them. Banana produces a huge quantity of by-products or solid waste during harvest 

and postharvest operations. In order to get a clear picture of the by-products, one needs to 

know the different parts of the banana plant and their role in human nourishment.  Although 

bananas and plantains are among the top fruit crops, limited industrial products are made from 

these. The most common banana products are puree, juices, and chips.  

Despite the high production, about 20% of the average produce is wasted due to the perishable 

nature of the fruits and also rejected fruits are disposed of improperly. The loss is severe in 

Brazil. According to the Brazilian Banana Producers Association, 40% of production is lost 

because of lack of coordination from farming to marketing (Izidoro et. al., 2007). The rate of 

plantain postharvest losses varies among countries, and depend upon the organization of 

production, handling of fruits, and modes of consumption. The losses can be minimized by the 

processing of rejected fruits and the utilization of green banana pulp, which contains 70–80% 

starch on a dry weight basis (Izidoro et. al., 2011). These terrible post-harvest losses drive to 

study on the variety processing and application of banana with the vision to exploit this crop 

(Ovando-Martinez et. al., 2009). Banana flour can be obtained from the raw banana. The 

production of banana flour starch from unripe banana has been reported by Nwogu (2018).  
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The flour has autoclaved possessed thickening and cooking characteristics nearly similar to the 

isolated banana starch. A few authors reported that banana starch contribute to low solubility 

and limited swelling power (De La Torre-Gutierrez et.al, 2008). However the native starch has a 

lack of certain desirable properties for industrial application. Therefore banana starch can be 

modified to suit it for industrial application. Banana flour can be made from bananas that are 

cooked or still raw. Banana flour has been processed into various types of food, such as bread, 

baby food, pancakes, pastries, dry noodles and pasta, unripe bananas are a good source of 

carbohydrates and nutritionally interesting bioactive compounds. Several studies have 

suggested that consumption of unripe banana exerts a beneficial effect on the human health, 

associate with the indigestible components. Nowadays bananas are being considered as a food 

ingredient (Ovando-Martinez et. al., 2009). Banana is one of the commodities that have a very 

high chance for diversification, secure food security and agro processing industry in Ethiopia. 

Because of banana potential source of carbohydrates, minerals and fiber content are highly 

qualified as food commodities and food diet. Mature green bananas are very rich in starch, 

which is resistant to amylase and glycol-amylase due to its high degree of intrinsic crystalline 

structure (Choo and Aziz, 2010). 

 The world banana production is increasing almost yearly and reached approximately 100 

million metric tons in 2008 which make banana fruit with the largest world production (FAO, 

2008).  Ethiopia a country which have suitable climatic condition; gives a chance for the growth 

of a large amount of fruits and vegetables. At the mean time the post-harvest loss is very high 

due to felicity for agricultural technologies supplications, food processing technologies, 

economic growth, enact technologies and studies on food processing (Woldu et. al., 2015). 

Ethiopia a country with ancient history still practice traditional ways of food preserving 

technologies. Instead of drying fruits and vegetables drying cereals is frequently applied. 

Implementation of fruits and vegetables drying is minuscule in this country. Post harvesting 

ventures such as transportation, storage and consumptions give an opportunity for high 

product loss. It is estimated that about 30% of fruits and vegetables get lost across the country 

(Varmer et. al., 2019). 
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 In country where millions of small holder farmers engaged in fruit production, observing such 

loss is massive crises. Bananas are among domestically consumed fruits in countries engaged in 

manufacturing it, providing substantial nutrient   and maintaining   food security for more than 

400 million people (Habtamu, 2020). In Ethiopia about 68.72% (37,076.85 hectares) of land 

covered by banana, about 77.53% (370,784.17 tonnes) of the banana produced and 22.38% 

(1,504,207) of the banana producers in Ethiopia are found in the south nations nationalities and 

peoples’ national regional state SNNPR (CSA, 2014). Gamo-Gofa, Bench-Maji and Sheka zone 

are among the major banana producing zone of the SNNPRS, of which Gamo-Gofa zone a lone 

covers over 70% of the total banana marketed across the major market outlets in Ethiopia (CFC, 

2004; Zenebe et. al., 2015). Post-harvest loss of perishable commodities is estimated to be as 

high as 50% (FAO, 1981) and banana post-harvest loss is estimated to be ranging from 26.5% 

(Mulualem et. al., 2015) to 30-40% in Ethiopia (Dawit et. al., 2008). 

 Post-harvest loss tend to face against the production and the business of this crop in the 

country. Those loss including lack of improved postharvest techniques, it’s physical and 

chemical characteristics, middle man or brokers, long distance transportation, traditional 

kerosene gas smoking ripening system, price fluctuation due to seasonal high and low 

production, high amount of unmanaged banana peel and bunch waste and lack of storage etc. 

Recently Ethiopian struggle to transform from agriculture sector to manufacturing sector and 

secure their people food security. So secure food security and enhance the manufacturing 

sector of banana fruit has high capacity to processed products such as banana flour, banana 

juice, banana wine, banana chips, banana sauce, banana jam and others value products 

because their high resource amount and nutritional value. Banana flour is generally produced 

with green banana that are peeled, chopped, dried and then ground into flour (Ovando-

Martinez et. al., 2009). 
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Figure 1.1. Banana plant 

Source: Koak (2021) 
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      1.2. Statements of the problem    

The most important concern of food security across the world is post-harvest loss. It affects the 

output of the product. Loss of large amount fresh fruits across the world is increasing from time 

to time. It is estimated that about 20 - 40% of fruits lost in developing countries but when 

observing the developed countries the total fruit production loss ranges from 10 to 15%, 

depending on the fruit type and the season (Kitinoja, 2015). There are high fruits and 

vegetables production in Ethiopia, but due to poor handling of product about 30% of 

production get lost (Fernando et. al., 2019).  Banana production in Ethiopia is very high; the 

climate and soil condition gives a good opportunity for the fruit to grow. Seeing banana in 

Ethiopian market is very common and it is the first selected fruit to consume for events that 

acquire social interactions. This loss due to physical and chemical nature of banana, 

perishability, easily to damage by mechanical action, short shelf life, long distance, overloaded 

transportation without any refrigerator, traditional kerosene gas smoking ripping techniques, 

no having any standard handling and storage ripping and fresh fruit etc. the properties of 

cooking banana flour and starch characterization in the manufacturing of food products in the 

food industry was not known for the making of quality food. Banana flour was not known to be 

a suitable fruit that should be cooks for production of biscuit. 

This fruit is among the fruits with the richest iron, calcium and other minerals. However, they 

are highly perishable and subjected to fast deterioration, as its moisture content and high 

metabolic activity persists after harvest. Air drying alone or together with oven drying is largely 

used for pressuring unripe banana. Besides, relying preservation with pressing add value to 

banana. Banana chip and biscuit are such a value added product with a crispy and unique taste, 

consumed as snack and as an ingredient of breakfast cereals. Banana powder flour can be 

prepared after several drying process which was one of the objective of this study to determine 

drying and flour production to make stable for at least one year after packaging. This flour will 

be used in baking industries for nutritious diet. To use banana flour as ingredients for food 

industry, it is necessary to characterize their chemical and nutritional composition as well as 

their physical, chemical, rheological and functional properties.  
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1.3. Objectives 

  1.3.1. General objectives  

The study was aim to produce and characterize quality biscuits from the blend of banana and 

wheat flours 

  1.3.2. Specific objectives  

 To characterize the cooking banana flour and starch 

 To assess the starch digestibility and glycemic index 

 To evaluate the pasting and thermal properties of cooking banana starch 

 To evaluate the composition of banana flour and starch  

 To produce and evaluate biscuit from wheat and cooking banana     

1.4. Research questions 

 What are the analysing parameters that affect the quality attributes of flour blends? 

 What analysis should be conducted in order to study the composition of banana 

flour and starch?  

 What should be effect of blend proportion on the equality attributes of biscuits? 

1.5. Significance of the study  

The water content of most of the fruits and vegetables is higher than 80%, which limits their 

shelf life and makes them more susceptible to storage and transport conditions. Nowadays, 

Ethiopian government starts to establish integrated agro processing Industry Park in different 

cities and promote value added agricultural products. This study on cooking banana flour and 

starch characterization will have many significance such as: 

 Storing high nutrient with relatively low cost or enhance shelf life 

 Reducing moisture content at maximum stage 

 Providing alternative food supply and energy 

 Providing products with health benefits to the consumers  
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1.6. Scope of the study  

The proposal of this thesis give special emphasis to produce biscuit from cooked banana flour 

and starch characterization. The scope of work includes preliminary assessment on laboratories 

scale and pilot scale oven brand and cooking banana flour, raw material and equipment 

supplies availability, location, financial and socio-economic feasibility. 
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     2. Literature review  

      2.1. Overview of banana production in the world and Africa  

Bananas are produced in large quantities in tropical and subtropical areas. World production of 

Musa in 2003 was estimated at 102 million MT of which about 68% was classified as bananas 

and 32% as plantains (FAO, 2003). The crop is of major importance to the people in the growing 

areas as it forms a major portion of the annual income and a source of food. As is the case for 

most tropical products, due to the special climatic conditions needed to grow bananas, they are 

mainly produced in developing countries. Developed countries are the usual destination for 

export bananas. Production, as well as exports and imports of bananas, are highly concentrated 

in a few countries. Ten major banana-producing countries accounted for about 75% of total 

production in 2003 with India, Ecuador, Brazil, and China accounting for half of the total. Latin 

America and the Caribbean islands supplied more than 80% of world total exports (ca. 15 

million MT), with the four leading banana exporter countries (Ecuador, Costa Rica, Philippines 

and Colombia) accounting for about two-thirds of world exports (FAO, 2003). 

Banana is grown in almost every country in the world especially in the tropical and subtropical 

countries where it has been sustainably cultivated and thus contributed to the country’s 

economy (Zhang et. al., 2005). India remains the largest banana producing country in the world, 

which produce more than 25% of the world’s banana production (FAO, 2010a). Despite being 

the top ranked world’s banana producers, most of banana produced in India are used for its 

domestic market and only about 0.04% is exported. Thus, total exports of banana from India 

are dreadfully low as compared to other leading global banana exporting countries such as 

Ecuador, Costa Rica, Philippines, and Colombia, which accounts for more than 60% of the 

world’s exports. The top importers of banana are the United States and European Union. The 

largest plantain producing countries are mostly African countries where plantain is one of the 

staple food in the region.  

 

 

https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib25
https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib25
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According to FAO (2010a), Uganda is the largest plantain producer with an estimated 

production of 9.6 million tonnes, followed by Ghana and Rwanda. Banana production is 

generally grouped into two different categories; the vast majorities being the small scale 

farmers that produce banana mainly for self-consumption and for the domestic market while 

the other group involves largest plantations and companies that supplies both domestic as well 

as international markets. Based on the statistics by FAO (2010b), there are 93.3 million tons of 

dessert bananas and 34.3 million tons of plantains were produced in 2010 ahead of apple (70 

million tons), orange (69 million tons) as well as grape (68 million tons). However, in the 

previous year’s statistics, less than 20% of the total production is traded internationally, which 

valued around 7 billion Euros (Aurore et. al., 2009). The common internationally traded dessert 

bananas are mostly from the cultivated AAA group varieties such as “Cavendish”, “Gros 

Michel”, and “Grande Naine”. Other well-known varieties which are endemic to a certain region 

includes “Yangambi km5, AAA” found mostly in eastern Africa, “Red banana, AAA” and “Mysore 

AAB” found southeast Asia as well as “Silk AAB” and “Bluggoe ABB” which are found across the 

tropical region (Ploetz et. al., 2007). 
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Table 2.1. Top ten major world producer of banana and plantain by country  

Rank                               Banana                                          Plantain   

                 Country                  Productiona                Country           Productiona 

1              India                      31,897,900                  Uganda             9,550,000 

2              China                     9,848,895                    Ghana               3,537,730 

3              Philippines             1,101,340                    Rwanda            2,749,150 

4              Equador                 7,931,060                    Nigeria              2,733,300 

5              Brazil                     6,978,310                    Cameroon         2,604,100 

6              Indonesia               5,814,580                     Colombia        2,815,050 

7              Tanzania                2,924,700                     Peru                 2,007,280 

8              Guatemala             2,621,500                     Cote d’Ivoire    1,600,000 

9              Mexico                  2,103,360                     Congo               1,250,690 

10            Colombia              2,034,340                      Kenya               791,579 

11             Ethiopia                370,784                         Ethiopia            1,504,270 

Source: FAO, 2010a  

a value are expressed in metric tones 
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     2.2. Processing and utilization of banana  

Processing and uses banana are staple food in many parts of eastern Africa. Bananas are a good 

source of potassium, which helps keep your body fluids in balance. Banana is an ideal food for 

toddlers’ invalids and people living with HIV/AIDS (Aurore et. al., 2009). Banana is consumed 

after removal of peel and it is a good source of vitamin B6, potassium and fibre. Ripen banana 

fruit is mainly consumed as raw, whereas unripen fruit is utilized as cooked vegetable and chips 

etc… the fruit can also be processed for a number of food products. Ripen banana fruits can be 

pulped for puree making which further used in a varieties of products including ice cream, 

yogurt, cake, bread, nectar, and baby food. Ripen fruits can be dried and eaten, or sliced, 

canned with syrup, and used in bakery products, fruits salads and toppings. (Aurore et. al., 

2009), green banana can be sliced and fried as chips. Whole grain fruits can also be dried and 

group into flour. Vinegar and alcoholic beverages can be made from fermented ripe bananas. 

Other parts of the banana plant are consumed besides the fruit.  

The banana leaves are not eaten but many be used for wrapping food in cooking (Mohapatra   

et. al., 2010). The banana foliage and pseudo stems are used as cattle feed during dry period in 

some banana producing areas. Culled banana are used to feed cattle and hogs. Bananas are a 

good energy source but need to be supplemented with protein (Emaga et. al., 2008; Domond 

et. al., 1998a, 1998b). In the food industry, green banana flour (GBF) has been utilized in the 

development of many food products including cereal bars, cookies, crackers, noodles, and 

pasta. GBF and starches have attracted significant attention from nutritionists and health 

professionals because of their positive effect on human health since they increase the intake of 

unavailable carbohydrates, which may reduce the risk of non-communicable diseases (Giuntini 

et. al., 2015; Sarda et. al., 2016).Therefore, the consumption of unripe GBF is helpful in 

maintaining human health and reduces postharvest losses of the fruits. 
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      2.2.1. Processing technology of banana based value added products  

Drying is the best processing method for a perishable food product. Drying of cooking banana 

with temperatures 180oc from time range 24 h using tray drier (Aurore et. al., 2009). There is 

huge demand of fruit powders in the baking and confectionery industry. The demand for 

banana flour in bakery products is increasing worldwide and banana flour is currently being 

exploited in baking and complementary weaning food (Baiyeri, 2004; Adeniji and Empere, 

2001). Flour has a longer shelf life than the raw fruits because of reduced water activity. 

Converting fresh banana fruits to flour also adds value to them. Banana flour is prepared from 

green unripen fruit cooking banana or plantain and is therefore characterized by high starch 

content (Crowther, 1979; Thompson, 1995). Due to high nutritional value, banana flour has a 

great potential for commercialization. Banana powder used as a substitute for fresh banana in 

making traditional cakes or their premixes as well as in the processing of banana snacks, 

crackers or crisps due to present of sugar and starch. For consumption or processing of banana 

fruits are hand peeled which often proved difficult and takes time to achieve. 

 Crowther (1979) reported that fruits maybe soaked in hot water before peeling, but this 

method rarely helps, and with experience, hand peeling untreated fruit can be quite successful. 

The stage of maturity and the nutritional qualities are important factors in the production of 

banana flour and its uses in various food preparation. It has been observed that stage of 

banana ripeness affects the quality of chips and the physical properties of cooking banana 

flours. Factor affecting the production of a good quality banana powder are banana varieties 

and degree of ripeness. Mostly immature and over ripe fruits are screen out from bulk. Sweet 

banana has higher water content (75%) than cooking bananas and plantain (66%) according to 

Dadzie (1998). The high moisture content of banana which affects dry matter content must be 

taken into account when deciding which types or varieties of bananas are best suited for 

making flour or beverage. Therefore based on moisture and dry matter content, most cooking 

bananas can be better for making flour while most sweet bananas are better for making juice. 

Some of the improved hybrids produced by the international institute of tropical agriculture 

have differentials in water contents that may rank them in their classes for flour, juices, and 

liquors. 
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       2.2.2. Utilization and marketing of value added banana products  

Banana is a unique perennial single harvest plant. Its visible part, the pseudo, stem and leaves 

dies after it bears fruit to make way for the young budding plant (suckers) to rejuvenate from 

the rhizome. The harvesting of the fruit in plantation requires the decapitation of the whole 

plant so that the young suckers can replace the mother plant and these cycles can continue for 

unlimited generations. Generally, banana by-products includes the pseudo, stem, leaves, 

inflorescence, fruit stalk (floral stalk/rachis), rhizome and peels (Someya et. al., 2002). Most of 

these by-products may serve as an undervalued commodity with limited commercial value, 

application and some cases, it is considered as an agricultural waste. Banana is considered an 

auspicious plant and is used in a number of social and religious ceremonies. It is a common 

practice in India to decorate gates or doors with banana leaves. Banana peel contains sugars 

which can be used in the manufacture of alcoholic beverages and vinegar (Bakhru, 1995). 

 Floral stalk of banana plant contains high amount of starch, which can be extracted and used in 

pharmaceutical and food industry (Oliveira et. al., 2007). NMR analysis and microscopic 

examination of banana parts of “Dwarf Cavendish” variety indicated the presence of starch. The 

starch contents of floral stalk and leaf sheaths were 26.3% and 8.4%, respectively, whereas 

petioles/midrib, leaf blades and rachis contained about 1% starch. The efficiency of utilization 

of banana tops and stem increased with dietary protein supplement. Banana sheath was found 

suitable for feeding lambs (Subramanian et. al., 1988). Banana waste, rich in cellulosic matter, is 

used in the manufacture of paper. Manual and mechanical methods are used to extract the 

fibers from banana waste (Chauhan and Sharma, 2014). Quality and purity of the manually 

extracted fiber is high, producing higher grade paper than machine extracted fiber. However, 

machine extracted fibers are cheaper than those from the manual process. 
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      2.3. Composition and characterization of starch    

Raw starch is a semi-crystalline material, and the degree and type of crystallinity present is 

dependent mainly on the structural characteristics of amylopectin, though retrograded (re-

associated) amylose also produces a unique type of crystalline structure. Katz (1937), 

distinguished three types (A, B, and C) of crystalline structure for starch granules. Most cereal 

starches give a patterns; tuber, amylo maize, and retrograded starch yield B patterns; and 

certain root and seed starches, such as pea and bean starches, show C patterns. B-type 

diffraction patterns for banana starch have been often reported (Lii et. al., 1982; Faisant et. al., 

1995; Teixeira et. al., 1998; Jane et. al., 1997; Chang et. al., 1991; Waliszewski et. al., 2003), 

assigned a C-type pattern to banana starches.  Bello-Perez et. al. (2000), reported a typical A-

type diffraction pattern for banana (Macho and Criollo) starches. So the crystalline type is not 

clear. We can only assume that the results of these various investigations were properly 

interpreted and that, therefore, banana starch can have A-type crystallinity, B-type crystallinity, 

or a mixture of the two depending on the varietal source and/or the growing conditions 

(environment) and/or the isolation technique. Percentage crystallinity has not been addressed 

in the literature so far.  

Amylose contents of banana starch were reported to be 16% by Kayisu and Hood (1981), 19.5% 

(Cavendish) by Ling et. al. (1982), ca. 17% (Cavendish) by Garcia and Lajolo (1988), and 40.7% 

(Valery) by Waliszewski et. al. (2003). Chemical compositions of starches from bananas 

(plantains, plantain hybrids, and cooking bananas) were reported by Eggleston et. al. (1992). 

Amylose contents in plantains were mostly in the 10–11% range. Cereal starches, on the other 

hand, typically have amylose contents in the 20–25% range. The molecular weight of banana 

starch amylose was reported to be 270,000 (Greenwood, 1960). De-branching of the starch and 

its β-limit dextrin with pullulanase revealed that banana amylopectin has populations of 45 and 

15 chains in a molar ratio of 1:6 (Kayisu & Hood, 1981). The β-amylolysis limit of banana starch 

was 67.3%, and the average chain lengths of the pullulanase-debranched starch and the 

debranched β-limit dextrin were 26 and 10, respectively. Amylopectin has a λmax of about 

560 nm as compared to amylose, which is about 620 nm.  

https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib57
https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib36
https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib77
https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib39
https://www.sciencedirect.com/science/article/pii/S0144861704004023#bib51
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      2.4. Cooking banana starch types  

Cooking bananas, equally referred to as plantain, is a starchy, low-sugar fruit that is hybrid of 

triploid cultivars belong to the AAB, ABB, or BBB group and are grown mostly in west and 

central Africa tropical zones. They are cooked before being consumed both at ripe and unripen 

stages of maturity and used in many savory dishes in some parts of Africa (Price, 1995). Plantain 

is also edible raw when fully ripe (Robinson, 1996; Zhang et. al., 2005). Their carbohydrate 

content is equally as high as the dessert banana (Table 2.2); and usually has starchy flesh that is 

basically unpalatable unless boiled. Cooking banana can also be used as unprocessed materials 

for beer, wine, and in crisps/chips produced at domestic levels (Robinson, 1996; Auror, 2009). 

Plantain has been less prone to browning than banana such that it retains a stable orange color 

on being cooked and does not easily undergo Millard reaction prior to cooking (Ngalani, 

1993;Yang,  2004). Plantain (AAB) is a cooking banana subgroup for local food markets; 

extensively produced in Africa, the Caribbean and Latin America. French, corn and Faux Corn 

are some of the cultivars. Saba Bluggoe (ABB) is a cooking type, for local food markets and 

processing industries. In Philippines, Caribbean, and Latin America, Sucrier (AA) subgroup 

includes Frayssinnette cultivar, fruits produced are small, very sweet and thin-skinned. 
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Table 2.2. Main cultivars of banana and plantain (cooking banana) 

 

Source: Bakry et.al. (1997); Nakasone and Paull (1999); Rieger (2006) 
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      2.5. Manufacture of biscuit from starch based cooking banana 

Biscuit was prepared using the traditional creaming method described by Chinma   et. al. 

(2011). The fat and sugar were mixed in a Kenwood mixer (HM 430) until the mixture was fluffy. 

Eggs and milk were added, while mixing continued. Baking powder, ground nutmeg, composite 

flour, and salt were introduced into mixture to form a soft dough. The dough was removed 

from the bowl and kneaded on a flat surface to obtain a uniform mix. The kneaded dough was 

rolled out into sheets using a rolling pin and cut into the desired shape using cutter. The cut 

mass was transferred to a greased baking tray. Baking was carried out at 1800C for 17 min. 

biscuit made from 100% wheat flour served as the control sample. The modified recipe of 

(Onabanjo and Ighere, 2014) adopted after preliminary experimentation was as follows: flour 

(250 g), fat (63 g), sugar (63 g), salt (1 g), whole egg (20 ml), powdered milk (5 g), nutmeg (1.5 

g), baking powder (1 g), and water content (20-60 ml). 

      2.6. Bakery products manufacturing  

In the bakery, wheat flour is the most important ingredient; it provides bulk and structure to 

most of the bakery products, including breads, cakes, cookies, and pastries. Wheat is unique 

among the cereals in that its flour possesses the ability to form dough when mixed with water 

(Cotton and Ponte, 1973). The gluten in wheat dough has the ability to retain the gas produced 

during fermentation or by chemical leavening, thus yielding a leavened product (Honseney, 

1994a). Hard wheat normally has high protein content, and its flour is used primarily for yeast- 

leavened products such as breads, bagels, croissants, English muffins, Danish sweet rolls, 

cinnamon rolls, and bread-type doughnuts (Matz, 1989). Soft wheat normally has low protein 

content, and its flour is most suitable for making biscuits, muffins, pastries and cakes, and 

breakfast cereals (Hoseney, 1994b). The protein content of soft wheat flours ranges from 8 to 

10%. The lower protein level produces a cell structure that provides good mouth-feel and a less 

chewy texture in chemically leavened baked goods. 
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 Numerous bakery products are produced by using specific characteristics of flour that  depend  

on  the variety of wheat from which it is milled, the location in which the wheat was grown, and 

growing conditions. Both the quantity and the strength of the protein in the flour are important 

indicators of the flour’s suitability for various baking applications. Bakery products form an 

important part of the diet worldwide. They are eaten as breakfast food, snacks, and as a staple 

product in the form of bread. Biscuits are the most popular bakery items consumed by nearly 

everyone. This is mainly due to their ready to-eat nature, good nutritional quality, availability in 

numerous varieties, and affordability. Based on production statistics, the top three producers of 

biscuits are the United States, China, and India, respectively. The wide variety of types that are 

possible is a major attraction of biscuits, which are nutritious convenience foods with a long 

shelf-life. The word biscuit is derived from the Latin word panisbiscotis meaning twice cooked 

bread (Sharma and Zhou, 2011). 

 This is because the original process consisted of baking the biscuits in a hot oven and then 

drying them in a cool oven. Flour is an important raw material in the baking and confectionery 

industry. The demand for flour in bakery products is increasing globally and banana flour is 

currently being exploited in baking and complementary weaning food (Ogazi, 1996; Empere, 

2001). Cookies were prepared with varying levels (0-50%) of wheat flour substituted with 

cooking banana flour using standard ingredients. The method of McWatters, Ouedraogo, 

Resurrection, Hung, and Philips (2003) as described by Giami and Barber (2004) was used for 

the preparation of the cookies. Briefly, the flours, sugar, baking powder and salt were hand 

mixed in a bowl. This was followed by addition of the fat and further mixing by hand to obtain a 

bread crumb-like mixture. The liquid was transferred into food processor (Homeluck). The 

liquid (egg, milk, water and vanilla flavour) was then added and the mixture mixed at medium 

speed for 3-5 min to obtain the dough. 
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2.7. Summary of literature reviews 

To summarize the literature review conducted by different scholars engaged in investigating 

the biscuit production from wheat and unripe cooking banana flour some can be mentioned. 

Under research title of biscuit making potentials of flours from wheat and plantain focused on 

drying of cooking banana with temperatures 180oc from time range 24 h using tray drier, with or 

without bleaching and observing effect of blend proportion on minerals content of biscuits. 

(Aurore et. al., 2009). It only focused on effect of blend proportion on color, flavor, texture and 

overall acceptability of biscuit but missed considering the effect of flour blend proportion on 

minerals content, is not studied in this paper. Also cooking banana was dried by using an oven-

drier at 60°C for 24h. Crowther (1979) reported that fruits maybe soaked in hot water before 

peeling, but this method rarely helps, and with experience, hand peeling untreated fruit can be 

quite successful. Other factors such as slice thickness is not included. He also missed the 

temperature 80oc for 10 minutes steaming for unripe cooking banana.  

The cut mass was transferred to a greased baking tray and baking was carried out at 1800C for 

17 min. The method of McWatters, Ouedraogo, Resurrection, Hung, and Philips (2003) as 

described by Giami and Barber (2004) was used for the preparation of the cookies. Briefly, the 

flours, sugar, baking powder and salt were hand mixed in a bowl. Ingredients mixed in 

mechanical mixer were not included in previous study. This was followed by addition of the fat 

and further mixing by hand to obtain a bread crumb-like mixture. It has shown that there is a 

gap on conducting research on the studying the production and characterization of quality 

biscuit from the blend of banana and wheat flour, this research focused on the characterization 

of cooking banana such as flour, starch, thermal and pasting properties of starch, oil and water 

absorbing ability, biscuit production, color and texture of food products. Biscuit production was 

studied and sensory evaluation and minerals was conducted for biscuit samples, and 

appropriate production equipment was selected. 
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    3. Materials and Methods 

       3.1. Materials collection, transportation, preparation and storage 

        3.1.1. Materials collection and transportation  

2kg of unripe cooking banana (Musa cardaba ABB) was collected and transported from Malkasa 

Agricultural Research Center in Adama, Oromia Region, to Addis Ababa Science and Technology 

University; and was processed into flour with slight modification(Olugbuyi, 2010),for prevention 

of enzymatic browning. Wheat flour (Triticum SPP), sugar, salt, knife (for peeling), polyethylene 

bags, eggs, whole milk powder were purchased at the Addis A baba main market. All the 

reagents were obtained from the departmental laboratory of Addis Ababa Science and 

Technology University. 

                

Figure 3.1. Cooking banana pictures  

        3.1.2. Sample preparation and storage   

2kg unripe cooking bananas first  were washed (Ogbonnaya et. al., 2018) for  about  10  minutes  

to  decrease sticky  sap,  improve  the  flour  color  and  facilitate  the  peeling  process.  The 

steamed banana were peeled with sharp knife and sliced in to a size of 5mm thickness. The 

sliced pieces then were soaked in anti-browning agent for 5 minute, drained on oven dried. The  

drained sliced  pieces  were  then  dried  in  an  oven-drier  at  60°C  for  24h. The  oven  dried  

product  were  then milled  and  sieved  through 500mm  wire  mesh screen and the  flour  was  

packed  and  sealed  in  a polyethylene bags and stored in room temperature (Ijarotimi, 2008). 
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Figure 3.2. Cooking banana samples preparation and storage  
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        3.2. Research frame work  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

         

Figure 3.3. Experimental Framework of the Research    
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       3.3. Processing method 

       3.3.1. Production of cardaba banana flour 

The green bananas were peeled, chopped, oven dried and milled.  Banana flour processing 

carried out in two stages, namely making of banana chips and flour. The  first  stage,  each  2  kg  

of green bananas were steamed for 10 minutes at 80oc and then peeled and thinly sliced into 

small  pieces  of, soaked  in  0.5%  sodium metabisulphite for 5 minutes to prevent  enzymatic  

browning. Banana slices dried in an oven at a temperature of 60°C for 24 hours (Olaoye et. al., 

2006).The dried  chips  were  milled  using  a  hammer  mill  (8 Lab  Mill,  Christy  and  Norris  

Ltd, Process Engineers, Chelmsford,  England)  sieved (500mm), sealed  in  polythene  bags and 

stored in room temperature (Ijarotimi, 2008),  until  needed  for analysis.                            

                                                  Unripe Cooking Banana 

 

 

 

 

 

 

                                                    Dried Banana Chips  

 

  

                                                 Unripe Cooking Banana Flour 

Figure 3.4. Flow Chart for Processing of Cooking Banana Flour (Cardaba Musa ABB) 
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                 Milled  
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       3.3.2. Starch isolation 

20g of banana flour was suspended in 0.05 N sodium hydroxide solution and bended by using 

over-head stirrer at 500 rpm for 5 hr. The flour was centrifuged at 300xg for 20 min at 25oC and 

scraped off dark materials on the top (Von Loesecke, 1950). The flour was suspended in distilled 

water and passed slurry through 80 µm, 170 µm and 200 µm mesh sieve. Decanted the 

supernatant and scraped of dark materials on the top were dried in hot air oven at 50oC for 5-8 

hr. and passed through 100 µm mesh sieve. Dried starch was stored at room temperature in 

sealed container (Von Loesecke, 1950). 

                                                        Banana flour 

                              Suspended in 0.05 N sodium hydroxide  

                                                                      1:5 (flour: solution) 

                              Blended by using over-head stirrer at 500rpm for 5 hr. 

Centrifuged at 300xg for 20 min at 25oC and scraped off dark materials on the top 

                                         Suspended in distilled water (1:2) 

                 Passed slurry through 80, 170 and 200 mesh sieve  

                                        Let suspension stood for 45 min   

                      Decanted supernatant and then added distilled water (1:2)   2-3 time  

                                          Adjusted PH (6.5 – 7.0) 

                               Centrifuged at 300xg at 25oC, for 25 min  

          Decanted the supernatant and scraped off dark materials on the top  

                                   Dried in hot air oven at 50oC for 5-8 hr.  

 Passed through 100 mesh sieve, dried starch was stored at room temperature in a sealed 

container. 

Figure 3.5. Banana Starch Isolation Method  
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       3.3.3. Formulation of composite blends 

The high and the low values for blend formulation of wheat flour and cooking banana flour 

were determined by used design expert D-optimal.   

Table 3.1. Samples of flour blends for biscuit production 

 
  Component 1 Component 2 Response 1 Response 2 Response 3 Response 4 Response 5 

Run   A:Banana flour B:Wheat flour Moisture content Protein Fat fiber Ash content 

 
  % % % % % % % 

1   40 60 
     

2   10 90 
     

3   10 90 
     

4   23.3333 76.6667 
     

5   20 80 
     

6   50 50 
     

7   30 70 
     

8   50 50 
     

9   10 90 
     

10   30 70 
     

11   50 50 
     

12   36.6667 63.3333 
     

13   30 70 
     

 

       3.4. Production of Biscuit 

The weighed amount of sifted flour (wheat, banana), sugar, egg, shortening, unsweetened 

liquid milk, salt and flavor were mixed in mechanical mixer. The method of McWatters, 

Ouedraogo, Resurrection, Hung, and Philips (2003) as described by Giami and Barber (2004) 

was used for the preparation of the cookies. Water was added during mixing thoroughly at 

medium speed for 5 minutes to obtain a dough of desired consistency. The dough was kneaded 

at 10-20 min for produced biscuits with fine structure, smooth crust and better appearance. 

The dough was manually rolled out on a flat and smooth floured board into sheet of uniform 

thickness and cut with a rectangular and circular biscuit cutter.  The cut dough was transferred 

into baking trays lined with grease and baked at 160°C for 20 minutes in an oven.  
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The biscuits were cooled at ambient temperature after baking.  

                                                     Weighting of ingredients  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                     Biscuit                                                                      

Figure 3.6. Flow Chart of Biscuit Production 
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       3.5. Analytical methods  

        3.5.1. Proximate analysis of banana flour and starch  

The analytical parameters such as moisture content, carbohydrate, ash, crude fiber, fat and 

protein content were determined with the following standard methods.  

A)  Moisture content  

The  dishes  used  for  the  moisture  determination  were  dried  at  1300C  for  1hr  in Memmert  

drying oven  of  model  40050  and  placed  in  desiccators  for  about  30  min.  The mass  of  

each  dishes  was measured  (M1)  and  about  5 g  of  the  sample  was  weighed  in  to  each  of  

the  dishes  (M2).  The sample  was  then  mixed  thoroughly  and  dried  at  1000C  for  6hr.  

After drying is completed, the mass was measured (M3). The moisture content was calculated 

from the equation:  

                               

M1=mass  of  the  dish,  M2=mass  of  the  dish  and  the  sample  before  drying,  and  M3=mass  

of  the dish and the sample after drying (AOAC, 2005, 925.05). 

B) Crude protein analysis (Kjeldahl method) 

About  0.5 g  of  the  sample  was  weighed  by  Adventurer  analytical  balance  of  model  

AR2140  and added  to  the  digestion  flask (AOAC, 2005, 925.05).  Then  6 ml  of  acid  mixture  

(concentrated  orthophospsoric  acid  and concentrated  sulphuric  acid)  and  3.5 ml  of  30%  

hydrogen  peroxide  solution  were  added  in  to  the digestion  flask  step  by  step.  The tubes 

were shanked until the violet reaction disappeared.  About 3 g  of  the  catalyst  mixture  made  

of  0.5 g  of  selenium  and  100 g  of  potassium  sulphate  was  added in  to  the  digestion  

flask.  The  solution  was  then  digested  at  3700C  for  1hr  by  Tecator  digester  of model 722. 

After digestion was completed, the content in the flask was diluted by water and 40% sodium 

hydroxide was added to neutralize the acid and to make the solution slightly alkaline. 
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The  ammonia  was  then  distilled  into  receiving  flask  that  consisted  solution  of  excess  4%  

boric acid  solution  for  reaction  with  ammonia.  The  borate  ion  was  formed  as  the  result  

of  the  reaction of  the  boric  acid  and  the  ammonia  and  this  was  titrated  with  standard  

acid  (0.1N  sulphuric  acid solution). 

                           

The nitrogen content was calculated from the equation: 

                                       

Where V1=volume (ml) standard H2SO4 solution used in the titration of the blank, V1=volume 

(ml) standard H2SO4 solution used in the titration of the sample, W= sample weight and 14 is 

the molecular weight of nitrogen.  

The protein content was calculated from the equation:          

                       

C) Crude Fat content (Soxhlet extraction) 

The  flasks  used  for  the  extraction  were  cleaned  by  placing  them  in  Memmert  drying  

oven of model  40050  at  920C for 1hr and cooled in desiccators.  The masses of the cooled 

flasks were measured by Adventurer analytical balance of model AR2140 (M1). About 2 g of the 

sample was weighed in to each of the thimbles lined with cotton at their bottom.  The thimbles 

with their sample content were placed in to the Soxtec soxhlet extraction apparatus of model 

2055. A 70 ml of diethyl ether was added in to each flask used for the extraction.  The  

extraction  process  was done for about 4hr and then after the flasks with their contents  were  

removed  from  the  soxhlet and  placed in drying oven at 920C for 1hr.The flasks were then 

placed  in desiccators  for 30min. The masses of each flask together with its fat contents were 

measured (M2). 
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The crude fat content was calculated from the equation: 

                                                          

Where, M2=mass of flask and lipid extracted and M1=mass of dried flask and W=sample weight 

(AOAC, 2000, 4.5.01). 

D) Dietary (crude) fiber 

About 1.6 g of the sample was weighed in each of 600 ml beaker. A 200 ml of 1.25% sulfuric 

acid Solution was added to each beaker and allowed to boil for 30min by rotating and stirring 

periodically.  During  boiling  the  level  was  kept  constant  by  addition  of  hot  distilled  water.  

After 30min,  20 ml  of 28%  potassium  hydroxide  solution  was  added  in  to  each  beaker  

and  again allowed  to  boil  for  another 30min.  The  level  was  still  kept  constant  by  addition  

of  hot  distilled water. The solution in each beaker was then filtered through crucibles 

containing sand by placing each of them on Buchner funnel fitted with No.9 rubber stopper. 

During filtration the sample was washed with hot distilled water. The final residue was  washed  

with  1%  sulphuric  acid  solution, hot  distilled  water, 1%  sodium hydroxide solution and 

finally  with  acetone.  Each of the crucibles with their contents was dried for 2hr at 1300C and 

cooled in desiccators and weighed (M1). Then again they were ashed for 30 min at 5500C in 

furnace and were cooled in desiccators. Finally the mass of each crucible was weighed (M2). 

The crude fiber was calculated from the equation: 

                                           

Where, M1=mass of the crucible, the sand and wet residue, M2=mass of the crucible and the 

sand and W= sample weight (AOAC, 2000, 920.169). 
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E) Total ash 

Crucibles for the analysis were cleaned by drying at 1200C in a Memmert drying oven of model 

40050 and ignited at 5500C in furnace for 3hr.  Then the crucibles were removed from furnace 

and cooled in desiccators. The mass of each of the crucibles was measured by Adventurer 

analytical balance of model AR2140 (M1) and about 2.5 g of the sample was weighed into each 

crucible (M2).  The  crucibles  were  dried  at  1200C  for  one  hour  on a  Wagtech  hot  plate  of  

model ST  15.  The crucibles were then placed in a furnace at about 5500C for 1hr.  The crucibles 

were then removed from the furnace and were cooled.  A  5  drop  of  distilled  water  was  then  

added  to each  of  the  crucible  and  placed  in  the  furnace  at  5500C  for  30min.    Crucibles  

were  again removed  from  the  furnace,  allowed  to  cool  and  5  drops  of  distilled  water  

and  nitric  acid  were added  to  each.  Then  the  crucibles  once  again  were  inserted  in  to  

the  furnace  until  they  became free  from  carbon  and  the  residue  appears  grayish  white.  

Then they were removed from the furnace and placed in desiccators. Finally the mass of each 

crucible was weighed as (M3). 

The total ash was calculated from the equation: 

                                            

Where, M1=mass of the dried dish, M2=mass of the dish and the sample, M3=mass of the dish 

and the sample (AOAC, 2000, 941.12). 

F) Carbohydrate determination 

The content of carbohydrates in the cookie were determined by difference method that is by 

subtracting the sum of the  percentages  of  crude  protein,  lipid,  crude  fiber  and  ash  content  

from 100 (Mathew et. al., 2006). 
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       3.5.2. Functional properties of flour and starch  

A) Water and Oil Absorption Capacity measurement  

 Water and oil absorption capacity were measured using the method by (Marta et. al., 2019). 10 

mL of distilled water or oil were added to 1 g of sample in a centrifuge tube, then mixed using a 

vortex mixer. The sample was conditioned at room temperature (26 ± 2°C) for 1 h and then 

centrifuged at 2050 g for 30 min. Water  and  oil  absorption capacity  was  calculated  as  ml  of  

water  or  oil  absorbed  per  gram  of  the  grounded  flour  blend (Aremu et. al., 2007). The 

volume of supernatant was measured and WAC and oil were calculated from the Equation: 

WAC (g|g) = Volume of water absorbed/ Weight of sample (db)   

B) Swelling volume and solubility measurement:  

Swelling volume and solubility was measured using the method of (Marta et. al., 2019). First of 

all 0.35 g (dry basis) of sample was placed into a centrifuge tube and 12.5 mL of distilled water 

was added. Sample was mixed using a vortex mixer for 20s, heated in a water bath at 92.5°C 

and stirred regularly for 30 min. Then, the sample was cooled for 1min in ice water and 

centrifuged at 2050 g for 15 min. The supernatant was separated, and its volume was 

measured. The supernatant was dried in a drying oven to measure the percentage of solubility. 

Swelling volume and solubility are calculated from the Equation: 

Swelling volume (ML/g) = total volume - supernatant volume/Weight of sample (db) 

Solubility (%) = Weight of dried supernatant/ Weight of sample (db) x100%  

C) Freeze-thawing stability (syneresis) measurement:  

Distilled water was added to starch in centrifugal tubes (5% w/v). The starch solution was 

placed in a water bath and heated to 95°C for 30 min with constant agitation, then cooled to 

room temperature (26 ± 2°C) in ice water. After that 10 g of starch paste was taken and placed 

in a centrifuge tube. Next, the sample was stored at 4°C for 24 h, then frozen at −20°C for 48 h.  
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The frozen starch was thawed at room temperature for 3 h and separated by centrifugation at 

2050 g for 15 min. Then, the separated water was weighed and syneresis is calculated from 

the Equation: 

           Syneresis (%) = W separated water/ W starch paste x100% 

        3.5.3. Morphology of the starch granules 

The Scanning Electron Microscopy (SEM) was performed with energy dispersive x-ray detector 

Leo 440i (LEO Electron Microscopy Ltd, Cambridge United Kingdom) (Capron et. al., 2007). 

Before the analysis, the samples were placed on stubs and coated with gold in a sputter coater 

model SC7620 (VG Microtech, Uckfield, UK).  

      3.5.4. Pasting properties of cooking banana starch   

Pasting  properties  of  banana starch  was  measured  by  using  Rapid  Visco Analyzer  (RVA)  by  

modified AACC  method (AACC, 2000). A portion amount of distilled water and sample was 

added into an RVA canister and then stirred to homogenize the mixture before running the test. 

Sample and water weights were corrected for the sample moisture content (reference moisture 

content of 14%) with the standard sample and water weight being 3 g and 25 g, respectively. The 

correction was applied to give a constant dry weight according to the manufacturer’s guide for 

the instrument. The correction formulae are: 

                                  S1 = S0 x (100-M0)/ (100-M1) 

                                  W1 = W0 x (S0-S1)  

Where, S0 = standard sample weight (3 g), S1 = corrected sample weight (g), W0 = standard water 

weight (25 g), W1 = corrected sample weight (g), M0 = reference moisture content of sample 

(14%), 

M1 = actual moisture content of sample (%). The test was started by equilibrating the starch at 

500C for 1 min., then heated to 950C for 3.7 min., held at 950C for 2.5 min., cooled to 500C in 3.8 

min. and kept at 500C for 2 min.  
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At first, after 10 s, the paddle was rotated at 960 rpm to disperse the starch. After that, the 

paddle was rotated at 160 rpm. The viscosity was expressed as centipoise (cP). From the graph, 

following were evaluated: pasting temperature (PT), peak viscosity (PV), holding viscosity (HV), 

breakdown (BD), final viscosity (FV) and setback (SB). 

       3.5.5. Thermal properties of cooking banana starch 

Thermal properties of banana starches was determined by using Differential Scanning 

Calorimetry (DSC; Pyris Perkin-Elmer,USA) and followed method as modification from Paredes-

Lopez et. al. (1994). Samples (7-8 mg dry basis) were placed in a stainless pan at room 

temperature (20°C) and added  15  mg  of  deionized  water  to  get  70% moisture  content  and  

sealed  in  the  sample  pan press. The sealed pan was left still for 1 hr. at room temperature to 

allow complete starch hydration. Then, the pan with the sample was placed in the calorimeter 

and heated from 10 to 130°C (the heating rate was 10°C/min).  

An empty pan was used as a reference. The transitions were characterized by the initial 

temperature (T0), peak (Tp) and end (Te), and the change in the enthalpy (∆H) associated with the 

gelatinization process of the starch. 

        3.5.6. Microbiological analysis  

The microbiological analysis were conducted at Ethiopia public health institute (EPHI). Sample 

was selected from flours. The pour plate method of knowing and counting the number of viable 

bacteria present in the sample was adopted as described by (Jideani et. al., 2006). Two gram of 

the sample were weighed out for analysis and evaluated. Quarter strength of peptone water 

solution was prepared by dissolving 3 g in 200 ml of distilled water. Nutrient agar (NA) was 

prepared by dissolving 4.6 g in 200 ml of distilled water.  Serial dilution was carried out on the 

flour samples and plating of the sample was performed. Nutrient agar media was used to 

determinate the total bacterial count. Nutrient agar plates were dried and labeled for 

appropriate dilutions to be used for dilution and spread plate method. Plates were inoculated 

and incubated at 370c for 24 hours. Total number of bacteria cfu/g of sample was calculated and 

recorded for interpretation of the result. All blue colored colonies were enumerated to calculate 

total coliform as cfu/g by inoculated the diluted samples onto sabouraud dextrose agar (SDA) 
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medium supplemented with clorampheinicol (40mg/L) by spread plat method. The plates were 

incubate at 250c for 48-72 hours. Visible colonies were counted and calculated and recorded as 

cfu/g (Sharaf et. al., 2012).  

        3.5.7. Sensory Evaluation 

The sensory evaluation of the biscuit samples were evaluated using twenty (20) untrained 

panelist consisting of staff and students of the Department of Food Process Engineering at Addis 

Ababa Science and Technology University.  The  sensory parameters  were  rated  on  the  basis  

of  9- point hedonic scale ranging from 1 (dislike extremely) to 9 (like extremely). The cookies 

were prepared from both the control and the composites flour. 

 Five pieces of each of the samples were placed on a plate and served to the panelist to evaluate 

for the attributes of colour, texture, appearance, flavor and overall acceptability. Prior to the 

sensory test, the cookies were individually coded. Clean  water was  provided  to the  judges  to 

rinse  their  month in between  testing  of  the  biscuits  to  avoid residual effect.  Expectoration 

cups with lids were provided for the panelists who were not interested to swallow the samples. 

        3.6. Experimental design and Statistical analysis 

This research work used the design expert D-optimal for sample design.The statistical analysis 

was performed using single factor analysis of variance (ANOVA) for all data and analyzed by the 

SPSS, version 13. All the analysis conducted in this study was reported as mean ± standard 

deviation.  Comparisons of means were carried out by Duncan’s multiple range test (DMRT) at 

the 5% significance level. When P values were found significant, the means of each parameter 

were compared using the least significant differences (LSD). The high and the low values for 

blend formulation of wheat flour and cooking banana flour for biscuit production were 

determined by used design expert D-optimal software.   
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     4. Results and Discussion  

      4.1. Physicochemical properties of unripe banana flour and starch  

Table 4.1. Physicochemical analysis of unripe banana flour and starch 

                                                               Proximate composition  

 

Sample   

Moisture 

content 

(%) 

Protein 

content 

(%) 

Fat 

content 

(%) 

Fiber 

content 

 (%) 

Ash 

content 

(%) 

Carbohydrate 

Content  

% 

Amylose 

Content  

% 

Amylopectin 

Content  

% 

Flour  6.84±0.01a 4.49±0.16a 0.84±0.05a 0.85±0.02a 4.62±0.01a 82.36±0.2a ____ _____ 

Starch  7.38±0.34a 1.77±0.16a 0.24±0.02b 14.02±1.59b 0.11±0.02b 76.48±3.21b 33.11±3.12b 43.32±2.34b 

 

 All composition were averaged of two analyzed from each two replicates 

 a-b Deferent letters within the same column indicate significant difference at p ≤ 0.05 

According to the result of banana starch and flour presented in table 4.1. Moisture content of 

both extracted starch and flour ranged from 6.8% to 7.3%. Flour tended to have slightly lower 

moisture content compared to the extracted. Protein content was reduced from 4.4% to 1.77% 

in the starch. The fat content in the flour which was approximately 0.84% was much lower than 

fat content of starch. The fat content in the starch was 0.24%. The much lower content of fat 

suggested that protein might play a major important role in the starch or flour properties 

although for certain properties attributed to starch crystallinity. Fat has been reported to form a 

complex with amylose following heat treatment contributing to the slight increase in crystallinity 

(Cahyana et. al., 2019). The content of protein and fat of banana flour in this study were similar 

to those found in Brazil (Da Mota et. al., 2000) except the fiber which was found to be superior 

to banana flour. The banana  flour  contains  appreciable  amounts  of  minerals,  as  can  be  

inferred from their mean ash content (4.62%) compared to that of banana starch  (typically 

0.11%). its comparable to WHO standard report which state that, the protein content of any 

products for health human consumption should provide at least 10-12% of total energy and 17% 

of energy should be provided in the form of fat.   
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  Moreover, the level of available carbohydrates in the banana flour was found to be 82.36% 

greater that starch which typically 76.84%. A crude fiber level of starch was analyzed to be 

14.02% which in most cases is greater than banana flour. The amylose and amylopectin content 

of cardaba cultivar were 33.11% and 43.32% respectively. The amylose and amylopectin content 

in flour were not measure directly because flour has less amount of amylose and amylopectin 

content unless taking into account the amylose content in the extracted starch to calculate the 

content in flour. 

      4.2. Functional properties of unripe banana flour and starch  

Table 4.2. Functional properties of unripe banana flour and starch 

                                                 Functional properties  

 Samples Swelling volume (ml/g) Solubility (%) Water holding capacity (%) Syneresis (%) 

Flour  16.15±0.28a 9.85±0.28a 2.35±0.04a 27.60±0.44a 

Starch 15.07±0.94a 3.21±0.05b 1.18±0.02b 0.59±0.04b 

 

 Values are means of at least four determinations ±Standard deviation 

 Different letters within the same column indicate significant difference at p ≤ 0.05 

The  functional  properties  of  starch  and  banana  flour  were  given  in  Table  4.2. The result 

showed that cultivar did not significantly affect the swelling volume and solubility ranged from 

15.07 and 3.21 respectively, suggesting that, the difference in starch granule morphology or 

starch structure did not play any role in determining such a properties. Most of the banana flour 

samples had higher swelling volume, solubility, water absorption capacity and syneresis than 

banana starch samples. In the starch, solubility indicated the amount of amylose leaching out 

from the starch granule. In the flours, however, solubility might reflect not only amylose leaching 

but also non-starch components which were removed from the granule surface and suspended 

into water during heating treatment and centrifugation. 
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 This may explain why the solubility of the banana flour in this study was higher than that of its 

counterpart. Fat content may not be the non-starch component responsible for the increase in 

syneresis because fat has been reported to form a complex with amylose (Tufvesson et. al., 

2003), which then retards the syneresis. Moreover, water absorption capacity was dependent on 

the banana cultivar. It means that the starch morphology or starch structure affected water 

absorption capacity. The  Water  Absorption Capacity  (WAC)  of  banana flour  was  found  to  be  

2.35  ml/g  which  is  in  close  agreement  to  the range  of  WAC  values  (270–375  g/100  g)  

observed  by  Njintang  et. al. (2007).  Banana flour was found to show higher WAC than starch.  

WAC  is  an  important  functional  property  required  in  food  formulations  especially  those 

involving  dough  handling (Oselebe et. al., 2008).  Increase in water absorption capacity implies 

increase in digestibility of the starches. The difference might depend on the amount and nature 

of hydrophilic  constituents  (Ayele  and  Nip,  1994  cited  in  Ojinnaka  et.  al., 2009).  The result 

justify that banana flour is indeed easily digestible. The water holding capacity in this study is 

similar with the recommended 14% moisture content of flour which indicate that, flour with 

great moisture content 14% moisture is not stable at room temperature. Microorganism may 

contaminate the flour and start to grow at high moisture, processing off odors and flavors.      

According to Tyagi et. al. (2006),  an  increase  in  the  WAC  is  observed  with  an  increase  in  

the proportion  of  banana  flour  in  the  wheat flour  composite blend .  A  similar  increase  in  

WAC of  wheat  flour  following  incorporation  of  plantain  flour  has  been  reported  by  Mepba  

et. al. (2007).  WAC plays a major role in the functionality of dough.  In particular, WAC has been 

shown to be related to dough consistency (Tyagi et. al., 2006). Increase in water absorption lead 

to the weakened dough and decrease dough development and dough stability (Singh et. al., 

2008). 
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Figure 4.1. Swelling Power (a and c) and Solubility (b and d) in the Function of the Temperature 
and PH of Cardaba Banana Starch  

As there was a temperature rise from 70 °C, there was an increase in the swelling of starch 

granules (figure 4.1a). The swelling continued gradually to 90 °C, which is consistent with the 

results found in the DSC analysis. An exponential increase in swelling can be noticed between 70-

80 °C temperature range that is associated with the DSC peak temperature (75.16 °C) and of the 

paste of the RVA (78.1 °C). Regardless to solubility, it was observed that there was an increase 

this property or swelling of the granules (60-70 °C) (figure 4.1b). These result were in agreement 

with other studies, which found that swelling volume, solubility and water holding capacity of 

banana flour were higher than banana starch (Cahyana et. al., 2018). 
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 However, after 70 °C there was a reduction of solubility, due to disruption of the granule 

structure and leaching of compounds in the granules. According to Sajilata et. al. (2006), starch 

with reduced in the solubility can be directed to certain industrial application, it offers good 

crispness and low water retention and fat. The variation of pH between 3 and 9 caused little 

effect on the solubility and swelling power of the starch (figure 4.1c). However, from pH 9, there 

was an increase in these properties until pH 12. This was probably due to deprotonating of the 

hydroxyl groups of the starch molecules, leading to expulsion thereof and allowing greater water 

penetration in the granule (increased swelling and solubility). 

      4.3. Morphology of the starch granules                            

 

Figure 4.2. Morphology of the Starch Granules by SEM 
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According to figure 4.2, particles were shown through an image captured by scanning electron 

microscope (SEM), showed a beads with sizes and different shapes, within there was a 

predominance of the ellipsoidal shape with irregular diameters ranging between axes 10 and 100 

micrometers and smooth surface, which, according to (Barbosa et. al., 2013), demonstrates 

integrity granules. (Utrilla-Coello et. al., 2014), studying the Enano starch of banana, Morado and 

Valery found that the major axes obtained had a similar variation to cardaba banana starch, 10 

and 90 micrometers. The particle size amounted area and perimeter average of 277.67 and 

141.33 micrometers respectively. It was counted about 53 particles. 

      4.4. Starch digestibility and glycemic index     

                   

 

Labels:  100% Control    10% UBF: 90% WF    20% UBF: 80% WF 

                                 Where ‘UBF’ is unripe banana flour 

                                 Where ‘WH’ is wheat flour  

 Figure 4.3. Average in vitro starch hydrolysis curves of cooked banana flour 

According to figure 4.3, the 100% control wheat flour underwent approximately 30% of 

hydrolysis after 30 min while 80% wheat flour with 20% banana flour underwent slower 

hydrolysis rate approximately 16% hydrolyzed after 30 min  than control. Digestion of green 

banana flour substitution in a cookies decreased with long time interval. 
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 the cookies  formulations  which  contains  green  banana  flour  has  a low digestion compared 

to wheat flour cookies. This pattern is in agreement with resistance starch content in wheat 

flour containing banana flour. The result of this study is in line with (Zheng, 2016) studied the 

structural properties and digestion of green banana flour as a functional ingredient in pasta. He 

found that pasta formulations which contains green banana flour has a lower rates of digestion 

compared to wheat pasta formulations. In terms of vitro hydrolysis, 80% wheat flour with 20% 

banana flour show a slower rate of digestibility. Control wheat flour showed  the  highest  

enzymatic  hydrolysis  rate,  and  this  rate  decreased  when  banana flour  in  the  composite 

wheat flour increased at 30 min of reaction,  the  hydrolysis  percentage  increased very  quickly  

for  all  the  samples  studied.  Thereafter, hydrolysis increased slowly after 30 min of reaction 

and a plateau was reached.      

                                                                                                                                                                                                             

                    Control                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Figure 4.4. Predicted glycemic index of the cookies                  Where ‘UBF’ is unripe banana flour 

They results shown that cookies with unripe banana flour (UPF) has lower predicted glycemic 

index (pGI) as shown in figure 4.4. According to figure 4.4, it was known that predicted glycemic 

index (pGI) is decreased as the concentration of unripe banana flour increased.   
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This result is also in agreement with study done by Chahyana and Restiani (2019), they stated 

that cookies with added modified banana flour in it has lower glycemic index and the quality of 

the cookies decreased compared to WHO quality standard report which state that, the protein 

content of any products for health human consumption should provide at least 10-12% of total 

energy and 17% of energy should be provided in the form of fat. banana  starch  and  flour  has  

functional  aspect  due  to  its  high  resistance starch content. Substituting  several  part  of  

flour  in  cookies-making  using  banana  starch  and  banana  flour  can  add some  functionality  

in  it  as  stated by Bello-Perez et. al. (2004).These authors stated that cookies that are made by 

replacing corn starch using banana starch has higher resistance starch content. Cookies with 

banana starch has 4.8 ± 0.4% resistance fraction. This high resistance fraction in cookies with 

banana flour has an influence to its digestibility.  

The  same authors  also  reported  that  cookies  that  used  banana  starch  has  slower  

digestibility  than  cookies  using corn  starch. The first formulation was used 14.6 g wheat flour 

and 27.2 resistant starch-rich powder (RSRP).  The second one is 10.2g of wheat flour and 32.5 

resistant starch-rich powder (RSRP). The third one used 5.6g  wheat  flour  and  36.2g  RSRP and  

the  fourth  one  used  3.5g  wheat flour  and  38.2g RSRP flour. As for the chemical 

composition, cookies with RSRP has higher total  indigestible  fraction  (TDF)  than  control (22.3 

± 0.73%  for RSRP  cookies  and  15.7 ±0.92%  for control). This  result  is in agreement with 

many study that are stated  that  banana  starch  contains  high indigestible  fraction  called 

resistance and  this  higher  TDF  content  has  a  correlation  to  the  digestibility  of  the cookies  

itself.  The  digestibility  can  be  measured  using  hydrolysis  index  (HI)  and  predicted  

glycemic index  (pGI). Control cookies has hydrolysis index (HI) about 80.52 ± 2.63 and 

predicted index (pGI) 77.60 while cookies with RSRP has HI around 60.70 ± 2.27 and pGI 58.52. 

This result shows that cookies with banana starch that is rich in resistance starch is  less  

susceptible  to  α-amylase  enzyme  and  can  be  considered  as  a  product  with  moderate 

glycemic index. 
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      4.5. Pasting property of cardaba banana starch  

Table 4.3. Property of the paste (RVA) of Cardaba banana starch  

 Parameters                                Results  

Peak viscosity (mv)                             4568.65 ± 45.50 

Minimum viscosity (cp)                     3560.36 ± 150.8 

Breakdown (cp)                                  2321.2 ± 113.5 

Final viscosity (cp)                             3874.0 ± 83.2 

Set beak (cp)                                       841.0 ± 54.8 

Peak time (min)                                  4.6 ± 0.3 

Temperature paste (oC)                    78.1 ± 0.8 

 Triplicate average ± standard deviation  

According to table 4.3. the result of starch obtained by Rapid Visco Analyser (RVA) were seen 

that, the breakdown Viscosity got higher result when compared to other native starches studied 

by Mota et. al. (2000), indicating less resistance of gelatinized granules to mechanical 

fragmentation under shear. It's perceptible a marked loss of the viscosity during the heating and 

shear process (Figure 4.5). At setback value it is observed that the banana starch has fewer 

tendencies to downgrading compared to other starches (Leonel et. al., 2011). The paste 

temperature obtained by RVA was 78.1 °C, value that shows the approximate temperature range 

found by Leonel et. al. (2011), which was 60-73 °C in banana starches. This value is consistent 

with the peak temperature shown in the DSC (75.18 °C) and shows a high resistance to 

expansion and rupture. 

 



AAU, AAiT                                                            Final Thesis  Page 45 
 

 

Figure 4.5. Viscosity profile of paste of cardaba banana starch   

      4.6. Thermal property of cardaba banana starch  

Table 4.4. Thermal property of Cardaba starch   

 Parameters                                                                              Results  

Onset temperature (oc), T0                                                                               66.50 ± 0.484 

Peak temperature (oc), Tp                                                                                  75.16 ± 0.641 

Conclusion temperature (oc), Tc                                                                  86.54 ± 0.837 

 Enthalpy                                                              11.38 ± 3.015 

 Values are means of at least four determinations ±Standard deviation 
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The initial temperature (T0), peak temperature (Tp) and end temperature (Te) of the endotherm 

peak of gelatinization was 66.50 °C, 75.16 °C and 86.54 °C, respectively. The enthalpy founded 

was 11.38 J/g. The gelatinization time is represented by Tc – T0 temperature range, which was 

20.04 °C. Note, according to the obtained results (Figure 4.6), that only an endothermic peak was 

obtained during the analysis of starch, which suggests, according to Yoo and Jan (2002), that no 

amylose complex with lipids. Similar results of the temperature and enthalpy were found in 

varieties like Morado and Male (Leonel et. al., 2011; Utrilla-Coello et. al., 2014).  These results 

may be closely associated with the amylose levels found that ranged from 19-37%. 

 

 

Figure 4.6. DSC cure for the cardaba banana starch 
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     4.7. Functional properties of wheat- unripe banana flour blends 

Table 4.5. Functional properties analysis of wheat-unripe banana flour blends 

Wheat-UBF Sample code  Bulk density(g/mL)  Water absorption capacity(g/g)   Oil absorption capacity(g/g) 

100% C WF 0.64±0.03a 1.90±.00a 1.53±0.33b 

90:10 WBF1 0.76±0.82a 1.93±0.33a 2.00±0.46a 

80:20 WBF2 0.73±0.01b 2.66±0.67b 1.20±0.43a 

70:30 WBF3 0.75±0.67b 2.86±0.34c 1.06±0.54b 

60:40 WBF4 0.75±0.42a 2.96±0.10c 1.02±0.02c 

50:50 WBF5 0.76±0.04b 3.00±0.02b 1.00±0.04d 

 

 Values are mean ± standard derivation of 3 replication.  

 Means with the same superscripts along a column are not significantly different (p≤0.05) 

 A = 100% Wheat Flour, B= 90:10 Wheat and cooking banana flour, C= 80:20 Wheat and 

cooking banana, D= 70:30 wheat and cooking banana flour, E=60:40 wheat and cooking 

banana flour, F=50:50 wheat and cooking banana flour (Onyekwelu, 2017)  

The functional properties of flour blends used for biscuit were presented in Table 4.5 

Bulk Density 

Bulk  density  (BD)  gives  an  indication  of  the  relative  volume  of  packaging  material  

required. Generally,  higher  bulk  density  is  desirable  for  the  greater  ease  of  dispensability  

and  reduction  of paste  thickness  (Udensi, 2006). Bulk density of flours ranged from 0.64-0.76 

g/mL.  All the composite flours had relatively higher bulk density than 100% wheat flour.  This 

observation demonstrates greater compactness of the starch molecules  in  the  composite  

flours  and  thus,  will  allow  the  use  of economic package for the flours (Osundahunsi, 2002). 

Increase in bulk density may be as a result of the porosity of banana flour (i.e.  Small pore 

space) which enables it to be more compressed when stacked.  Product density influences the 

amount and strength of packaging material. 
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Water Absorption Capacity  

The  Water  Absorption Capacity  (WAC) of flour blends  was  found  to  be 1.90- 3.00g/g  which  

is  in  close  agreement  to  the range  of  WAC  values  (270–375  g/100  g)  observed  by 

Njintang et. al. (2007). Water absorption consistently increased from 1.90g/g to 3.00g/g as CBF 

substitution increased. Increased water absorption may be attributed to the higher starch 

content of the flours contributed by the Cardaba banana which is majorly a starchy food as 

indicated by the relative increase of carbohydrate. Water absorption could be related to the 

physical state of starch, dietary fibre and protein in flour; thus flours with higher starch content 

have higher water absorption capacity (Waliszewski et. al., 2003).  The higher  number  of 

hydroxyl  groups found in  fibre structure, which  tends  to  allow  more  water  interactions  

through hydrogen  bonding  has  been  reported  to  be  responsible for high  water  absorption  

capacity  of  fibre-rich  flours (Noor Aziah et. al., 2012).  Hence,  the  blends  could  be  useful  in 

bakery  products  where  hydration  to  improve  handling  is desired. 

 

WAC  is  an  important  functional  property  required  in  food  formulations  especially  those 

involving  dough  handling (Oselebe et. al., 2008).  Increase in water absorption capacity implies 

increase in digestibility of the starches. The difference might depend on the amount and nature 

of hydrophilic constituents (Ayele and Nip, 1994 cited in ojinnaka et. al., 2009). 

According to Tyagi et.  al. (2006),  an  increase  in  the  WAC  is  observed  with  an  increase  in 

the proportion of cooking banana flour in  the  wheat-banana composite flour.  A  similar  

increase  in  WAC  and  OAC of  wheat  flour  following  incorporation  of  plantain  flour  has  

been  reported  by Mepba et. al. (2007).  WAC plays a major role in the functionality of dough.  

In particular, WAC has been shown to be related to dough consistency (Tyagi et. al., 2006). 

Increase in water absorption lead to the weakened dough and decrease dough development 

and dough stability (Singh et. al., 2008).  
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0il Absorption Capacity  

Oil  absorption in starch relies  predominantly  on  the  physical  entrapment  of oil  within  the  

starch  structure  as  starch  does  not possess  nonpolar  sites  compared  to  those  found  in 

proteins (Abu et. al., 2006). Oil absorption reduced from 2.00g/g to 1.00g/g. Reduction in oil  

absorption  may,  however,  be attributed  to  the  higher  protein  content  in  WF  which  is  a 

hydrophobic  material  that  could  result  in  more  available hydrophobic  binding  sites  

available  for  oil  holding  by  the protein (Heywood et. al., 2002).  Despite  this,  the  high  oil 

absorption  of  the  flours  may  be  useful  for  stabilizing emulsions of food system, as well as 

being a good source of dietary  fibre and  in  ground meat,  doughnuts,  and pancakes where  oil  

absorption  property  is  of  prime  importance.  

      4.8. Proximate composition of biscuits produced from wheat-unripe banana flour 

Table 4.6. Proximate composition of biscuit produced from wheat- unripe banana flour blends  

WH-UBF Code                      Moisture 

(%) 

Protein (%) Fat (%)  Fiber (%) Ash (%) Carbohydrate 

(%) 

100% C WD 2.77±0.60c 8.31±0.00a 31.37±2.48a 1.06±0.04b 1.34±0.06b 55.15±0.10a 

90:10 WBD1 3.56±0.11c 8.31±0.00a 31.11±0.96a 1.41±0.24b 1.50±0.28b 54.11±0.48a 

80:20 WBD2 5.61±0.11b 8.17±0.00a 30.71±0.42a 1.62±0.03b 1.60±0.13ab 52.29±1.16b 

70:30 WBD3 6.31±0.04b 7.89±0.60a 29.41±0.74b 1.91±0.22ab 2.00±0.54a 52.48±1.06b 

60:40 WBD4 7.36±0.06a 7.76±0.86a 29.32±0.90b 2.65±0.32a 2.08±0.06d 50.83±0.33b 

50:50 WBD5 8.91±1.01a 7.53±0.00a 29.28±1.41b 2.81±0.71a 2.10±0.13a 49.37±0.91c 

 Values are mean ± standard derivation of 3 replication.  

 Mean with different superscript along the same column are significantly different(P˂0.05)  

 A =100% Wheat Flour, B=90:10 Wheat and cooking banana flour, C=80:20 Wheat and 

cooking banana, D=70:30 wheat and cooking banana flour, E=60:40 wheat and cooking 

banana flour, F=50:50 wheat and cooking banana flour. 
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Moisture Content  

According  to  table  4.6, there was a  significant  difference  (p<0.05)  in  the  moisture content  

of  the  cookies  due  to  unripe nature of cooking banana flour, blend  proportion  and  their  

interaction.  With  an increase  in  the cooking banana flour  proportion  in  the  cookies,  there  

was  an  increase  in  the  moisture  content from average value 2.77%  in 100% wheat flour 

cookies to 8.91% in cookies with equal proportion of wheat and cooking banana flour blend. 

This increase was also reported by Ayo-Omogie (2015) for wheat and cardaba banana flour 

blend cookies.  They reported that moisture increase in the composite products resulting from 

Cardaba banana flour substitution might be due to higher moisture content of the dough. (Ho L-

H, 2013), further added that the dietary fibre of banana flour have high water absorption 

capacities than wheat flour mixing.  Bakery  products  with moisture  less  than  13%  are  stable  

from  moisture-dependent  deterioration (Ayo-Omogie, 2015). The  moisture  content  of  all  

the  cookies  produced  was  below  this  specified moisture  content. High  moisture  content  in  

the  composite  flour  cookies  is  needed  for  easier mastication, swallowing, refreshing and 

hydration. 

Protein Content   

As  it  can  be  seen  from  the  two  factors  ANOVA  analysis  (table  4.6),  significant differences  

(p<0.05)  exists  between  the  protein  content  of  the  cookies.  Blend  proportion  and  the 

interaction  of  blend  proportion was  observed  to  have  a  significant effect on  the  protein  

content.  There was a decrease in the protein content of the composite cookies as compared to 

100% wheat flour cookie from 7.53-8.31%.  This decrease was not significant (p>0.05) for all the 

cookie samples. This finding is in agreement with that of Edima-Nyah (2016) who reported that  

decrease  in  crude  protein  of  cookies  was  a  result  of  increase  in  banana  proportion. Ayo-

Omogie (2015), also reported a decrease of wheat-Cardaba flour blend cookies from 20.97-

12.97% due to increase in substitution of cardaba banana flour. The protein plays an important 

part in the organoleptic properties of the cookie samples in addition to being a source if amino 

acids (Usman, 2015). 
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The  average  protein  content  has  been  observed  to decrease  with  an  increase  in  the  

amount  of  the flour blends. The  average  protein  content  of  the  control  (100% wheat)  

cookies  was  observed  to  be  8.31%.  This  decrease may  be  due  to  the  low  protein content  

of  the  banana flour  (7.53%)  compared  to  soft wheat  flour.  According  to Njintang (2007), as  

a  result  of  the  low  level  of  proteins  in  the banana flour,  their  incorporation  into  wheat 

flour  is  expected  to  reduce  the  protein  content  of  the  composite  and  thus  has  a  

significant  effect on the rheology of dough made from such composites. 

Fat Content  

The  fat  content  of  the  cookies  was  observed  to  be  significantly  affected  (p<0.05)  by  

blend proportion.  Fat content of the cookies ranged from 29.28% in cookies with equal 

proportion of wheat-cooking banana flour to 31.37% in 100% wheat flour cookies. As  the  

amounts  of banana flour  in  the formulation  increases,  the  amount  of  fat  in  the  cookie  

decreases.  This may  be  due  to  the presence  of  fat  in  the banana flour  in  smaller  amount  

(29.28%)  than the amount present  in  wheat  flour  (31.37%).  According  to  the  research  by 

Njintang (2007), wheat  flour  has  much higher  fat  content  than banana flour.  Similarly,  a  

decrease  in  the  fat  content  of  mustard  biscuit  of Tyagi,  et. al. (2006) was reported and 

explained to be largely due to the incorporation of defatted mustard flour.  

There was a decrease in the fat content of the cookies as substitution of wheat flour with 

cooking banana flour increased. This same trend was also observed by Edima-Nyah (2016) who 

reported a decrease in fat content of banana-cocoyam composite flour blend biscuits (10.90-

7.37%) as the substitution with banana flour increased. Fat plays a significant role in predicting 

the shelf-life of food products and as such, high fat content could be undesirable in baked food 

products as it promotes rancidity leading to development of unpleasant and odorous 

compounds (Ihekoronye, 1985). 
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Crude Fiber Content  

The  crude fiber content  of  the  cookies  was  observed  to  be  significantly  affected  (p<0.05)  

by  blend proportion. Crude fiber content of the cookies ranged from 1.06% in 100% wheat 

flour cookies to 2.81% cookies with equal proportion of wheat-cooking banana flour blends. 

This correlates with the findings of (Loza, 2017), that the addition of banana flour increased the 

crude fibre content of wheat flour cookies. Onyekwelu (2017), also reported an increase in fibre 

content of wheat, unripe plantain and moringa leaf blend cookies  from  0.50-2.00%  as  the  

substitution  with  unripe  flour  increased. Ayo-Omogie (2015), also reported an increase from 

0.07-1.07%.  Increase in fibre content of the cookies suggests that these products will aid 

digestion thereby preventing constipation (Eleuch, 2011).  

Ash Content 

Blend  proportion  was  found to be significantly  affect  (p<0.05),  the  ash  content  of  the  

cookies.  It  was  observed  that  with  an  increase  in  the  amount  of banana  flour,  the  ash  

content  of  the  cookies  increased. Ash contents of the cookies increased from 1.34% in 100% 

wheat flour cookie to 2.10% in cookies with equal proportion of wheat-cooking banana flour 

blend. Significant differences existed in the ash contents of the cookies. Ash content of any 

food material is an indication of the non-organic compound containing mineral content of food. 

The cookies produced from equal proportions of wheat and cooking banana flour had the 

highest ash content implying that when used as composite flour, it will improve the mineral 

content of the product. This finding is in correlation with that of Ayo-Omogie (2015), who  also  

reported  an  increase  in  ash  content  of  cookies produced  from  wheat-cardaba  banana  

flour  blends  from  0.52-1.20%  as  the  substitution  with cardaba banana flour increased. 
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Carbohydrate Content  

The  carbohydrate  contents  were  found  to  be  highest  for  the  cookies  with  respect  to  all  

proximate composition parameters (protein, crude fiber, ash,  moisture  and  carbohydrate)  

determined in  this  study.  This  was  expected  as  the  ingredients  were  composed  of  mainly  

carbohydrate  rich materials, which are wheat and banana flours. The blend proportion had a 

significant effect (p<0.05) on the carbohydrate content of the cookies. The carbohydrate 

content had decrease with an increase in banana flour proportion from 55.15% in 100% wheat 

flour cookie to 49.37% in cookies with equal proportion of wheat flour and cooking banana 

flour blend. Cookies made from 100% wheat flour have been reported to contain high amount 

of carbohydrate due to a slight reduction in the moisture content of the cookies having 

decreased the proportion of the carbohydrate. The low carbohydrate content in wheat/cooking 

banana flour blend cookies will not favour better production of energy in meeting the daily 

activities. Ijeh (2010) reported that high carbohydrate is important as it provides the energy 

needed to do work; however, low carbohydrate content in diets is also of advantage for 

diabetic patients that need very low carbohydrate contents in their diets. This indicates the 

formulated cookie blends will be suitable for diabetic patients, overweight and obese persons. 

                       

   

                                                              

Figure 4.7. Wheat-unripe banana flour blends sample for proximate analysis  
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Table 4.7. Microbial analysis of flour blends  

Sample  Total  plate counts(log 

CFU/g) 

 

Bacterial load count 

(cfu/g) 

Mould load count 

(cfu/g) 

Control  2.85 

 

NF NF 

WBF1 0.24 

 

NF NF 

WBF2 1.56 

 

NF NF 

WBF3 2.06 

 

NF NF 

WBF4 1.42 

 

NF NF 

WBF5 0.26 

 

NF NF 

 

*NG: no growth found, the control sample is wheat flour prepared from wheat as control and 

cooking banana flour from WBF1-WBF5 represents the flour blends using central composite 

design. Shelf life of food product is highly dependent on occurrence and presence of 

microorganisms. In tables it was illustrated that there were no growth of microbial load found 

both control and composite flour blends. It has shown that no bacteria and mould were 

observed on the both flour blends and biscuit. 
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      4.9. Sensory evaluation of biscuits produced from wheat-unripe banana flour 

Table 4.8. Sensory evaluation of biscuit produced from wheat-unripe banana flour blends 

Parameters 100 control 

(WB) 

90:10 

(WBB1) 

80:20 

(WBB2) 

70:30 

(WBB3) 

60:40 

(WBB4) 

50:50 

(WBB5) 

Appearance  6.33±0.40a 5.20±0.32a 4.80±0.06a 4.47±0.32a 4.14±0.60a 3.40±0.02a 

Flavor 6.60±0.06b 6.33±0.61b 6.07±0.74b 5.40±0.23b 5.16±0.60b 3.80±0.67b 

Texture  6.00±0.33c 5.93±0.42c 5.60±0.02c 5.33±0.74c 4.87±0.08c 4.20±0.01b 

Color  6.33±0.60d 5.20±0.23d 4.87±0.42d 4.33±0.61d 4.10±0.32d 3.73±0.43c 

Overall 

acceptability  

6.40±0.60a 5.93±0.60b 5.47±0.08c 5.13±0.32d 4.85±0.42e 3.73±0.75e 

 

 Values are mean ± standard derivation of 20 replication.  

 Mean with different superscript along the same column are significantly different(P˂0.05)  

 A=100% Wheat Flour, B=90:10 Wheat and cooking banana flour, C=80:20 Wheat and 

cooking banana flour, D=70:30 wheat and cooking banana flour, E=60:40 wheat and 

cooking banana flour F=50:50 wheat and cooking banana flour.  

According to table 4.8: 

The sensory properties of the biscuits in 100% wheat flour biscuit produced had highest value in 

all the sensory evaluation studied. The low rating of equal proportion of wheat-cooking banana 

flour could be attributed to the unripe nature of the cooking banana. Sensory properties and the 

level of nutrients in foods were the major attribute that lead to consumers over all acceptability 

of a developed recipe. Biscuit produced from 100% wheat flour were better accepted by panel 

members. Above this level, the organoleptic attributes of the biscuits were unacceptable from 

preliminary studies. There were significant different (P≤0.05) in texture, colour, appearance, 

flavor and overall acceptability of biscuits made from the composite flour. 
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Appearance 

Appearance is very important parameter in judging properly baked cookies. A decrease in the  

acceptability  was  observed  with  an  increase  in  the  amount  of banana flour  in  the  

composite  flour  cookie,  the  mean  score  of  the  overall  acceptability  of  the  cookies  ranged  

from  6.33%  of  the 100% wheat flour  cookie  to  3.40%  of wheat- banana flour  cookie. Result 

of the sensory evaluation of the cookies appearances are similar to the findings of Ojinnaka 

(2015) who reported that increasing the levels of cashew nut in the cookies resulted in 

significant decrease in the sensory attributes of cookies. 

Color and flavor  

Color is very important parameter in judging properly baked cookies.  It doesn’t only reflect the 

suitable raw material used for the preparation but also provides information about the 

formulation and quality of the product (Hussain, 2006).  As it can be seen from table 4.7, color 

has been observed to be significantly affected by blend proportion.  A decrease in the 

acceptability of the cookies’ color was observed with an increase in the amount of banana flour 

in the blend. The high scored of sensory attributes of 100% wheat control could be as a result of 

taste and colour of wheat flour (control).  There was no significant difference (p>0.05) in the 

colour of all the cookie samples produced while the 10% substitution with cooking flour banana 

flour was not significantly different (p<0.05) from the control for colour, texture, aroma and 

taste. 

Flavor  is  the  main  criterion  that  makes  the  product  to  be  liked  or  disliked.  Flavor,  as  

color,  was observed  to  be  significantly  affected  by  blend  proportion.  The  mean  flavor  

score  of  the  cookies  was  found  to  decrease  with  an  increase  in  the proportion  of banana 

flour  in  the  cookie. Moreover, means of flavor scores had exhibited similar scores and 

statistical interpretation to color. 
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Texture 

Texture was used to determine the crispness of the cookies. A decrease in the acceptability of 

the cookies’ texture was observed with an increase in the amount of banana flour in the blend. 

Crispness of the cookies is a vital measure that determines the consumers’ acceptance. It is the 

most important textural attribute which denotes freshness and high quality. This  result  is  in  

agreement  with  cookies  of Ojinnaka (2009) made  from  modified  taro  starch  and  cookies  of 

Nip (1994) made  from  taro flour. In  general,  the  mean  score  of  the  overall  acceptability  of  

the  cookies  ranged  from  6.00% of the 100% wheat flour cookie to 4.20%  of wheat- banana 

flour  cookie. 

Over All Acceptability  

Overall acceptability was significantly affected by blend proportion. A decrease in the  

acceptability  was  observed  with  an  increase  in  the  amount  of banana flour  in  the  

composite  flour  cookie.  This  result  is  in  agreement  with  cookies of Ojinnaka (2009) made  

from  modified  taro  starch  and  cookies  of Nip (1994) made  from  taro flour. In  general,  the  

mean  score  of  the  overall  acceptability  of  the  cookies  ranged  from  6.40%  of  the 100% 

wheat flour  cookie  to  3.73%  of wheat- banana flour  cookie. Both the control and the 10% 

cooking banana flour substitution were therefore the most preferred by the panelist. This 

suggested that the substitution level that was comparable to that of 100% wheat flour cookies 

was 10% and as the substitution of cooking banana flour increased in the cookie blend, the level 

of preference reduced. result of the sensory evaluation of the cookies are similar to the findings 

of Ojinnaka (2015) who reported that increasing the levels of cashew nut in the cookies resulted 

in significant decrease in the sensory attributes of cookies. Similar findings were also made by 

Barber (2016), for wheat and African walnut flour cookies. 
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A=100% wheat control                    C=80:20 (WF: UBF)                                E=60:40 (WF: UBF) 

             

B=90:10(WF: UBF)                          D=70:30 (WF: UBF)                                   F=50:50 (WF: UBF) 

Figure 4.8. Biscuit recipes for sensory evaluation  
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      4.10. Mineral composition of biscuits produced from wheat-unripe banana flour  

Table 4.9. Mineral composition of biscuits produced from wheat-unripe banana flour blends 

Sample  Calcium (mg/100g) Iron (mg/100g) phosphorus(mg/100g) 

100% 5.89±0.06a 0.48±0.00d 22.10±0.01b 

90:10 5.99±0.06a 0.64±0.01b 23.46±0.10a 

80:20 6.01±0.06b 0.73±0.10b 23.64±0.05a 

70:30 6.09±0.01c 0.76±0.71a 23.80±0.67c 

60:40 6.10±0.02b 0.78±0.02c 23.89±0.32d 

50:50 6.12±0.10b 0.82±0.06c 23.93±0.05d 

 Values are mean ± standard derivation of 3 replication. 

 Mean with different superscript along the same column are significantly different(P˂0.05)  

 A =100% Wheat Flour, B=90:10 Wheat and cooking banana flour, C=80:20 Wheat and 

cooking banana flour, D=70:30 Wheat and cooking banana flour, E=60:40 Wheat and 

cooking banana flour, F=50:50 Wheat and cooking banana flour 

The mineral composition of the biscuits were presented in Table 4.9. 

Calcium Content 

The calcium content of the biscuits ranged from (5.89-6.12 mg).  Calcium content increase with 

increase of banana flour blends. Calcium is important for proper bone development in infants 

and young children (Okaka, 2006). The  biscuits  produced  from  wheat-cooking banana flour 

blends  revealed  had  significantly  (p  ≤  0.05)  higher calcium  and iron content than  the 

control. This is may be due to  the  addition  of unripen nature of cooking banana flour which  

contains  higher  amount  of  calcium  and  iron (INIBAP, 1999). However, the phosphorus 

content of wheat-cooking banana biscuit was significantly higher than other biscuits. 
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 Iron Content  

The iron content of the biscuits ranges between 0.48-0.82mg. There was an increase in iron level 

of biscuits with an increase in the substitution level of cooking banana flour.  The result of this 

study is in line with (Chinma, 2012), that recorded 3.18-3.81mg iron on the biscuit made from 

tiger nut and pigeon pea flour blends. Iron is a component of  myoglobin,  a  protein  that  

provides  oxygen  to muscles  and  supports  metabolism  in  human (Kim, 2014). 

Phosphorus Content 

 The phosphorus content of the biscuits ranged from (22.10-23.93 mg).  The  phosphorus 

content  of  the  biscuits  differs  significantly (P≤0.05)  from  each other’s  and  increased 

significantly  with  increase  in  substitution level of cooking  banana  flour.  Phosphorus is an 

important nutrient that plays a significant role in the formation of Adenosine Triphosphate (ATP) 

in the body (Badau, 2005). 
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5. Conclusions and Recommendation   

5.1. Conclusions 

Banana starches can be produced by isolated with alkaline method and gave the highest yield 

(33.11-43.32%). The amylose and amylopectin of cardaba banana starch were 33.11 and 43.32% 

respectively. Starch granules had smooth surfaces, irregular in size and shape that exhibited 

round, long and oblong.  Peak viscosity, breakdown, setback and final viscosity of cooking banana 

starches were in range 4568.65, 2321.2, 841.0 and 3874.0 respectively. The gelatinization range 

were 66.50, 75.16 and 86.54 respectively. The low percentage of water loss during storage and 

low setback obtained by folder profile study show that the starch is less prone to downgrading 

and syneresis, quite considerable factor when it comes to the development of products that 

need to be kept under refrigeration. 

The study also revealed that biscuits of high nutrient dense and acceptable organoleptic 

properties could be produced from 90% wheat and 10% unripe banana composite flour blends. 

The use of wheat and cooking banana flour in biscuits preparation resulted in significant 

improvement in the nutrient content of the composite biscuits. The composite biscuits  had 

acceptable  organoleptic  properties  in  which  the overall  acceptability  was  6.40  and  3.73% 

for biscuits  made  from  100% wheat and equal proportion of wheat and cooking  banana  flour  

blend  respectively which is like moderately and dislike slightly using the hedonic scale. 

Finally, at present the cost of bread and biscuits is very high in Ethiopia and it is showing no sign 

of price decline. Thus, it  is  believed  that  this  study  could  give  impetus  for  further  research  

into the  use  of  composite  flour  in  general  and  banana-wheat  flour  blends  in  particular  for  

making  bakery products. Products that were made by substituting some of flour using unripe 

cooking banana starch compared to the  product  that  were  made  by  using 100%  wheat  flour, 

have some differences  in  physical  and  chemical characteristics, digestibility, sensory properties 

and acceptability. 
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the  proximate  composition  of  the  cookies  in  this  study  showed  that  cooking  banana  

(Musa acuminata) flour can be used successfully as a partial substitute for wheat flour at a range 

of 0-15%.The  reduced  fat  content in biscuit as Cardaba flour substitution  increased  may 

make  for  healthy eating, while increased crude fibre (which is an indication of possible  

increase  in dietary  fibre) and  ash  in both  products makes Cardaba banana flour a functional 

food ingredient and  hence a good substitute for wheat-less baked foods. However, composite  

doughnuts and  cookies of  acceptable quality can be produced by substituting wheat flour with 

Cardaba banana flour  at  levels  not  exceeding  10%  and  20%  respectively. Thus, Cardaba 

banana flour has high potential as value added ingredient that can be incorporated in doughnut 

and cookies.  It was also observed that the quality of cookies could be improved in terms of 

crude fibre and ash with the use of cooking banana flour. The cookies with 10% substitution of 

cooking banana flour was preferable for colour, texture, aroma and taste and this compared 

favourably with 100% wheat flour cookie. The use of cooking banana flour would therefore go a 

long way in reducing dependency on wheat flour in Ethiopia. From this study, it was observed 

that the biscuits produced from the composite flour blend had  better mineral quality than 

those produced from 100 % wheat  flour  because  of  their  high  calcium  and  iron content. 
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5.2. Recommendations 

In view of  the  results  of  this  study, the use of wheat-cooking banana flour  blend  in  cookie  

formulation appeared  to  be  promising  from  nutritional,  quality,  acceptability  and  

economical  point  of  view. 

Therefore, the following recommendations are made:  

 Cookies  production  from cooking banana-wheat  composite  flour  should  be  given  

due  emphasis  and processors  should  be  encouraged  to  utilize  the  potential  of 

banana  flour  thereby  diversify  their products for better income and service for the 

consumer. . 

 The  use  of cooking banana flour  in  cookie  production  by  substituting  with  wheat  

flour  should  also  be encouraged  and  advocated  since it improve health condition of 

pregnancy, adulthood, infant and young children. 

 A  comprehensive  study  on  optimization  of  ingredient  and  shelf  life stability  of  

baked  products  of cooking banana flour  blended  with  other  cereals  should  be  

conducted  to  come up-with complete and usable information. 

 The effect of blend proportion of cooking banana flour and wheat flour and  baking  

temperature  on  the  physicochemical  properties  and  sensory  qualities  of  cookies 

should be studied. 

 Digestibility and energy value of biscuit obtained from wheat-cooking banana flour 

blends may be required in further studies. 

 The composite cookies of acceptable quality be produced by substituting wheat flour 

with cooking banana flour at levels not exceeding 10%. 
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Appendices 

Appendices A- Laboratory experimental pictures  

 

1-Raw mature cooking banana  

                                                                              

    

2- Sorting, cleaning and pre-treating of cooking banana 
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3-Oven dryer                                                                     4-Flour miller 

 

5-Centrifuge  

Appendices B- properties of starch analysis using RVA and DSC  
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Appendices C – microbial analysis  

 

                                   

Appendices D- Biscuit ingredients and receipt  
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Appendices E-Diagnostics analysis using SEM 

 


