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ABSTRACT

The nutritional value of green mature cooking bananas is mainly attributed to their resistant
starch and dietary fibre content. This study aimed at developing bread using a composite
mixture of wheat (70%) and pureed fresh green mature cooking bananas (30%) purposely to
enhance its health benefits attributable to improved resistant starch and dietary fibre content,
and to reduce postharvest banana losses which currently stand at 40% in Uganda.

Eight treatments of wheat-banana composite bread were formulated as: (1) pureed fresh
whole Mpologoma fingers, (2) pureed fresh Mpologoma pulp, (3) whole Mpologoma flour,
(4) Mpologoma pulp flour, (5) pureed fresh whole N23 fingers, (6) pureed fresh N23 pulp, (7)
whole N23 flour and (8) N23 pulp flour. Bread made from 100% wheat was used as the
control. Alveograph and consistograph properties for each of the composite doughs were
determined. Resultant bread was baked using the straight dough method, and analysed for
physical attributes, as well as moisture, resistant starch and dietary fibre content using
standard methods. All bread samples were assessed for sensory acceptability on a 9-point
hedonic scale using 30 untrained panellists. The effect of addition of different forms (pureed
fresh vs flour) and varieties of bananas on dough rheology and bread quality characteristics
was evaluated by principal component analysis using XLSTAT software.

Addition of pureed fresh and/or powdered bananas increased the mixing time required to
reach maximum dough consistency. Mpologoma variety mostly increased the water
absorption capacity of the composite mixture in pureed fresh and flour forms compared with
other treatments, as it increased the amount of water needed for optimum dough production.
Addition of bananas to wheat flour also reduced resistance to deformation (prmax) resulting
in poor dough handling behaviour and low dough tolerance in the fermentation stage.
Whereas all composite doughs generally had poor alveograph profiles suggesting low

potential for using bananas in bread production, Mpologoma pureed fresh whole fingers had



Xi

better rheological properties than all other composite samples highlighting its potential for
application in the bread making process up to a (30%) substitution level. Additionally, dough
samples containing bananas exhibited lower baking strength and resistance to mechanical
mixing compared to the control indicating that the former were weaker doughs.

The general appearance of bread obtained from banana-wheat composite doughs was
appealing and comparable to that of the wheat alone control. High-quality bread was obtained
from each of the treatments including pureed fresh or flour, whole fingers or pulp and
different varieties which was contrary to alveographic and consistographic prediction data.
Loaf volume ranged from 1137.97 cm® to 1410.00 cm® in samples formulated from 30% N23
pureed fresh pulp and 30% N23 pureed fresh whole fingers, respectively. There was general
increase in baking loss for bread formulated with banana flour compared with that made using
pureed fresh bananas. Bread samples containing 30% Mpologoma pureed fresh pulp had the
highest cross-sectional area while that from 30% N23 hybrid whole finger flour had the
lowest. Loaf weight was highest in the 30% Mpologoma pulp flour (613.50 g), and lowest in
the sample containing 30% N23 whole finger flour (544.00 g). Crust and crumb browning
increased with the addition of 30% bananas in comparison to the control. Composite bread
exhibited reduced hardness, cohesiveness and adhesiveness compared to the control. Bread
formulated using Mpologoma had highest moisture content while that made using N23 hybrid
had the lowest. Overall, Mpologoma variety had higher contribution to resistant starch of the
bread than the N23 hybrid, irrespective of pureed fresh or flour forms. Bread formulated from
whole bananas had higher dietary fibre content than that made from banana pulp. Mpologoma
whole fingers had the highest contribution to dietary fibre content of bread compared to all
other treatments. Addition of bananas caused significant decrease in the sensory quality
attributes of the composite breads compared to the control. Interestingly, bread made from
50% pureed fresh Mpologoma whole fingers was more appreciated for its general appearance

close to that of the control. The blend of 30% Mpologoma pulp flour was most appreciated for
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colour. Bread texture generally hardened whereas flavour and taste decreased with the
addition of bananas. It was therefore concluded that Mpologoma and N23 bananas could be
added at a rate of 30-50% in pureed fresh or flour forms to formulate bread with high resistant
starch and dietary fibre content. Addition of 30% banana pulp flour produced the best
composite bread in terms of taste and flavour, irrespective of variety, and could have better

prospects for commercial application compared with other treatments.



CHAPTER ONE: INTRODUTION

1.1 Background

Bread is a fermented wheat-based product made by mixing basic ingredients; water, wheat flour,
yeast, and salt (Ndife et al., 2011). Bread consumption has continuously increased in many
developing countries due to changing eating habits, steadily growing population, good taste and
convenience (Noorfarahzilah et al., 2014). Bread is consumed by about 65% of Ugandans in urban
settings and 31% of people in rural areas as a breakfast snack, in sandwiches and other culinary
preparations (Anna et al., 2014).

Bananas are the world’s fourth dietary staple food and most important agricultural commodity
after corn, rice and wheat (Subbaiah et al, 2013; Sarawong et al., 2014a). Uganda is the highest
producer of cooking bananas in Africa and ranks 2" in the world after India (UBOS, 2010).
Uganda produces approximately 10.5 million metric tons of plantains, 0.5 million metric tons of
dessert bananas and 4.34 million metric tons of cooking bananas (FAO, 2019). Green mature
bananas contain high levels of starch (22%) and low levels of natural sugars (1%), proteins (less
than 1%) and lipids (0.15 to 0.58%) (Hapi et al., 2007; Gafuma, 2018). The banana fruit is also
rich in vitamins A, B1, B2 and C (Balwinder et al., 2016) and alkali-forming essential minerals

such as potassium, magnesium, calcium and sodium (Aurore et al., 2009; Chong & Noor, 2010).

Thus, the health benefits of green mature bananas are largely attributed to their high content of
carbohydrates consisting of resistant starch, fiber, hemicellulose and pectin (Fasolin et al., 2007;
Happi et al., 2007; Aurore et al., 2009; Ovando-Martinez et al., 2009). Resistant starch in processed
and raw food materials has attracted a lot of research interest because of its positive effects in the
human colon and improvements on health (Fuentes-Zaragoza et al., 2011). Resistant starch is

defined by the Flair Concentrated Action of Resistant Starch (EURESTA) as the sum of starch and



products of starch degradation not absorbed in the small intestine (Asp & Bjork, 1992). Resistant
starch has reduced caloric content and possesses characteristic physiological properties that
improve lipid and cholesterol metabolism and reduce the risks of colorectal cancer, coronary heart
disease, type Il diabetes and other diseases (Fuentes-Zaragoza et al., 2011). Resistant starches are
not digested in the human small intestine but are fermented by bacteria or microbiota in the gut or
large bowel, which promotes the generation of short chain fatty acids that can lower the gut pH

and consequently reduce the formation of cancerous tumors (Asp & Bjork, 1992).

Like resistant starch, dietary fibers are edible portions of food plants which are resistant to
digestion and absorption in the small intestine, with complete or partial fermentation in the gut
(Gallaher & Schneeman 2001). Dietary fiber is also a suitable substrate for bacterial fermentation
in the colon, which helps to maintain its structure and proper function (Drzikova et al., 2005).
Dietary fiber consists of cellulose, hemicellulose, lignin, pectin, B-glucans and gums that can retain
water and swell slightly, preventing digestion and absorption of toxic substances in the intestine
(Brown et al., 1999; Figuerola et al., 2005; Gallaher & Schneeman, 2001). High dietary fiber intake
improves physiological and metabolic functions of the body (Champ & Guillon, 2000; Drzikova
et al., 2005). Dietary fiber also buffers acid in the stomach, increases faecal softness, faecal bulk,
water binding capacity, organic binding capacity, stimulates intestinal evacuation, reduces
intestinal transit time and binds diverse substances including cholesterol all of which enhance
removal of stagnant or potentially detrimental materials from the bowels (Lattimer & Haub, 2010;
Dhingra et al., 2012). Together with resistant starch, dietary fiber also provides a favorable
environment for growth of intestinal flora and increases intestinal microbial fermentation thereby
enhancing colon health (Jenkins et al., 1998; Jiménez-Escrig & Sanchez-Muniz, 2000; AACC,

2001b). These properties have been reported to play an important role in the prevention and


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhingra%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23729846

treatment of obesity, atherosclerosis, coronary heart disease, colorectal cancer and diabetes

(Jenkins et al., 1998).

There is a need for innovations involving processing of fresh green mature bananas into value-
added products such as bread and confections in order to enhance the health benefits of banana
due to its improved composition of functional ingredients including resistant starch and dietary
fiber (Ovando-Martinez et al., 2009; Ramli et al., 2010). Use of fresh green mature bananas in
bread production could also reduce postharvest banana losses which currently stand at 40% in
Uganda (Bezerra et al., 2013). Gafuma (2018) highlighted that fresh green mature cooking bananas
in Uganda are high in starch (4 to 15.2%; of which 38-68% is resistant starch), and could, therefore,
potentially be used to formulate cheaper functional bread which is high in resistant starch.
Moreover, the banana peel largely contains fiber and, could be a potential source of dietary fiber
in functional breads.

Although bananas have limited application in bread formulation due to lack of gluten (Al-mussali
& Al-gahri, 2009), they have been previously composited with wheat flour for production of bread
(Shittu et al. 2014), cakes and pasta. Wheat composite breads have also been successfully produced
from other crops that lack gluten such as corn (Siddiq et al., 2009), cassava (Shittu et al., 2007),
guava (Castelo-Branco et al., 2016), sorghum, chickpea (Mariera, 2018), barley, oat (Rieder et al.,
2012), yam (Amandikwa et al., 2015), malted rice (Veluppillai et al., 2010) and pumpkin
(Wongsagonsup et al., 2015) at non-wheat inclusion levels of 5-75%.

The effect of green mature banana flour to bread quality (Pacheco-Delahaye & Testa, 2005; Juarez-
Garcia et al., 2006; Muranga et al., 2010; Zuleta et al., 2012) and green mature bananas with their
peels as a raw material for bread making (Garzén et al., 2011; Gomes et al., 2016) has been

previously investigated. However, little is known about prospects of Ugandan cooking banana


https://www.sciencedirect.com/science/article/abs/pii/S0023643808002338?via%3Dihub#!
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varieties in production of bread with high resistant starch and dietary fiber content. This study
aimed at developing bread with high resistant starch and dietary fiber content using pureed fresh

green mature bananas and wheat composite mixture.

1.2 Problem statement and justification

Cooking bananas are the main staple food in Uganda grown on approximately 40% of the total
arable land by 75% of the country’s farmers (Ariho et al., 2015). Despite its high domestic
production, the crop is highly perishable amidst underutilization as a staple food and animal feed
leading to 22 to 45% postharvest losses (Muranga et al., 2010). This therefore creates a gap for

value addition of cooking bananas to reduce their postharvest losses.

One of the possible uses of fresh green mature bananas could be their application in formulation
of composite bakery products such as bread to reduce production costs, and the proportion of wheat
in bread for gluten intolerant persons (Muranga et al., 2010; Aziah et al., 2012; Gomes et al., 2016;
Gafuma, 2018). The banana-based composite bread could also have high potential to enhance the
nutritional quality of the product since fresh green mature cooking bananas are a good source of
resistant starch (Gafuma, 2018) and dietary fiber, which could be added in different food products

(Cummings et al., 1996).

Cooking bananas are used for production of thermally stable resistant starch 111 (up to 84% vyield
upon retrogradation) at about 145°C (Lehmann et al., 2002). Retrograded resistant starch Il
produces short-chain fatty acids with a high proportion of butyrate upon fermentation by intestinal
microflora such as Eubacteria (Sharp & Macfarlane, 2000). Butyrate is a substrate and signal
metabolite for activation of proliferation of probiotic microbes in the gut (Velazquez & Lederer,
1996; Sharp & Macfarlane, 2000). Thus, the bananas could be incorporated in bakery products to

boost their resistant starch 111 content in order to enhance the above probiotic functions.



There is limited information on application of fresh green mature bananas for supplementation of
resistant starch in bakery products in Uganda. In this study, Mpologoma, an indigenous cooking
banana variety and N23 a hybrid variety with similar agronomic attributes to the latter but has low
consumer acceptability were selected due to their high resistant starch content (68%) (Gafuma,
2018; Kisenyi, 2020) and high bunch weight indicating their potential for high product yield. Until
this study, Mpologoma and N23 varieties have been mainly consumed in fresh form as cooking
bananas; they are therefore prone to postharvest losses. Fresh green mature bananas have been
used to a limited extent as a source of resistant starch 111 which is poorly degraded to short chain
fatty acids by intestinal microflora (Englyst, & Cummings, 1986; Faisant et al., 1995). This study
therefore, aimed at exploiting pureed fresh green mature bananas as a functional ingredient for the

production of bread.

1.3 Significance of the study

East African Highland bananas are the main staple food in Uganda contributing to food security
in the country. However, because of the crop’s perishability, much of these fruits are lost especially
in peak harvest seasons leading to postharvest losses due to underutilization in value-added food
products. Partial substitution of wheat with fresh green mature bananas would not only improve
the functional properties of bread such as boosting its resistant starch 111 content but could also
reduce the production cost of bread since most of the wheat used in Uganda is imported. Flour and
water are the most important ingredients in a bread recipe as they affect the crumb structure and
texture, volume, weight, chemical composition and sensory attributes (Zanon & Peri, 1993;
Dowell et al., 2008). The ideal flour for bread making is wheat due to its gluten content which
contributes to the structure and texture of the product. However, in Uganda, wheat is expensive

because most of it is imported making bread production costly.



Results will inform food processers of the available opportunity to exploit Ugandan fresh green

mature cooking bananas for the production of functional composite bread. Consequently, this will

not only reduce postharvest banana losses in Uganda but also lower the cost of bread production.

1.4 Objectives of the study

141

General objective
To evaluate the potential of pureed fresh green mature bananas as a functional ingredient

for production of bread.

1.4.2 Specific objectives

1.

2.

3.

To evaluate the rheological properties (mixing time, water absorption, elasticity,
extensibility, baking strength and mixing stability) of the banana-wheat composite dough.
To determine the chemical (moisture, resistant starch and dietary fiber content) and
physical (loaf volume, loaf weight, baking loss, cross sectional area, colour of crust &
crumb and texture) properties of the banana-wheat composite bread.

To determine the sensory acceptability (appearance, colour, flavor, taste, texture and

general acceptability) of the banana-wheat composite bread.

1.5 Hypotheses

1.

There is no difference in rheological properties of the dough obtained from banana-wheat
composite mixture and that of the wheat alone control.

There is no difference in chemical and physical properties of bread produced from banana-
wheat composite mixture and that of the wheat alone control.

There is no difference in sensory properties of bread produced from banana-wheat

composite mixture and that of the wheat alone control.



CHAPTER TWO: LITERATURE REVIEW

2. Botanical description and production of bananas

Bananas and plantain (Musa spp.) are monocotyledonous flowering plants belonging to the genus
Musa that produces edible fruits known as fingers grouped into clusters (Karamura et al., 1998).
Bananas are an important food crop worldwide and are considered as the fourth most important
food crop globally after rice, wheat, and maize (Tripathi et al., 2007). It is an instrumental food
and crop in more than 135 countries in tropical and subtropical regions of the world (Brown et al.,
2017). The annual global production of bananas is estimated at 166.79 million metric tons with
India as the leading producer accounting for 27% of the global production (FAO, 2019). East
African region produces 20 million tons of bananas annually and this contributes to about a fifth

of total calorie consumption per capita in the region (Tumuhimbise et al., 2016).

Uganda is the second leading producer of bananas in the world where different cultivars of the
crop are grown mainly for food consumption with an annual output of 9.84 million tonnes
accounting for 11.18% of the world’s total production and a total per capita consumption ranging
250 kg to 480 kg in Uganda (Kabahenda & Kapiriri, 2010). In Uganda, bananas are mainly
produced in Central and Western regions of the country mainly as a food and cash crop (Komarek,
2010). The main types grown have been categorised as cooking bananas (Musakala,Nakabululu,
Nakitembe, and Nfuuka clone sets, roasting bananas (Gonja), sweet bananas (Ndiizi and Bogoya)
and brewing bananas (Kisubi and Mbidde) (Karamura et al., 1998; Nyombi, 2013; Byarugaba et

al., 2014).

2.2 Consumption and value addition of bananas
Consumption of bananas in Uganda is mainly determined by the type of the bananas and they have

been grouped into four main types depending on usage as dessert, beer, roasting and cooking



bananas (Karamura et al., 1998). Cooking bananas are the main staple food in most parts of the
country and they are steamed in banana leaves, pressed and simmered to make a paste locally
known as Matooke (Karamura et al., 1998). Sometimes the fingers are just boiled with a source to
make a local delicacy called Katogo. Examples of cooking bananas include Kibuzi, Nakitembe,
and Kabucuragye among others. Dessert bananas are ripened and eaten raw at full ripeness
characterized by a yellow peel colour and attractive sweet flour and they include Ndizi and Bogoya.
Local brew (Tonto), wines and juices are usually made from the beer bananas such as Kayinja,
Kisubi and Musa) which are ripened after harvest and used for juice extraction (Simmonds, 2007).
The juice can be fermented for production of Tonto in the central region of the country. Kisubi
(AB) is an example of a beer banana. Roasting bananas (plantain) are mainly consumed along
highways and are locally known as Gonja. They are harvested at green maturity, ripened and

roasted for consumption (Simmonds, 2007).

Bananas are perishable crops therefore, there is a need to process then into different shelf stable
products. Different value-added products are produced from bananas and these include beverages
such as local brew (Tonto), banana wine, & juice, banana soup & porridge and snacks such as

banana biscuits, pan cakes, and chips.

Banana juice and wine are mainly produced from over ripe bananas due to their high sugar content
needed for the taste of the juice and as food to the fermentative yeasts to produce alcohol needed
for the taste of the wines. Banana beer is made from ripe beer bananas which are extracted for their
juice under a wooden drum using the feet. Sprouted sorghum is added and the juice is fermented

to produce a weak hazy beer called Ntonto (Simmonds, 2007).

Bread is also made from raw banana flour fortified with vital gluten (Muranga et al., 2010). Pan

cakes are made from mashed dessert bananas blended with cassava flour to make a paste. The

8



paste is shaped into cylindrically shaped cookie-like products that are then deep fried to the golden
colour of pan cakes. To make banana cakes, ripe dessert bananas are mashed into a paste. Wheat
flour, baking powder, sugar, and eggs are added while mixing. The cake may be flavored and the

batter is baked in greased tins.

Banana flour is obtained from any cultivar of the processor’s choice and has been commercially
utilized for the production of banana-based products such as cookies and bread. The unripe green
mature bananas are peeled, sliced, dried and milled into flour. Banana chips are preferably made
from Gonja or Ndizi due to their sweet taste. The desert banana is peeled, sliced into cylindrical

slices and deep-fried to a golden colour then packed.

2.3 Banana breeding in Uganda

Due to environmental and biotic factors such as drought & low soil fertility and pests & diseases
causing high banana field losses, National Agricultural Research Organization (NARO) and its
partners such as International Institute of Tropical Agriculture (1ITA) have bred hybrid bananas
such as NARITA 23, NARITA 14, NARITA 21, NARITA 7 which are resistant to pests and

diseases (Tumuhimbise et al., 2016).

The breeding program focusses on enhancing yield characteristics, abiotic stress resistance, biotic
stress resistance, post-harvest characters and market attributes (Heslop-Harrison, 2011). Banana
breeding using convention methods that use genetic maps and DNA markers to identify useful
genes, combine desirable traits or resistance genes and accelerate selection (Heslop-Harrison,
2011). The process begins with cross pollination of the susceptible female fertile banana clones
with improved disease resistant diploid male parents (Janick, 1996). The resultant hybrids usually

have host resistance to banana pests & diseases and have better agronomical yields (Simmonds,



2007; Tumuhimbise et al., 2016). However, some of them such as N23, FHIA 03 and N21 have
low consumer acceptability due to poor eating qualities despite their high bunch yields and
therefore could be rejected as food crops (Ssemwanga et al., 2000; Nowakunda et al., 2015;
Tumuhimbise et al., 2016). Therefore, the use of such high yielding and disease resistant hybrid
bananas for production of composite breads would add value to hybrid bananas with poor eating

qualities as well as reducing postharvest losses of bananas in Uganda.

2.4 Nutrient composition of bananas

Bananas are a good source of nutrients such as resistant starch, proteins, vitamins, dietary fiber
and minerals (Ohizua et al., 2017). Carbohydrates particularly starch are the principal nutrient in
bananas on dry matter basis, comprising of both resistant starch and non-starches responsible for
the dietary fiber component (Ovando-Martinez et al., 2009). Resistant starch is indigestible in the
human gut hence contributing to the dietary fiber content of the bananas while non-resistant starch
has a low glycemic index yielding less sugars on digestion making it ideal for victims of diabetes
mellitus (Menezes et al., 2011). Due to a high carbohydrates content, bananas are a rich source of
energy ranging 67 to 137 cal/100g fruit (Ohizua et al., 2017). Bananas contain low amounts of fats
(below 1%) and proteins (3.8 to 4.2%) therefore addition of bananas to wheat flour would
complement the fat and protein content of the banana flour in the final composite bread since wheat
is rich in proteins and fat (Ohizua et al., 2017).

There are substantial amounts of minerals such as potassium, magnesium, calcium and phosphorus
in the banana pulp which can supplement the mineral content of wheat flour in banana-wheat
composite breads (Ohizua et al., 2017). Minerals are needed for enhancing enzyme activity,
protection of cells against free radical attack and in osmoregulation in the body. Bananas are also

a rich source of phytochemical compounds including phenols, flavonoids, vitamin C, A, Bs, and
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B1> with antioxidant potential against free radicals in the body as well as regulation of blood sugar
levels and therefore can go well with wheat breads since most of the breads on the Ugandan market
are made from refined wheat flour hence yielding a lot of sugars on digestion (Ohizua et al., 2017).

Table 1 below shows the proximate composition of bananas.
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Table 1. Nutrient composition (g/100 g) of bananas

Variety Moisture Protein Carbohydrate  Fat Ash  Fibre  Reference
EAHB 75-80 0.6-1.3 13.5- 0.05-1.6 3.1-3.8 0.7-2.9  Dotto et al. (2019)
18.6

EAHB 65-75 0.6-1.8 22-30 0.09-0.53 0.7-15 0.9-2.8 Dotto et al. (2019)

EAHB 7.8-96 0.9-14 84-86 1.04-1.24 1.3-2.0 2.1-2.9 Dotto et al. (2019)

EAHB 10-30 1.1-47 16.1-80 0.40-4.20 2.4-11.7 6.0-7.5 Dotto et al. (2018)

Hybrids 53-75 25-34 - 0.00-0.30 2.0-2.9 4.0-6.7  Annor et al.
(2016)

Hybrids: FHIA03, FHIA19, 53-75 25-3.1 - 0.00-0.20 2.0-3.1 3.9-6.7  Annor et al.

FHIA20 and Apantu pa (2016)
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2.5 Bread ingredients and their functional roles in baking

2.5.1 Wheat flour

There are two types of wheat flour which include strong and weak flour. Strong flour is made from
hard wheat varieties and contains more gluten than other types of flour which gives it its elasticity
and enables the dough to rise with good structure (Belton, 1999). Weak flour or soft flour which
is often divided into cake and pastry flour (Bennion & Bamford, 1997). It is low in gluten and
gives products a finer texture than baked goods made with hard flour (Belton, 1999). Wheat flour
consist of gluten protein comprising of two functional units of gliadins and glutenin (Wieser,
2007). Glutenin is an aggregated protein occurring in amounts of 20 to 40 mg/g of wheat and has
molecular weight ranging 500,000 to more than 10 million (Wieser, 2007). Glutenin influences
the elasticity, consistency and baking volume of the dough (Belton, 1999; Wieser, 2007). On the
other hand, gliadin is a low molecular weight polymer (molecular weights are between 28,000 and
55,000) and contributes to the softness of the dough hence responsible for the viscosity and
extensibility of the dough (Khatkar et al., 1995). Therefore, during the addition of fresh bananas
and banana flour to obtain a wheat composite mixture, caution must be taken on the extensibility,
elasticity and consistence of the dough to balance the elasticity and viscosity of the composite

dough.

2.5.2 Yeast

Yeast cells particularly Saccharomyces cerevisiae commonly known as baker’s yeast breakdown
the sugars into alcohol, carbon dioxide and organic acids which contributes to the flavor of bread
(Ali, Shehzad, Khan, Shabbir, & Amjid, 2012). As the carbon dioxide escapes, it pushes the gluten
network and as a result of the viscoelastic properties of the dough, this results into increase in

bread volume which sets during bread baking (Zanoni & Peri, 1993).
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2.5.3 Common salt/sodium chloride

Salt control yeast fermentation, toughens the dough by interacting with gluten making it less
sticky, extends dough development and mixing time, improves elasticity and extensibility,
enhances the dough mixing tolerance and increases the dough resistance to deformation

(Maforimbo et al., 2007).

2.5.4 Fats and oils

Fats and oils shorten the gluten strands resulting into a tender texture, moist mouth feel, color and
enhanced flavor in baked products (Brooker, 1996). Shortenings also influence the sensory
properties of baked goods by improving the oven spring, increasing loaf volume, contributing to

softer crumb with less crisp crust and better shelf life of the bread (Zanoni & Peri, 1993).

2.5.5 Sugar

Sucrose is the commonly used sugar in bread making and it provides the initial glucose and
fructose for growth of yeasts and also acts as an anti-staling ingredient inhibiting starch
recrystallization (Gerrard, Every, Sutton, & Gilpin, 1997). Due to its osmotic potential, sugar binds
water contributing to the moistness of the bread prolonging its freshness (Ali, Shehzad, Khan,
Shabbir, & Amjid, 2012). Upon heating above its melting point, sugars undergo caramelization
and react with proteins in presence of moisture contributing to non-enzymatic browning of breads

and an attractive aroma (Zanoni & Peri, 1993).

2.5.6 Water

Water is used for hydrating the powdered ingredients such as flour, sugar, yeast and salt during

bread making (Schiraldi, & Fessas, 2012). It is a solvent for dispersion of baking ingredients and
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the amount of water added to the flour depends on the flour quality in terms of amounts of damaged
starch in the flour (Zeleznak & Hoseney, 1986). During fermentation, carbon dioxide produced
dissolves in water forming carbonic acid that provides a favorable pH medium for action of gluten
enzymes and yeasts as well as strengthening the gluten network (Schiraldi, & Fessas, 2012). Starch
and proteins absorb water and undergo gelatinization and denaturation respectively, resulting into
an extensive dough easy to mold into bread loaves with enhanced volumes (Zeleznak & Hoseney,
1986). If too little water is added to the dough, the dough becomes firm and difficult to mould
producing a small loaf while if a lot of water is added, a softer dough results producing heavier

and excessively soft breads with poor texture (Schiraldi, & Fessas, 2012).

2.6 Principles of bread production

Bread is commonly made by the straight dough method (Figure 1) as described by Greene &
Bovell-Banjamin (2004). The process involves sieving of flour to remove any coarse particle &
impurities and to make the flour more aerated and homogenous (Dobraszczyk& Morgenstern,
2003). The ingredients including flour, sugar, salt, yeast, calcium propionate, fat and water are
weighed Fand transferred into a mixer (Rosell, 2011). Water is added to hydrate the dry ingredients
and the dough is mechanically kneaded to develop the gluten network. During mixing the
ingredients are uniformly blended and hydrated (Dobraszczyk& Morgenstern, 2003). Dough
development also takes place. The dough is then divided, weighed and knocked back by manually
punching and hitting it against work tables to facilitate the development of gluten networks through
stretching and folding (Rosell, 2011). The process also introduces atmospheric oxygen into the
dough which stimulates yeast activity and increases gas retaining capacity of the dough (Greene

& Bovell-Banjamin, 2004). The dough is then rounded to facilitate the development of a
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continuous matrix which increases gas retention in the dough and also reduces its stickiness
making it easier to handle (Rosell, 2011). This unit operation is followed by sheeting or flattening
of the dough for degassing and to make it easier to manipulate during the subsequent curling/
rolling into a cylindrical shape (Dobraszczyk & Morgenstern, 2003).

The molded dough pieces are immediately placed in greased baking pans and allowed to ferment
inside a proofer where the bread dough raises to double its initial volume under humid conditions
of 85% relative humidity for about 45 min (Rosell, 2011). During proofing the yeast ferments the
carbohydrates producing carbon dioxide and ethanol. The carbon dioxide causes leavening of the
dough that results in the dough increasing in volume (Greene & Bovell-Banjamin, 2004). The high
relative humidity during proofing prevents excessive water loss and also contributes to maintaining
the dough surface wet and flexible such that the dough can expand without the skin tearing. The
bread is then baked in an oven at 200°C for 30 min and then cooled on cooling racks for overnight

before slicing (Dobraszczyk & Morgenstern, 2003).
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Figure 1. Flow diagram for bread making

2.7 Measurement of dough rheological properties

Rheology refers to the measure of the way in which food samples such as dough respond to applied

stress and for dough samples, rheological properties are measured using rapid visco-analyser,
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farinographs, consistograph, alveograph and the mixolab (Mirsaeedghazi et al., 2008; Alava et al.,
2007; Fustier et al., 2008; Marco & Rosell, 2008; Ozturk et al., 2008). Rheological properties are
used to predict the baking qualities of wheat and composite flours. Pasting temperatures for
instance guides the food processor about the temperature required to cook the flour beyond its
gelatinization point (BeMiller, 2011). During this heating phase, starch in the dough absorbs water
swells and bursts resulting into increased viscosity, translucency of the food matrix and increased
solubility (Shimelis et al., 2006). The maximum viscosity attained during the heating phase is
referred as the peak viscosity and it influences the texture of the composite bread (Bakare et al.,
2016). The peak viscosity also measures the alpha amylase activity and other contributory factors
such as the inherent susceptibility of the starch to amylase and the starch gel strength (Watson,
1984; Meera, 2010). Holding strength is an indicator of the ability of the starch granules to
maintain their gelatinized structure when the paste is held at 95°C for 2min 30s under mechanical

shearing stress (Bakare et al., 2016).

Bread dough is a wet mass developed after mixing of wheat flour, water and other ingredients.
Mixing therefore aims at bringing about changes in the physical properties of the dough (resistance
to deformation, extensibility, elasticity, and stickiness) that would improve the ability of the dough

to retain the carbon dioxide gas that would be produced during yeast fermentation.

On a farinograph, arrival time refers to the time required to reach the nearest one- half minutes
required for the top of the curve to reach the point of greatest torque after the commencement of
mixing (500 BU consistency line) and also it is a measure of the rate at which water is taken up by
the flour (Shuey, 1990). On the other hand, Dough Stability Time (DST), is a measure of the extent
to which the flour can tolerance the flour either under mixing or excessive mixing without breaking

down (Schiller, 1984). Composite breads normally have DST in the ranges of 0.78 to 9.15 min

18



according to different scholars (Olatunji & Akinrele, 1978 Michiyo et al., 2004; Bakare et al.,

2016).

Water is responsible in hydrating the flour constituents such as starches, fiber from non-wheat
source, damaged starch, protein fibrils and facilitating the interactions between the proteins cross-
links with the disulfide bonds during dough mixing. The water absorption is the amount of water
required to develop dough to the point of greatest torque when, for wheat flour, the gluten would
have been fully developed (Malomo et al., 2013). Therefore, depending on the composition of
wheat and substitute flours, the optimum amount of water needed to develop cohesive, viscoelastic
dough with optimum gluten strength varies. Partial substitution of wheat with composite flours in
bread making has been reported to cause increase in water absorption of the composite flours
(Doxastakis et al., 2002; Malomo et al., 2013). Mixing tolerance index (MT]I) is an indication of
the dough stability during mixing and usually flours with good tolerance to mixing have low MTI;
the higher the MTI value, the weaker the flour while breakdown Time is an index of the relative

strength of flours (Shuey, 1990).

The alveograph measures the resistance to expansion and extensibility of a dough by providing the
measurement for maximum over pressure, average abscissa at rupture, index of swelling, and
deformation energy which are critical in the evaluation of the quality of wheat flours for bread,
biscuit and cookie making (Bettge et al., 1989; Janssen et al., 1996; Indrani & Rao, 2007). The
alveograph impacts strain rates of 0.1-1 sec, which are about 100-fold higher than those
occurring in actual baking processes (Chin & Campbell, 2005). The Peak height (P) indicates the
resistance the dough is offered to deformation and it is related the tensile strength or stability that
the dough exhibits during the proofing stage of bread making (Pyler, 1988; Mepba et al., 2007).

The length (L) indicates the extensibility of the dough while the curve P/L is referred to as the
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configuration ratio and is an index of gluten behavior. Higher values of curve configuration ratio
may indicate strong wheat flour as observed by Pyler (1988). The energy (W) required for
deformation is an indication of the baking strength of the dough and is measured in joules (Pyler,
1988; Mepba et al., 2007). The elasticity (G) value indicates the relative abilities of the dough to
be inflated for maximum development until it eventually bursts and it is therefore a measure of the
magnitude of the total response of the dough to the biaxial stress and strain imposed on it by the

instrument (Mepba et al., 2007).

2.8 Bread quality characteristics

The amount of absorbed water to form dough of consistent quality for baking influences increase
with substitution of non-wheat flour depending on other baking ingredients in the composite flour
and is usually lower than the farinograph water absorption resulting into higher dough yields with
composite flours (EI-Dash et al., 1977; Shuey, 1990). Loaf volume is used as a criterion to measure
the quality of fresh bread in research quality control in industry and by consumers (Chin &
Campbell, 2005; Zuwariah & Aziah, 2009). On the other hand, specific volume of loaves of bread
provide a uniform basis for comparing results of various studies (Oyeku et al., 2008). Specific
volume is an indication of the gluten content of the bread (\Van Hall, 2000) but other constituents
such as starch and fiber also contribute to the specific volume of bread. Research shows that bread
made from soft wheat flour usually yields lower loaf volumes. It has also been shown that the
difference between weak and strong flours can be explained by differences in the molecular mass
distribution of their proteins (MacRitchie, 1973). Abundance of glutenin molecules with long
chains was observed to have made the protein phase, and consequently the dough, highly

extensible (Bloksma, 1990).
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During bread proofing and baking, there is usually weight loss which could be due to both
fermentation losses brought about by amylases of starch and utilization of soluble sugar by yeast
and also by evaporation of moisture during baking (Bakare et al., 2016). However, weight loss has
been reported to decrease with increase in non-wheat flour substitution in composite flours which
could be attributed to higher weights due to their ability to form a viscous dough while imbibing

large amount of water which are lost during the baking (Bakare et al., 2016).

2.9 Sensory properties of composite bread

Bread is normally appreciated for its sensory properties of appearance (crust and crumb color, cell
size, and cell uniformity), flavor (characteristic taste of bread, wheat smell and aroma), and texture
(moth feel, lightness, crumb stability and softness). For crust colour, the preferred color is a light
golden brown colour while the crumb should be a typical white color of bread (Greene & Bovell-
Benjamin, 2004). Good bread has a characteristic taste of a typical wheat flour bread with a wheaty
aroma. The aroma separates slowly when pulled apart imparting a chewiness associated with

freshly baked bread (Greene & Bovell- Benjamin, 2004; Indrani & Rao, 2007; Bakare, 2008).
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Source and preparation of materials

Two (02) bunches of green mature bananas; Mpologoma a local variety and N23 a hybrid variety
with similar agronomic characteristics (Appendix I) were selected for the study. Mpologoma was
selected for this study because it has high bunch weight and hence flour yield as well as contains
high starch content (Gafuma et al., 2018). N23 hybrid has similar agronomic characteristics to
Mpologoma and was therefore included to compare their performance in bread production.

The samples were purchased from National Agricultural Research Organization (NARO),
Kawanda and immediately transported to Kyambogo University Food Laboratory. The bananas
were de-clustered, sorted according to finger size and washed in portable water. Each of the banana
samples was subdivided into four sets and used to prepare the following sub-samples (1) Pureed
Fresh Whole Banana Fingers (FWB), (2) Pureed Fresh Banana Pulp (FBP), (3) Whole Banana
Finger Flour (WBF) and, (4) Banana Pulp Flour (BPF). Wheat flour was purchased from a local
milling company (Azam Uganda Ltd). Active dry yeast (Saf-instant plus, B1591757) and other

ingredients were purchased from local supermarkets.

3.2 Preparation of banana flour

Banana flour was prepared according to the methods of Gomes et al. (2016) and Nakisozi (2018).
Sub-samples (3) and (4) in section 3.1 were sliced to approx. 5 cm thickness using a stainless-steel
knife and soaked in a solution of 1 g/100 ml citric acid for 5 min to prevent browning. The slices
were placed on a tray and dried in a conventional air oven at 55°C for 72 h (Nakisozi, 2018). The
dried sample was finely ground into a flour, sieved through a 3 mm screen (mrc, 108041501) and

stored in an airtight bag at kept at ambient temperature until use.
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3.3 Formulation of the banana-wheat composite dough mixtures
Banana bread was prepared using the pureed green mature banana — wheat composite mixture as
shown in Table 2. The substitution rate for wheat flour (30%) was adopted from Sarawong et al.,

(2014b) and Nakisozi (2018) as the optimal inclusion level.

Table 2. Formulations used in the production of banana-wheat composite bread

Sample Wheat (g) Bananas (Q) Water (ml) Sugar (g) Yeast(g) Salt(g) DM

1 210 90 (BPF) 1000 120 4.0 3.0 ND
2 210 90 (WBF) 1000 120 4.0 3.0 ND
3 210 90 (FBP/Mpo) 930 120 4.0 3.0 19.05
4 210 90 (FBP/N23) 930 120 4.0 3.0 2385
5 210 90 (FWB/Mpo) 930 120 4.0 30 2221
6 210 90 (FWBJ/N23) 930 120 4.0 30 2554
7 300 0.00 (control) 1000 120 4.0 3.0 ND

BPF, banana pulp flour; WBF, whole banana finger flour; FBP, pureed fresh banana pulp; FWB,

pureed fresh whole banana fingers; DM, dry matter content; ND, not determined

3.4 Measurement of rheological properties of the dough

3.4.1 Consistograph characteristics

Dough consistency behaviour was studied following the official method no. 173 (ICC, 2006). First,
the moisture content of the sample was determined as described in section 3.7.1. The amount of
the water to be added for hydration of the sample was automatically calculated by the equipment

based on the moisture content of the flour sample. Then, the mixer hook was inserted into the
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mixing bowel of the consistograph followed by 250 g of the sample. Mixing of the flour sample
ensued as the water dosing unit of the consistograph started adding water automatically. Mixing
proceeded for 5 min and the consistograph simultaneously generated a consistographic curve

(Appendix I1) and accompanying dough rheology properties.

3.4.2 Alveograph properties

The indices for dough resistance to extension (P), dough extensibility (G), and dough/baking
strength (W) were determined using a Chopin alveograph according to method no. 54-30 (AACC,
2001a). The alveograph characteristics herein are defined as the maximum over-pressure (P)
needed to blow the dough bubble, the average abscissa (G) at bubble rupture, the deformation
energy (W) which relates to the surface under the curve indicating the necessary work input needed

to inflate the dough, and the P/L ratio.

The kneader hook was inserted into the mixing bowel of the alveograph followed by the dough
sample obtained in section 3.4.1. Kneading of the dough started as the water was added
automatically, and proceeded for 8 min. The dough was extracted out of the mixer, laminated to
uniform thickness and cut into 5 uniform dough pellets (5x5 cm). The pellets were placed in the
resting chamber for 15 min and thereafter subjected to alveographic analysis as follows, to obtain
five different curves: the standard Chopin+ protocol at 80 rpm mixing speed was followed: initial
equilibrium at 30°C, 8 min, heating to 90°C, 7 min (at a rate of 4°C/min), holding at 90°C for 7
min, cooling to 50°C, 5 min (at a rate of 4°C/min), and holding at 50°C for 5 min. Of the five
curves obtained, only three most similar curves were selected, from which an average curve

(Appendix I11) and accompanying rheology properties were generated.
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3.5 Baking of the composite bread

Bread was baked using the straight-dough method no. 10-09 (AACC, 2001a) with some
modifications. The ingredients in Table 1 were weighed using a digital scale and mixed with the
required amount of water in a Macadams dough mixer (SM 201S/1917220822, South Africa) for
15 min. After mixing, the dough was divided into 500 g portions, rounded, fermented (knocked
back), molded into a loaf shape and placed in a lightly greased bread tin. The tin was placed in a
proofer (MP01-05906-05/19, South Africa) for 30 min at 40°C and 80% relative humidity. The
proofed dough was baked in a preheated Macadams rotary oven (M120, MR04-0263505/19, South
Africa) at 200°C for 20 min. A wheat flour alone, 50:50 wheat: fresh banana pulp control breads
were prepared simultaneously under similar conditions. After baking, the bread was cooled for 24
h, placed in low-density polyethylene bag and analyzed for physical, chemical and sensory

properties as described in sections 3.6-3.8.

3.6 Determination of physical properties of the bread

3.6.1 Loaf volume

This was determined by the rapeseed displacement method after cooling at room temperature for
1 h (Nakisozi, 2018). Rapeseeds were replaced by millet seeds because the latter are readily
available in Uganda and their size is generally similar to that of rapeseeds. A container was filled
with millet grains and levelled using a meter-ruler. The millet seeds were withdrawn from the
container into the measuring cylinder and their volume recorded. The bread to be measured was
placed in the container. The millet grains were gently poured into the container until the bread was

covered and levelled again. The volume of the remaining millet grains displaced by the bread was
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measured using a measuring cylinder and was considered as the volume of the bread expressed in
cubic millimetres.
3.6.2 Loaf weight
This was measured using a digital analytical balance (PA423, Ohaus, Switzerland), 1 hour after

the loaf was removed from the oven (Nakisozi, 2018).

3.6.3 Baking loss
Baking loss was determined by the difference between the weight of bread dough before baking

and weight of baked bread taken 24 hours after baking.

3.6.4 Cross sectional area of the loaf slice
The length and width of the bread slice cut from the centre of the loaf were measured and used to
calculate cross sectional area as follows:

Area (cm?) = length x width

3.6.5 Crumb and crust colour

Crust and crumb colour was measured using a Lovibond Tintometer (CR-10, Minolta, Japan). The
bread sample was cut into a 2 x 2 mm cross section and placed onto the optical glass and measured
for the degree of blackness, whiteness, greenness, redness, blueness and yellowness using the
L*a*b* colour notation where L* measures the lightness of the sample, the higher the value the
lighter the sample; a* measures the red-green colour axis, where +a* is red and —a* is green; and

b* measures the yellow-blue axis, where +b* is yellow and —b* is blue.
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3.6.6 Texture analysis

Bread crumb texture was determined after 24 hours of baking a using a TVT Texture Analyser
(TVT6700, Perten, Australia) equipped with a 5 kg load according to AACC method no. 74-09
(AACC, 2001a). Texture profile analysis was carried out using a cylindrical aluminium probe with
25 mm diameter. A 2 cm thick bread slice was obtained from the centre of the loaf and subjected
to double cycle of compression. Two measurements were taken on the slice crumb at pre-selected
locations under the parameters; cycle until count, test speed 1.0 mm/s, post-test speed 2.0 mm/s
and maximum deformation, 50%. The Texture Analyser software was used to obtain results of
maximum force at peak, area to first and second peak and time taken to reach peaks for each
measurement.

Texture properties of the sample were calculated using the obtained data as follows; (1) hardness;
maximum force at peak of the first compression, (2) cohesiveness; area during the second
compression divided by area during first compression, (3) springiness; time in seconds to second
compression divided by distance covered during first compression and, (4) chewability; hardness

x cohesiveness x springiness.

3.7 Determination of chemical properties of the bread

3.7.1 Moisture content

Moisture content was determined using the air oven method after 24 hours of baking. A clean dish
was placed in an oven at 105°C for 1 hour. The dish was weighed using an analytical balance
(Ohaus PA423, USA) after cooling in a desiccator for 30 min and the weight recorded. Bread
crumbs (5 g) were obtained from two bread samples, homogenised and placed in the dish. The dish

plus sample was placed in the oven (Memmert D-91126, Germany) at 105°C overnight until
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constant weight and then cooled for 30 min in a desiccator. The weight of the dish containing the
dry sample was measured and recorded. Moisture content was calculated as the difference between
the weight of the sample before and after drying and expressed as a percent of the original sample

weight.

3.7.2 Dietary fiber
Acid dietary fiber determination (ADF) solution was prepared by mixing 70 ml of sulphuric acid

and 50 g of cetyltrimethyl ammonium bromide to make up to 2500 ml using distilled water.

Then, 1.5 g of defatted bread sample was weighted into Erlenmeyer flask and 100 ml ADF solution
added to it. The flask was placed on an electric hot plate at 130°C. The contents were brought to
boil within 1 minute, digested for 1 hour and vacuum filtered through a linen cloth. The residue
was washed twice with boiling water and transferred to a clean crucible with a spatula. The crucible
with its content was dried in an oven at 105°C overnight, cooled in a desiccator and weighed. The
loss in weight was calculated as the dietary fibre content and was expressed as a percentage of the

initial weight of the sample.

3.7.3 Resistant starch content

Resistant starch content was determined using the Megazyme resistant starch assay kit by the
enzymatic hydrolysis procedure according to the method of Gafuma (2018). A 0.1 g bread sample
was weighed into a 15 ml Falcon tube and mixed with 10 ml of 1 M NaCl/0.5 M HCI containing
10 mg/ml alpha amylase. The flask was incubated at room temperature (25°C) for 40 min to
hydrolyze digestible starch. The mixture was centrifuged at 6000 rpm for 10 min at 4°C to obtain

an insoluble sediment. Then, 3 ml of Tris — maleate buffer (pH 4.75) was added and the sediment
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solubilized. The solubilized sediment was heated in a water bath at 90°C for 30 minutes to
gelatinize the starch. The starch gel formed was homogenized and 120 ul of amyloglucosidase
solution added and mixed thoroughly on a vortex. The mixture was incubated at 60°C for 45
minutes at pH 4.75. It was then centrifuged at 6000 rpm for 10 min at 4°C and the resulting
supernatant used to analyze for resistant starch content. The supernatant (0.5 ml) was taken into a
test tube and 0.5 ml phenol added. Then, 1 ml of distilled water and 1 ml conc. H2SO4 were added
and kept for 10 minutes in the dark for color development. The absorbance was determined using

a spectrophotometer (3047, Jenway, England) at 490 nm.

3.8 Sensory evaluation

A semi-trained panel comprising thirty persons was used to assess the sensory characteristics of
the bread samples. A nine-point hedonic scale (Appendix 1V) was used to score the different
organoleptic properties of the bread including appearance, colour, flavour, taste, texture and
general acceptance of the presented bread samples.

3.9 Statistical analysis

All chemical data were standardized by conversion to dry weight basis. Parametric statistics
(means and standard deviations) were analysed for variance (ANOVA) using the Statistical
Package for Social Scientists (SPSS) software. Pair-wise comparison of the data were performed
using XLSTAT trial version 2021. Differences were considered significant at p<0.05. The
relationship between pureed green mature banana addition, dough rheology and bread quality
characteristics were evaluated by principal component analysis (PCA) using the Unscrambler

software.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Rheological properties of the banana-wheat composite dough

The addition of pureed bananas to wheat resulted into changes in the rheological properties during
mixing as measured using a consistograph and alveograph.

4.1.1 Consistograph properties

The amount of water absorbed during flour mixing enhances the hydration and distribution of
ingredients in the dough and facilities optimum gluten development. The consistograph curve
begins at high pressure due to the absence of water in the dried flour which exerts high pressure
on the sensor. When water is added, pressure drops and when the dough develops, pressure further
increases (Figure 2). The dry flours initially exert a lower pressure on the sensor which uniformly
increases to the maximum.

The addition of pureed fresh and/or powdered bananas significantly increased (p<0.05) the time
required to reach maximum consistency as shown in the consistograph analysis (Figure 2). Among
the pureed fresh samples, Mpologoma whole fingers mostly reduced the amount of water (water
absorption, WA) needed for optimum production of dough while this parameter remained
unaffected for other samples (Table 3). Moreover, pureed fresh Mpologoma contained more
moisture compared to the hybrid variety N23 (section 4.5). Thus, WA indices and the pressure
(prmax) obtained in all curves involving N23 were generally higher than those of Mpologoma

variety, which could be related to the higher dry matter content of N23 than the latter (Figure 2).

For flours, Mpologoma significantly (p<0.05) had the highest WA (Table 3) implying that addition
of Mpologoma flour to wheat flour increased the amount of water needed for optimum dough

production. Each of the hybrid N23 whole finger and pulp flours were almost similar to their
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respective fresh samples therefore, the consistograph did not show significant differences (p>0.05)
in consistograph properties for this banana variety. Furthermore, addition of bananas to wheat
reduced resistance to deformation (prmax) (Table 3). This could be due to protein weakening and
results into poor dough handling behavior and low dough tolerance in the fermentation stage for

all the composite samples (Koksel et al., 2009).
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Figure 2. Changes in consistograph properties of dough obtained from wheat flour (70%0)
composited with different forms (pureed fresh vs flour, whole finger vs pulp) and varieties
(Mpologoma a local variety vs N23 a hybrid variety) of green mature cooking bananas (30%b).
Mpologoma: pureed fresh whole finger (A1), fresh pulp (A2) and whole flour (As). N23 hybrid:
pureed fresh whole finger (B1), fresh pulp (B2) and whole flour (B3). 100% wheat flour (C1), 100%
Mpologoma pulp flour (C2) and 100% N23 pulp flour (C3). Different colored lines represent the
values for different replicates of the test sample. The thick purple line represents the mean values.
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Table 3. Rheological properties of dough obtained from wheat flour (70%) composited with different forms and varieties of

pureed green mature cooking bananas (30%b)

Alveograph properties

Consistograph properties

Type of Baking Extensibility Water

sample Variety/ formulation Configuration ratio  Elasticity index strength index absorption Prmax
30:70 (MpoW:Wh) 1.80 8.10 221 88 51.1 1622

Fresh 30:70 (MpoP:Wh) 431 0.00 129 26 51.3 1655
30:70 (N23W:Wh) 1.60 10.2 222 95 53.5 2160
30:70 (N23P:Wh) 1.40 10.7 2.15 102 53.4 2139
30:70 (MpoW:Wh) 5.95 0 136 20 52.9 2022
30:70 (MpoP:Wh) 6.26 0 125 19 55.2 2529

Flour 30:70 (N23W:Wh) 5.32 0 109 19 53.3 2107
30:70 (N23P:Wh) 6.00 0 98 17 53.6 2179

Control 100% Wheat flour 1.40 54.1 262 67 53.4 2328
30:70 Bf:Wh 1.14 15.9 229 123 ND ND

MpoW: Mpologoma whole finger, MpoP: Mpologoma pulp, N23W: N23 hybrid variety whole finger, N23P: N23 hybrid pulp, Wh:

wheat flour, Bf: banana flour, HPWh: high protein wheat flour, ND: not determined.
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4.1.2 Alveograph properties

Pureed fresh whole finger or pulp banana samples (Figure 3) had relatively similar alveograph
profiles to that of wheat flour control implying prospects for applying pureed fresh bananas in
bread formulation. In contrast, composite dough containing banana flour samples had poor
alveograph profiles suggesting low potential for using banana flour in bread production. In general,
hybrid N23 pureed fresh samples had better rheological properties than Mpologoma counterparts
(Figure 3). However, Mpologoma pureed fresh whole fingers had better rheological properties than
all composite samples (Figure 3) highlighting its potential for application in the bread making
process. The rheological properties could be attributed to its greater consistency due to the swelling
of starch molecules and leaching out of amylose on heating hence increasing the consistency of

the dough due to starch gelatinization (Koksel et al., 2009).

When the P/L value exceeds a critical value, the elasticity index value reduces to zero. The lower
the configuration ratio, the better the elasticity index hence a higher baking strength which is
desirable (Pena et al., 2006). From this study, elasticity of the dough decreased with addition of
bananas with the lowest observed where banana flours were added (Table 3). Generally, flours had
lower elasticity indices compared to pureed fresh samples hence, very low configuration ratios
(P/L) and low/zero elasticity indices producing low baking strengths (Table 3). In comparison, all
pureed fresh banana samples had higher elasticity indices compared to the control, except for the
addition of 30% N23 pureed fresh whole fingers. Overall, the elasticity indices of the composite
mixtures were lower than that of the control suggesting that the substitution level of bananas (30%)
applied in the composite mixture was relatively high. Moreover, dough samples containing
bananas exhibited lower baking strength and resistance to mechanical mixing compared to the

control sample (Table 3) indicating that the former were weaker doughs.
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Figure 3. Changes in alveograph properties of dough obtained from wheat flour (70%)
composited with different forms (pureed fresh vs flour, whole finger vs pulp) and varieties
(Mpologoma a local variety vs N23 a hybrid variety) of green mature cooking bananas (30%o).
Mpologoma: pureed fresh whole finger (A1), pureed fresh pulp (A2) and pulp flour (Az). N23
hybrid: pureed fresh whole finger (B1), pureed fresh pulp (B2) and pulp flour (Bs). Controls: 100%
wheat flour (C1), 100% Mpologoma pulp flour (C2) and 100% N23 pulp flour (Cs). Different
colored lines represent the values for different replicates of the test sample. The thick purple line
represents the mean values.

Higher WA indicates higher amounts of water to be added to flour yielding a higher proportion of
the dough which is desirable for bread production (Dhaka et al., 2012). Increase in WA due to

addition of bananas could be attributed to the more soluble constituents in the latter which could
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have higher affinity for water requiring less amount of water for hydration compared to the
constituents in the wheat alone dough system (Dervas et al., 1999; EI-Soukkary, 2001; Doxastakis
et al., 2002). Pureed fresh samples had lower WA indices than flour samples. This could be
explained by the high moisture content in the fresh samples resulting into lower amounts of water

needed to hydrate the composite flours (EI-Soukkary, 2001).

Low baking strength is undesirable for bread making. The low indices of baking strength
observed for banana — wheat composite doughs could be attributed to weakening of the gluten
structure by entrapment of the banana particles into the gluten network structure (Dervas et al.,

1999; Doxastakis et al., 2002; Gliemes-Vera et al., 2004).

Resistance to deformation (prmax) is used to predict dough handling behavior and tolerance in
the fermentation stage. All banana-wheat composite doughs in this study had low prmax values
probably due to gluten dilution thereby reducing the extensibility of the bread dough

(Paraskevopoulou et al., 2010).

The reduced elasticity of the banana-wheat composite dough could be explained by the fact that
the non-gluten chemical constituents in bananas do not readily bind with those of gluten to enhance
dough elasticity thereby not enhancing the gluten network (Maforimbo et al., 2007; Roccia et al.,

2009).

4.2 Physical and chemical characteristics of the banana-wheat composite bread

The dough samples were processed into bread using the straight dough method. The bread loaves
obtained and their respective cross sections of the crumb are shown in Figure 4. Interestingly, the
general appearance of bread obtained from banana-wheat composite doughs was appealing and

comparable to that of the wheat alone control. Mpologoma pureed fresh finger and flour samples
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had brighter crumb appearance and texture close to that of the 100% wheat control compared to
all other samples tested (Figure 4). Interestingly, whereas rheological data in section 4.1 suggested
that pureed fresh banana pulp and pulp flour at inclusion ratio of 30% had low prospects of bread
formulation, results from this part of the study proved otherwise. Bread was obtained from each
of the treatments including pureed fresh or flour, whole fingers or pulp and different varieties
(Mpologoma and N23) showing the potential of the banana industry for confectionery application.
In fact, fairly good quality bread was also obtained when the inclusion level was raised further to
50% pureed fresh banana pulp as shown in Figure 4 (C2-Cs).

However, incorporation of whole banana fingers gave a duller crumb appearance compared to
pulp. The effect was more pronounced in the hybrid variety N23 (Figure 4 B1) than in Mpologoma
(Figure 4 Ay). Flour samples generally had brighter crumb appearance except for Mpologoma
whole finger flour (Figure 4 Az). Whereas crumb colour was generally dull for whole banana finger
samples, there is a growing market for brown breads in Uganda, and as such fresh whole finger
bananas can find application in production of these types of breads. Crumb pore consistency was
generally better and more even in treatments involving Mpologoma than the hybrid N23,
irrespective of the inclusion ratio i.e., 30 or 50%. These crumb pore characteristics did not depend
on whether fresh or flour samples were applied. Overall, it was evident that green mature bananas

could play a significant role in production of bread.
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FRESH SAMPLES FLOUR SAMPLES

CONTROL SAMPLES

MPOLOGOMA VARIETY

N23 HYBRID VARIETY

Figure 4. Image analysis of bread obtained from wheat flour (70%) composited with
different forms (pureed fresh vs flour, whole finger vs pulp) and varieties (Mpologoma a local
variety vs N23 a hybrid variety) of green mature cooking bananas (30%). Mpologoma: pureed
fresh whole finger (A1), whole finger flour (Az), pureed fresh pulp (As) and pulp flour (As). N23
hybrid: pureed fresh whole finger (B1), whole finger flour (B2), pureed fresh pulp (Bs) and pulp
flour (B4). Controls: 100% wheat flour (C1), 50% Wheat: 50% Mpologoma pureed fresh pulp (Cz)
and 50% Wheat: 50% N23 fresh pulp (Cs)
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4.2.1 Physical properties

Results of pan bread volumes obtained from the banana-wheat composite mixture are shown in
Table 4. As expected, the volume of the control (100% wheat) bread was significantly higher
(p<0.05) than that of the samples containing pureed bananas. For breads containing pureed
bananas, loaf volume ranged from 1137.97 cm?® to 1410.00 cm?® in samples formulated from 30%
N23 pureed fresh pulp and 30% N23 pureed fresh whole fingers, respectively.

With the exception of bread made using Mpologoma pureed fresh pulp, there was significant
(p<0.05) increase in baking loss for all bread formulated with banana flour compared with that
made using pureed fresh bananas (Table 4). Baking loss was highest in the 50:50% banana: wheat
composite bread and lowest in the 100% wheat alone control sample. These results suggest that
fresh green mature bananas yield lower baking losses compared to banana flour, when used for
production of composite banana-wheat bread.

Cross sectional area of the breads ranged from 85.76 cm? to 610.28 cm? with the sample containing
30% Mpologoma pureed fresh pulp having the highest cross-sectional area while that formulated
from 30% N23 hybrid whole finger flour had the lowest (Table 4). Loaf weight was highest in the
30% Mpologoma whole finger (607.0 g) and pulp (613.50 g) flours, and lowest in the sample
containing 30% N23 whole finger flour (544.00 g). The control bread (100% wheat) had a cross
sectional area of 119.23 cm?. The low cross-sectional area in bread made with 30% N23 hybrid whole
finger flour compared to the control sample could be attributed to the higher baking loss in the
former.

Crust and crumb browning increased significantly (p<0.05) with the addition of 30% pureed
bananas in comparison to the 100% wheat alone control probably due to enhanced Maillard

reaction (Lee & Brennand, 2005).
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Table 4. Physical properties of bread obtained from wheat flour (70%) composited with different forms and varieties of pureed

green mature cooking bananas (30%o)

Color of crumb/ crust

Baking  Cross Loaf Loaf a b L a b
Type of  Formulation loss sectional weight volume
sample area(cm?)  (9) (cm?3) Crust Crumb
30:70 (MpoW:Wh) 7.97¢ 534.932 572.50%  1169.71 20.25 -3.75%¢ 26.409 22.25° -6.00° 28.05°«
Fresh 30:70 (MpoP:Wh)  6.69¢ 610.28% 578.00%  1314.79°¢  20.60° -2.05%¢ 29.80°¢ 26.75%¢ -570%  32.75%°
30:70 (N23W:Wh)  9.25% 109.022 579.00%  1305.72b« 2375 -0.40* 29.70°¢ 22,15 -7.25%  27.00¢
30:70 (N23P:Wh)  13.63%c 85.85° 577.50%  1410.00 20.00° -1.40% 26.60¢ 24.25" -7.60% 29.55°«
30:70 (MpoW:Wh) 15.56%  90.64° 607.00 @ 1156.11¢ 23.95 -4,15° 31.05° 25.20%¢ -7,55% 29 75bcd
30:70 (MpoP:Wh) 12,73  102.77° 613.50 @ 1137.97¢ 32.45* -510° 35.80*° 30.85® -10.40° 29.65°«
Flour 30:70 (N23P:Wh)  7.97¢ 115.672 571.00%  1310.26°¢  21.45 -0.30® 27.30% 24.30° -545* 32.20%c
30:70 (N23W:Wh) 14.91* 85767 544.00 ° 1410.00* 23.95 -0.95% 30.05d 2485 -8.25% 27.45%
100% Wh 7.71¢ 119.23? 570.00%  1439.33d  27.85% -320%c 32.40® 32.45° -6.000 35.65%
Control ~ 50:50 (MpoP:Wh)  16.07®  112.67? 582.00%  1328.39bd 2355 -0.20°  30.25°¢ 27.10%°¢ -575%  33.75%
50:50 (N23P:Wh)  18.00% 94.87% 530.50° 1360.13d  21.65° -1.70*¢ 26.70¢ 23.95* -7.55%  28.40°

MpoW: Mpologoma whole finger, MpoP: Mpologoma pulp, N23W: N23 hybrid variety whole finger, N23P: N23 hybrid pulp, Wh:

wheat flour. Values in columns with similar superscript letters are not significantly different at p>0.05. Values are means of two

independent replicates.
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Baking loss due to addition of banana could be attributed to the higher water retention capacity of
banana especially for whole Mpologoma flour which also had significantly higher moisture content
of baked breads from composite flours due to higher amounts of water added during the baking
process according to consistograph results (Table 3). The higher baking loss in composite flours
could also be attributed to the fact that banana flour (particularly Mpologoma flour) has a higher
water absorption capacity than wheat flour according to consistograph results in section 4.1.1. This
was also exhibited in the composite bread made from the 30% Mpologoma flour which had the
highest loaf weight and a relatively low baking loss (Table 4).

Addition of 30% Mpologoma pulp flour led to production of the lowest bread volume which was
attributed to gluten dilution and mechanical disruption of the gluten network structure resulting
into reduced dough elasticity (Doxastakis et al., 2002; Paraskevopoulou et al., 2010). The
differences in bread volumes may be attributed to increased resistance to extension of the dough
which is in turn, determined by differences in technological characteristics of bananas and wheat
in terms of bread making (Dobraszczyk & Salmanowicz, 2011).

van Vliet et al. (1992) reported that the dough becomes firmer, stiffer, more elastic and solid as a
consequence of addition of non-wheat ingredients, thus reducing the leavening process. This
resistance to expansion could be due to strengthening effect of bananas on the gluten matrix.
Moreover, during proofing, the gluten matrix undergoes expansion producing an increase in the
dough volume (Dobraszczyk & Salmanowicz, 2011). Thus, it is possible that incorporation of
bananas could have reduced the gluten content of the composite mixture weakening the gluten
matrix thereby hindering dough expansion (Paraskevopoulou et al., 2010). This could be
confirmed true because, the control bread produced using high gluten wheat exhibited the best

rheological and baking properties highlighting the positive effect of gluten level on bread baking
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properties. Thus, the volume of banana — wheat composite bread could be improved by
supplementation of the composite flour with gluten, or by using wheat flour with higher gluten

content than the one employed in this study.

The control sample showed the L* value of 27.85 and 32.45 which indicates the whiteness of
crumb and crust bread slice, respectively (Table 4). There was a decrease in the lightness of the
bread crumb and crust with the incorporation of pureed fresh bananas and banana flour. Although
this trend was similar in the breads made with both pureed fresh and powdered Mpologoma and
N23, breads made with pureed fresh pulp and banana flour had higher values of lightness compared
to breads made from pureed fresh and dried whole fingers (Table 4). Martinez-Castafio et al.
(2019) also reported the brownest colour in crust for gluten free bread made with partial banana
flour substitution (15%). Control sample (100% wheat flour) and 30% Mpologoma pulp flour
showed higher crumb yellowness and a more intense crust browning compared to bread with 30%
N23 pulp samples (p < 0.05). The presence of different xanthophylls and phenolic compounds
might be associated with the yellowish-brownish colour of the banana bread samples (Kurhade et
al., 2016). Also, Mohamed et al. (2010) mentioned that for fruits like bananas that contain high
levels of polyphenol oxidase, they exhibit enzymatic oxidation of mono-phenolic compounds and

releases o-diphenols and o-quinones.

41



4.2.2 Textural properties

Textural properties of the baked bread were determined by double compression method on the

bread slice samples and the results are presented in Table 5.

Table 5. Textural properties of bread obtained from wheat flour (70%) composited with

different forms and varieties of green mature cooking bananas (30%b)

Type of sample Sample formulation Firmness (N) Resilience  Springiness  Cohesiveness (N)
30:70 (MpoW:Wh) 3.83+1.10®  0.46+0.01* 0.68+0.00° 0.47+0.01%
Fresh 30:70 (MpoP:Wh)  5.34+0.512 0.45+0.05% 0.71+0.06™  0.46+0.06*
30:70 (N23W:Wh)  3.69+0.84®  0.54+0.00* 0.78+0.00%¢ 0.55+0.01°
30:70 (N23P:Wh) 2.42+0.52  0.54+0.05* 0.78+0.05%°¢ 0.55+0.03%
30:70 (MpoW:Wh)  3.71+0.09%  0.38+0.04° 0.73+0.03%° 0.39+0.04°
Flour 30:70 (MpoP:Wh)  3.61+0.17®®  0.48+0.08®® 0.81+0.06% 0.47+0.07%
30:70 (N23W:Wh)  1.96+0.11"  0.53+0.00° 0.80+0.03*¢ 0.54+0.01%
30:70 (N23P:Wh) 1.39+0.14° 0.50£0.00® 0.84 +0.01*  0.50+0.04%®
100% Wh 3.30+0.04%c  0.57+0.02* 0.82+0.03* 0.57+0.03°
Controls 50:50 (MpoP:Wh)  4.03+0.38®®  0.47+0.01®® 0.74+0.01%¢ 0.46+0.01%
50:50 (N23P:Wh) 3.08+0.78>  0.53+0.00* 0.80+0.01%° 0.53+0.01°

MpoW: Mpologoma whole finger, MpoP: Mpologoma pulp, N23W: N23 whole finger, N23P: N23
pulp, Wh: wheat flour

Composite bread made from 30% N23 whole finger flour and 30% N23 pulp flour had the lowest
firmness/hardness (1.96 N and 1.39 N, respectively) which was significantly different (p<0.05)
from that exhibited by the samples made from 30% Mpologoma pureed fresh whole fingers (3.83
N) and 30% Mpologoma pureed fresh pulp (5.34 N) (Table 5). The trend in the observed crumb

firmness could be attributed to starch retrogradation and the thickening of the crumb walls
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surrounding the air cells and the strengthening of the crumb structure by the particles of the
composite dough (Davidou et al., 1996; Zobel & Kulp, 1996; Paraskevopoulou et al., 2010).
Alternatively, addition of N23 flours at higher amounts of 30-50% could have reduced firmness in
bread probably due to their high-water retentions which could have inhibited amylopectin
retrogradation (Biliaderis et al., 1995). Bread samples containing bananas exhibited reduced
cohesiveness (0.39 N to 0.55 N), and resilience (0.38 and 0.54) compared to the 100% wheat alone
control (0.57 N and 0.57, for cohesiveness and resilience, respectively), yet for the 30% N23
pureed fresh pulp (0.55 N and 0.54) and 30% N23 pulp flour samples (0.54 N and 0.53,
respectively) the same textural attributes were enhanced close to the wheat alone control (Table
5).

Springiness is the elastic recovery property of the dough after removal of first deforming force
(Adegoke et al., 2016). Bread made from 30% Mpologoma pulp flour and 30% N23 pulp flour
produced springiness close to that of the wheat alone control sample. This could be explained by
the higher gluten elasticity in wheat producing larger cells in the bread that enables cell expansion
by gas pressure during fermentation and oven spring creating a springy bread texture
(Paraskevopoulou et al., 2010). Bread made from the 30% Mpologoma pureed fresh pulp and 30%
Mpologoma pureed fresh whole fingers significantly produced lower springiness (0.71 and 0.68,
respectively) compared to the wheat alone control sample (0.82) (Table 5; p<0.05). This could be
due to the fact that fresh bananas are not as elastic as wheat gluten which forms a complex network

for facilitating cell expansion so that the crumb becomes less compact and springy.
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4.2.3 Chemical properties

The data obtained for moisture, resistant starch and dietary fiber content of bread obtained from
wheat flour composited with different forms and varieties of green mature cooking bananas are
shown in Table 6. Moisture content was variable among the samples studied with the bread
formulated using 30% pureed fresh whole Mpologoma having the highest moisture content (61%)
while that made using 30% pureed fresh whole N23 hybrid had the lowest (56.5%, p<0.05; Table

6). A similar trend in moisture content was observed among the flour samples.

Resistant starch content ranged from 1.08 g/100g in the wheat alone control bread to 3.59 g/100g
in bread containing 50% pureed fresh Mpologoma pulp (p<0.05; Table 6). In general, bread made
from pureed fresh banana pulp had more resistant starch content than its counterpart formulated
from pureed fresh whole banana fingers. In the case of flours, a reverse trend was observed
whereby whole banana finger bread had higher resistant starch content than banana pulp flour
bread. This could be attributed to the retrogradation process resulting into the formation of the
amylo-lipid bonds creates RS type 3 and 5, respectively (Martinez et al., 2019). Similar results
were reported by Amir et al. (2020) who used whole green banana flour. Overall, Mpologoma
variety had higher contribution to resistant starch of the bread than the N23 hybrid, irrespective of
pureed fresh or flour forms (Table 6). This could be due to its starch chemical properties (Amir et

al., 2020).

Dietary fiber was highest (1.76%) in bread made from 30% pureed fresh Mpologoma whole fingers
and was lowest in the 100% wheat alone control bread (p<0.05; Table 6). As expected, bread
formulated from whole bananas had higher dietary fiber content than that made from banana pulp.
This is due to the fact that the peel in whole banana has more dietary fiber compared to the flour

from banana pulp and wheat (Amir et al., 2020). Similar to results of resistant starch, Mpologoma
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whole fingers had the highest contribution to dietary fiber content of bread compared to all other
treatments. In fact, increasing the proportion of banana pulp to 50% did not pose significant
increase in the fiber content of the bread (Table 6) implying that banana peel is the major

contributory factor for enhancing the dietary fiber content of bread.

Table 6. Chemical composition of bread composited with different cooking banana

varieties at mature green stage

Type of  Sample formulation Moisture (%) Resistant starch Dietary fiber
sample 9/100 g “as is” (%)
Fresh 30:70 (MpoW:Wh) 61.53+0.50? 2.12+0.05 1.76+0.16
30:70 (MpoP:Wh) 57.17+0.30° 2.25+0.05 1.31+0.01
30:70 (N23W:Wh) 56.45+0.10° 1.44+0.15 1.20+0.25
30:70 (N23P:Wh) 60.40+0.20? 1.59+0.08 0.68+0.13
Flour 30:70 (MpoW:Wh) 58.78+0.02° 2.27+0.08 1.48+0.26
30:70 (MpoP:Wh) 56.78+0.02° 1.50+0.03 0.64+0.03
30:70 (N23W:Wh) 56.63+0.03° 1.70+0.04 1.95+0.01
30:70 (N23P:Wh) 57.50+0.03 1.59+0.08 1.52+0.18
Controls  100% Wheat 61.67+0.40? 1.08+0.01 0.57+0.05
50:50 (MpoP:Wh) 58.71+0.50° 3.59+0.21 0.60+0.29
50:50 (N23P:Wh) 60.65+0.20? 2.21+0.01 0.65+0.12

MpoW: Mpologoma whole finger, MpoP: Mpologoma pulp, N23W: N23 whole finger, N23P:
N23 pulp, Wh: wheat flour.

The high moisture content of 30% pureed fresh whole Mpologoma composite bread could be
attributed to presence of more hydrophilic chains due to the banana addition resulting into higher
water absorption capacities (Ho et al., 2013). The increase in moisture content can also be

explained by the presence of more soluble constituents such starch and dietary fiber in this banana

45



variety as evidenced in the results (Table 6). These substances have higher affinity for water
requiring less amount of water for hydration compared to the constituents in the dough system
(Dervas et al., 1999; El-Soukkary, 2001; Doxastakis et al., 2002). This was congruent with the
results of consistographic analysis (section 4.1.1) in which it was observed that addition of 30%

fresh Mpologoma whole fingers led to the lowest water absorption of the composite dough.

According to Goni et al. (1996) and Anil (2007), wheat flour has been reported to contain very
low resistant starch (<1% dry matter) and dietary fiber (2.7%, dry basis) (Goni et al., 1996; Anil,
2007) which are mostly lost during milling, it was possible to conclude that the relatively high
resistant starch observed in bread in this study was mainly due to incorporation of bananas. The
high levels of resistant starch in banana-wheat composite breads compared to wheat alone control,
is also attributed to the high starch contents in the green bananas (70-80%, dry weight basis) and
the presence of high level of insoluble residues of dietary fiber in the banana flour (Goni et al.,

1996; Anil, 2007). These factors may partly explain the results obtained from this study.

Addition of bananas resulted into higher levels of dietary fiber and resistant starch compared to
the control sample. These results were in agreement with the findings of other scholars (Juarez-
Garcia et al., 2006; Ovando-Martinez et al., 2009; Noor et al., 2012) who reported that fiber, ash,
and resistant starch content of banana flour incorporated products were higher than that control
without addition of banana flour. High dietary fiber intake is associated with enhanced human
health due to facilitated removal of potentially detrimental materials from the bowels by increasing
fecal softness, fecal bulk, water binding capacity, organic binding capacity and reducing intestinal
transit time (Champ & Guillon, 2000). Increasing dietary fiber intake also increases lactic acid
bacteria fermentation in colon producing short chain fatty acids with protective effects to the body

against colon cancer (AACC, 2001b). Based on the results from this study, consumption of banana
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bread especially one developed from Mpologoma variety could have positive contribution to the
above listed effects. However, there is a need for studies to demonstrate these effects in vivo in

humans.

Moreover, raw green bananas contain resistant starch type Il (RS 1), which is resistant to acid and
enzyme attack due to its crystalline properties that protect the starch from being digested (FAO,
1998). On cooking the bananas at about 145°C, RS type Il is converted to thermally stable resistant
starch 111 (up to 84% yield upon retrogradation) (Lehmann et al., 2002). Since the breads were
baked at 200°C, the obtained RS in this study could therefore mainly be the retrograded RS IlI
which has been reported to produce short-chain fatty acids with a high proportion of butyrate upon
fermentation by intestinal microflora (Sharp & Macfarlane, 2000). Butyrate is a substrate and
signal metabolite for activation of proliferation of probiotic microbes in the gut hence consumption
of the banana-wheat composite bread could result into enhanced human health against colon cancer

due to improved probiotic activity in the gut (Sharp & Macfarlane, 2000).

4.3 Sensory acceptability of the banana-wheat composite bread

Table 7 indicates results of mean scores of sensory acceptability of the banana-wheat composite
bread. Generally, the addition of bananas caused significant decrease (p<0.05) in the sensory
quality attributes of the composite breads compared to the wheat alone control sample. This could
be attributed to the polyphenol compounds in the bananas contributing to a sappy taste negatively
influencing the overall taste of the composite bread. Bread made from 30% N23 pulp flour and
50% pureed fresh Mpologoma whole fingers was more appreciated for its general appearance close
to that of the wheat alone control sample, while bread from 30% Mpologoma whole finger flour

and 30% pureed fresh N23 whole fingers was rejected due to its inferior appearance (Table 7).
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The mean scores for the colour of the breads ranged from 4.15 to 7.80 with the control sample
having the highest mean score while the 50% pureed fresh N23 pulp bread had the lowest. The
blend of 30% Mpologoma pulp flour was most appreciated for colour which was not significantly
different (p>0.05) from that of the wheat alone control sample.

Flavor and taste of the composite breads significantly decreased (p<0.05) with the addition of
bananas compared to the wheat alone control sample. Among the composite breads, 30%
Mpologoma pulp and 30% N23 pulp flours were the most appreciated for taste and flavor while
bread from pureed fresh Mpologoma whole fingers was least appreciated for these attributes (Table
7).

The texture of breads hardened with the addition of bananas. However, bread made from 30%
pureed fresh whole bananas exhibited softer texture which was not significantly different (p>0.05)
from that of the wheat alone control sample. Mean scores for general acceptability ranged from
3.93 to 7.05 with the wheat alone control and 30% Mpologoma whole finger flour having the
highest and lowest scores, respectively (Table 7). Bread produced from the composite of 30%
pureed fresh Mpologoma pulp had the highest score for general acceptability even at 30 and 50%

incorporation.
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Table 7. Sensory attributes of bread obtained from composited wheat flour with different cooking banana varieties at mature

green stage

Type of  Sample Appearance Color Flavor Taste Texture General
sample  formulation acceptability
Fresh 30:70 (MpoW:Wh)  5.55+1.88>  5.83+2.04 4.83+1.87° 4.85+1.93% 5.01+1.93% 4.95+2.01°
30:70 (MpoP:Wh) 5.50 +2.15"  5.45+]1.87°« 4.82+1.62° 5.03+2.28% 6.00+2.48% 5.28+2.24°
30:70 (N23W:Wh) 458+1.87°¢ 5.03+2.03% 4.90+2.13° 4.60+1.85" 4.65+2.05° 453+2.11°
30:70 (N23P:Wh) 5.05+1.87°  5.45+ 1.89« 4.98+2.07° 4.95+1.84% 4.80+1.90° 4.93+1.90°
Flour 30:70 (MpoW:Wh) 4.48+2.56° 4.15+2.704 4.60+ 2.30P 4.15%2.49 4.95+2.65% 3.93+2.31°
30:70 (MpoP:Wh) 5.83+2.10% 6.65+1.96% 5.13+1.70% 4.85%2,12%¢ 5.60+2.07% 5.13+2.20°
30:70 (N23W:Wh) 6.15+1.85° 5.73+2.14% 4.38+1.75° 3.50+2.17°¢ 4.88+2.34° 4.63+2.05°
30:70 (N23P:Wh) 5.30+2.04" 5.20+2.26" 5.35+1.87% 4.98+1.86%° 5.25+1.94% 5.10+1.96°
Controls 100% Wh 7.90+1.15% 7.80+1.44% 6.45+1.89% 6.45+.97 2 6.48+1.95% 7.05+1.83%
50:50 (N23P:Wh) 5.03+2.13 4.88+2.17% 4.85+1.94° 4.83+2.18" 4.90+2.20° 4.53+2.03°
50:50 (MpoP:Wh) 6.08+1.38° 5.70+2.07" 5.05+1.78P 4.88+1.79 5.80+1.87% 5.23+1.97°

MpoW; Mpologoma whole, MpoP; Mpologoma pulp, N23P; N23 pulp, N23W; N23 whole, Wh; wheat
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4.4 Principal component analysis

The principal component analysis (PCA) plot below indicates the relative contribution of the major
rheological properties of the dough to the physical and sensory attributes of the bread (Figure 5).
A positive interaction indicates that the rheological property that has a significant positive impact
(p<0.05) on the associated sensory properties of the composite bread. Principal component 1
(32.65%) contrasted breads 597, 647, 671, 756, 476 and 291 which had a high loaf weight, high
cross-sectional area and high firmness due to a high configuration ratio of the dough (Figure 5).
Principal component 2 (29.61%) contrasted breads 849 and 514 with good appearance, flavor,
taste, texture, springiness, specific volume, cohesiveness, moistness, low baking loss and general
acceptability being contributed by the high extensibility, water absorption, elasticity index, dough

strength, and dough tenacity (Figure 5).
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Figure 5. Principal component analysis of rheological, physical and sensory properties of
bread obtained from wheat flour (70%) composited with different forms (pureed fresh vs
flour, whole finger vs pulp) and varieties (Mpologoma vs N23) of green mature cooking
bananas (30%). P = peak height, L = dough extensibility, P/ L = tenacity-to-extensibility ratio, le
= elasticity index/elastic resistance, G = inflation required for maximum dough development, W
= dough strength, PrMax. Bread samples: 597 = 30% N23 pulp flour, 671 = 30% Mpologoma pulp
flour, 647 = 30% N23 whole banana flour, 756 = 30% Mpologoma whole banana flour, 476 = 30%
fresh Mpologoma pulp, 291 = 30% fresh Mpologoma whole finger, 849 = 30% fresh N23 pulp.
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The cohesiveness and specific volume are significantly positively correlated (p<0.05, r=70.7) with
bread sample 514 whereas resilience and loaf volume were significantly positively correlated
(p<0.05, r= 69.9) with bread sample 476 (Figure 5). PCA also indicated that the springiness,
cohesiveness and resilience of the wheat alone control bread was explained by its dough
development time and water absorption which also contributed to its sensory texture, colour, taste,
flavor and general acceptability. The effect of water absorption on springiness of the bread also
also be explained by gluten dilution due to addition of bananas (Hoseney, 1994). This could be
confirmed true because absence of bananas in the 100% wheat bread was associated with increased
springiness of the bread due to increase in the dough development time and low fiber content both
of which enhance formation of the gluten network in the dough (Callejo et al., 2009; Dachana et

al., 2010; Nirmala et al., 2011).

However, bread samples 841’s firmness was not correlated (r= 0.20) with its moistness. Quadrant
C revealed that bread samples (476 and 291) whose firmness was associated (p<0.05, r= 0.660)
with high loaf weight compared to the control. This confirms the fact that composite bakery
products are firmer than wheat alone counterparts due to incorporation of non-wheat materials
such as bananas. Similar results were reported by Crassina et al. (2012) while working with millet

flour incorporated in wheat for production of cookies.

Quadrant B showed that the colour, moistness and baking loss in bread made using 30% N23 pulp
flour was explained by the dough tenacity, dough strength, mixing tolerance and G indices of the
dough (r=64.4, 54, and 81.9, respectively). Mixing tolerance index contributes to the baking loss
of the bread due to the fact that addition of non-wheat components dilutes the gluten content

thereby decreasing its tolerance to mixing (Gunathilake et al., 2009).
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General acceptance and appearance were significantly positively correlated (p < 0.05, r= 86.4 and
71.3, respectively) with b*. The positive yellow colour (b*) of the control bread detected using the
colorimeter might be due to the presence of wheat germ which consequently contributes to the
perceived overall brown colour of the bread and its general appearance as depicted in the PCA

(Figure 5).

Quadrant D showed that the high cross-sectional area of composite breads 597, 647, 671 and 756
was explained by the tenacity-to-extensibility ratio (r= 63.1). Peak height (P) indicates the
resistance that the dough offers to deformation and it is related with the tensile strength or stability
that the dough exhibits during the proofing stage of bread making (Pyler, 1988; Mepba et al.,
2007). The curve configuration ratio (P/L) is an index of gluten behavior. High configuration ratios
indicate strong wheat flour as observed by Pyler (1988). However, the strength of composite flour
is probably influenced by considerations other than gluten behavior (Adegoke et al., 2016). The

above factors may explain in part, the trends observed in the results shown in Figure 5.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The main objective of this work was to evaluate the potential of pureed fresh and dried green
mature bananas as a functional ingredient for production of bread. The baking and confectionery

industry should consider:

1. Addition of pureed fresh and/or powdered green mature cooking bananas to increase the

time required to reach maximum consistency of the dough irrespective of variety.

2. Inclusion of pureed fresh Mpologoma whole fingers to reduce the water absorption
capacity (WAC) of the dough which is undesirable, but the latter variety in flour form
increases WAC to optimum levels for dough development. N23 a hybrid variety has

minimal effect on these parameters.

3. Addition of bananas to reduce dough resistance to deformation and baking strength during
handling and fermentation which leads to poor physical attributes of bread. Pureed fresh
whole banana fingers or fresh banana pulp had relatively similar alveograph profiles to that
of the wheat alone control implying better prospects for applying the latter in bread

formulation than their flour counterparts.

4. Pureed fresh Mpologoma whole finger produced brighter crumb appearance and texture
close to that of the wheat alone control highlighting the potential of this variety for

application in the confectionery industry.

5. Overall, addition of 30% banana pulp flour produced the best composite bread in terms of
taste and flavor, irrespective of variety, and could have better prospects for commercial

application compared with other treatments.
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5.2 Recommendations

e Addition of pureed whole bananas (fresh or flour) should be adopted by food processors to

increase the resistant starch and dietary fibre content of bread to enhance consumer health.

e Mpologoma and N23 bananas should be added at a rate of 30-50% in pureed fresh or flour
forms, to formulate bread with high resistant starch, dietary fibre content and good sensory

attributes relative to the wheat alone control.

5.3 Further study
Further studies may focus on characterization and quantification resistant starch in banana-wheat
composite bread and examine its effect of gut health in vivo. There is also a need to examine the

potential of these banana varieties in other bakery products such as cakes.
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APPENDICES

Appendix I: Banana varieties used in the study. A, N23 hybrid; B, Mpologoma
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Appendix I1: Consistographic profile of high gluten wheat flour

P {mibiar}

4800

200

<000

3800

3600

3400

3200

3000

2600

2600

2400

2200

2000

1800

1400

1200

1000

800

]

200

200

73



Appendix I11: Alveographic profile of dough obtained from high gluten wheat flour
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Appendix 1V. Ballot used for sensory evaluation of the banana — wheat composite bread

Panelist No.

You are provided with samples of bread. Please observe and record your liking of the samples on the scale of 1 to 9
by placing your score in the box next to the sensory parameter under each sample in the table. Please evaluate the
breads in the order in which they are presented. Use the water provided to refresh your palate before and between
samples.

ANSWER ALL QUESTIONS. We would like to know what you think!!

Score the products using hedonic scale below
Like extremely 9
Like very much 8
Like moderately 7
Like slightly 6
Neither like nor dislike 5
Dislike slightly 4
Dislike moderately 3
Dislike very much 2
Dislike extremely 1

Quality attributes Sample No.

Appearance

Color

Flavor

Taste

Mouth feel/ texture

General acceptability

Quality attributes Sample No.

Appearance

Color

Flavor

Taste

Mouth feel/ texture
General acceptability

Which sample (only one) would you prefer and why?

General comments (if any):

Thank you for participating in this exercise

75





