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ABSTRACT 

The alcoholic beverage called Urwagwa in Rwanda is one of the most popular drinks 

traditionally processed from banana. Besides being a popular beverage during 

various social gatherings, it is also a primary source of income for farmers in some of 

the banana producing agricultural zones in Rwanda.  Due to limited information on 

the aspect of microorganisms involved in the fermentation process and the effect of 

grilled ground sorghum vulgaris sp on physico-chemical changes that take place 

during fermentation. This study was carried out to determine how varying grilled 

sorghum concentration affected both proximate composition of banana juice-

sorghum composite mixture before fermentation and the physico-chemical quality 

parameter of Urwagwa. The study also sought to identify the indigenous yeasts 

involved in the spontaneous fermentation of this alcoholic beverage. Both proximate 

composition of banana juice-sorghum composite mixtures and physico-chemical 

characteristics of urwagwa were determined include the protein, pH, sugar content, 

ethanol and titratable acidity in natural fermentation. Identification of indigenous 

yeast involved in fermentation was carried out using both the conventional 

(morphological identification) and the molecular (PCR) techniques.  The results 

obtained at the end of fermentation indicated that the ethanol content in all 

fermenters ranged from 10.3-12.2% v/v, total soluble solids 8.1-9.7°Brix, pH 4.0-4.3 

and titratable acidity 0.64-0.93%. The highest fermentation rate was observed in 

fermenters containing ground grilled sorghum compared to the control (0% sorghum 

added). The highest total soluble solid at the completion of fermentation was found 

in banana-based alcoholic beverage with zero percent of sorghum while highest pH 
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was generally found in fermenters with sorghum combinations.  High titratable 

acidity was observed in fermenter with zero percent of sorghum. The concentration 

of 5% of ground grilled sorghum was found to result to the most desirable banana-

based alcoholic beverage as it gave the best quality parameters of banana-based 

alcoholic beverage. The morphological characteristics of the isolates recovered from 

urwagwa matched those of yeast (circular, umbonate, smooth and white to cream 

color). Molecular identification through BLAST analysis of partial sequences of 

isolates showed that they were from genus Saccharomyces cerevisiae with 97 to 

100% similarities of previously known sequences in GenBank database. These 

findings seem to suggest that a sorghum concentration of 5% would give the best 

quality urwagwa under the study conditions reported here and can therefore be 

recommended for adoption by traditional urwagwa producers. The study has also 

confirmed that yeast species Saccharomyces cerevisiae is involved in the 

spontaneous fermentation of this alcoholic beverage. Saccharomyces cerevisiae 

strain 1000 (LC269108.1) identified in fermenter with 0%, 2%, 5% and 15% of 

sorghum was found to be the best strain which can be used in banana-based alcoholic 

beverage production. 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFWTTNV0014
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CHAPTER ONE 

 INTRODUCTION 

1.1 General background information 

Alcoholic beverages are among the leading drinks in many African communities in 

terms of consumption (Shale et al., 2014). The high consumption levels of these 

beverages have vitalized both domestic and industrial production of those beverages. 

Almost all African societies have well established domestic production industries for 

the fermented alcoholic beverages, which to a great extent depends on traditional 

techniques (Mohapatra et al., 2010). Domestic production is often adopted to meet 

subsistence demands, with these beverages common in social functions such as 

weddings and rites of passage celebrations, among others. Commercial production is 

of a larger scale, adopting an industrial outlook that is often oriented towards mass 

production for consequent economic value. Despite the lower production threshold 

and traditional outlook of domestic production of fermented alcoholic beverages, it is 

strange that standard of specificity in terms of the quality, diversity, and appeals for 

these products are higher than that adopted in commercial production (Shale et al., 

2014).  

African countries, particularly the East African countries had historically embraced 

fermented beverages made from various raw materials including bananas. For 

instance, Rwanda, Uganda, and Tanzania have elaborated fermented banana 

beverage industries functioning at domestic capacities, but with emerging attempts 

towards commercial-level production (Wilson, 2012). In Rwanda particularly, 

Urwagwa, a popular traditional banana-based alcoholic beverage, has had a long 

historical significance for the society. This alcoholic beverage, which is made from 
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banana juice blended with ground grilled sorghum through spontaneous 

fermentation, is mainly confined to domestic production with annual production of 

700 million litres and an average consumption per capita of about 1.2 litres per day 

(Immaculate, 2013). During its production, ground grilled sorghum which is thought 

to accelerate the fermentation process and enhance flavour development in the end 

product is included as part of the composite mixture (Munyanganizi, 1975). This 

processing is however yet to be evaluate and documented through scientific studies 

(Wilson, 2012). 

The vibrancy within the fermented banana beverage market may be attributed to 

socio-cultural primers as drivers of consumption of banana-based beverage products 

(Ouma & Jagwe, 2010). Further, successes in banana farming have played a role in 

the consequent availability of good-quality resources to support the production of 

fermented banana-based alcoholic beverages. However, production standards 

regarding  quality and capacity for alcoholic banana-based beverages continue to be 

low based on a general unavailability of effective evidence-based production 

procedures (Satav & Pethe, 2017). In particular, there is limited knowledge on 

production-based characteristics of banana and yeast species as regards to the 

production of fermented banana beverages remains scanty. Traditional production of 

banana-based alcoholic beverages has often relied on nature as a conduit for the 

relevant microorganism to spur the fermentation process (Wilson, 2012). Various 

studies have highlighted the dangers of such uninformed approaches that include the 

production of unhealthy products (Shale et al., 2014). Modern alcoholic  production 

techniques are centered on better understanding of the relevance of characteristic-

based specificities of the microorganism (Hierro et al. 2004). Various bacterial and 
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fungal species have featured in several studies for their unique efficacies within the 

fermentation process. Some yeast species that include Saccharomyces pastorianus, 

Saccharomyces bayanus; and Saccharomyces cerevisiae have had a long historical 

utility in fermented alcoholic beverage production, with S. cerevisiae sustaining a 

prevailing dominance within the suggested industry. These species are largely valued 

for their high ethanol tolerance, proliferation in high sugar concentration and 

resistance to the production of sulphur-based compounds (Hutkins, 2006).  

 

 However, emphasis on the need to achieve value from an effective production 

process necessitates an effective understanding of intricate changes and process 

embodied in banana-based alcoholic beverage production cycle. An understanding of 

biochemical and microbial activities provides an effective way of ensuring a proper 

the fermentation process and identifying plausible inconsistencies (Satav et al, 2017). 

As observed by Wilson, (2012), knowledge on the product (substrate) and 

microorganism-based differences as regards fermented banana-based alcoholic 

beverage manufacturing process may aid in determining the most effective approach 

that can be adopted for the production of quality and consistent banana-based 

alcoholic beverage. Therefore, an understanding of the particular indigenous yeast 

species involved in the fermentation of the traditional banana-based alcoholic 

beverage, Urwagwa, and the physico-chemical changes taking place during the 

fermentation process could aid in providing an effective framework for better 

banana-based alcoholic beverage production. 
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1.2 Statement of the problem  

Despite traditional alcoholic banana beverage production being an expansive industry 

of long historical existence in Rwandan society, there is little documented research 

conducted on it. The few studies carried out on the fermentation of banana to produce 

alcoholic beverages have not reports on the aspect of microorganisms involved in the 

fermentation process and the effect of grilled ground sorghum on  physico-chemical 

changes that take place during fermentation (Wilson, 2012). Such information about 

banana-based alcoholic beverage production is deemed essential in promoting best 

practices with regard to raw materials inclusion, processing controls, and quality of 

end-product. It is therefore necessary to isolate, identify and characterize the 

indigenous yeast  involved in the production of banana-based alcoholic beverage in 

an attempt to improve the traditional banana-based alcoholic beverage  production so 

as to enhance consistent quality product for future industrial purpose (Wilson, 2012). 

Further, there is need to determine intrinsic physico- chemical changes occurring 

during the fermentation process. Despite the trends cited in other established beer 

production processes, the economic and aesthetic values of banana-based alcoholic 

beverage will only be realized through documentation of the relevant key 

components involved in the banana-based alcoholic beverage production process. 

1.3 Justification and significance of the study  

Rwanda is ranked among top ten banana producing countries in the world according 

to the United Nation Conference on Trade and Development report (UNCTAD, 

2016). The country is one of the major producers of bananas in the East African 

Great Lakes region after Uganda. In Rwanda, bananas come second after roots and 
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tubers in terms of the production levels and they are grown by 80% of smallholders 

(RAB, 2018). The commodity occupies 23% of the country’s arable land and 

contribute more than 27.6% of annual crop production in terms of produce (NISR, 

2016). Urwagwa is one of the oldest and major alcoholic beverages traditionally 

produced from banana and is popular in Rwanda as well as in other East Africa 

countries. In Rwandan culture, traditional banana-based alcoholic beverage is 

important in various social and ceremonial roles, where no ceremony is complete 

without these beverage being served (Shale et al., 2014).  

 

Production of Urwagwa also serves as an important source of income and 

employment among many farmers. Rwanda is facing  postharvest losses of bananas 

which is estimated to be up to 30 to 40% (RAB, 2018). This problem can be solved 

through value-addition by processing banana into banana-based alcoholic beverage. 

But the processing methods of Urwagwa are mainly done using traditional methods. 

Improving the production standards and quality of banana-based alcoholic beverage 

can result in a product of higher quality, with higher economic and potential for the 

farmers and entrepreneurs. It is therefore important to understand the production 

process, identify the microorganisms that are naturally involved in the fermentation 

and understand the effect of ingredients such as grilled ground sorghum on physico-

chemical changes that take place and its influence on the overall product quality.  
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1.4 Objectives 

1.4.1 General objective 

The general objective of this study was to determine the effect of varying grilled 

sorghum vulgaris sp levels on the physico-chemical properties of urwagwa and to 

identify indigenous yeast involved in the fermentation process.  

1.4.2 Specific objectives 

1. To determine the proximate composition of the banana juice-sorghum composite 

mixture used in production of Urwagwa. 

2. To determine the effect of grilled sorghum concentration on the physico-chemical 

changes (pH, sugar concentration, ethanol accumulation and titratable acidity) 

during the fermentation process. 

3. To isolate and identify the indigenous yeast species involved in the fermentation 

process. 

1.5 Research hypothesis 

1. Proximate compositions of ground grilled sorghum do not affect the 

composition of banana juice-sorghum composite mixture used in production of 

Urwagwa. 

2. Varying grilled sorghum concentration has no effect on the physico-chemical 

changes occurring during the fermentation process.  

3. There is no variation in indigenous yeast strains involved in fermentation of 

urwagwa. 
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1.6 The scope of the study  

The study was limited to Rwandese banana-based alcoholic beverage Urwagwa 

context as the domain of interest. The research included an analysis of the proximate 

composition of banana juice-sorghum composite mixtures before fermentation and 

their effect on fermentation process, with particular emphasis on physico-chemical 

changes occurring during the beverage production process. Further, the study was 

conducted on the molecular identification of indigenous yeast linked to the banana-

based alcoholic beverage production.  
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2 CHAPTER TWO 

2 LITERATURE REVIEW 

2.1 Banana origin description  

The banana plant originated from South-East Asia and has been cultivated for nearly 

10,000 years. The first traces, which date back to 7 000 B.C., were found in Papua 

New Guinea. This giant herb belongs to the Monocotyledon class and the Musaceae 

family (UNCTAD, 2016). 

Banana (Musa spp.) is an edible fruit produced by large herbaceous flowering plants 

which belong to the family Musaceae, genus Musa and species acuminate 

(UNCTAD, 2016). Bananas are perennial tropical and subtropical crops which grow 

in a wide range across the globe and are an important staple and nutritional food 

which play a key role in food security in the producing countries. Bananas contain a 

high water succulent stem which helps resist drought. Beer and cooking banana 

varieties vary in both physical and chemical characteristics. Normally both varieties 

mature about three months after flowering.  

 

Banana height  averages from 2-9 m while the fruits are variable in size, shape and 

color (Nelson, 2006). Generally fruits are elongated-cylindrical, straight to strongly 

curved 3-40 cm long and 2-8 cm diameter. About 12-20 flowers are estimated per 

cluster and the collection of flowering parts and fruits are referred as bunch.   

According to Byarugaba-bazirake, (2008) Mbidde (AAA-EA) cultivar has hard 

bunches with starchy banana fingers which require an expert to differentiate them 

from cooking banana cultivars. Kisubi cultivars are usually shorter compared to 

cooking varieties whereas sweet Ndiizi cultivars have both smaller banana fingers 
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and stems in the mother crop. The cooking banana cultivars are normally harvested 

while still green whereas banana beer cultivars are harvested at full maturity when 

the first fingers nearest the stalk turn to yellow. 

Banana fruits are excellently starchy and are very rich in carbohydrate. However 

their chemical compositions vary a great deal depending on different factors such as 

location ecology, nutrition and location of bunch from which bananas fingers are 

sampled for analysis as well as maturity (IITA, 1993). Different cultivars also differ 

considerably in terms of chemical content such as sugar, fats, minerals, proteins, 

moisture content and acidity. 

 

 Bananas and plantains feature  among the top ten crops produced worldwide, 

ranking behind maize, rice, wheat, cassava, and potatoes, but ahead of sorghum, 

millet and sweet potatoes (German et al., 2015). World production of banana is 

estimated to be about 133,691,965 tonnes (Table 2.1). Main production zones are 

located in Asia, representing 44 percent of world volumes, followed by Africa at 25 

per cent and central and South America at 22 per cent. Rwanda,  as one of East 

African countries is ranked among top ten producers of bananas worldwide with an 

estimated production of  3,263,462 tonnes (UNCTAD, 2016). According to the 

National Institute of statistics of Rwanda (NISR, 2016) banana  occupies 314705Ha 

of cultivated land  which represent 23.2 per cent of arable land. The  large number of 

clones  grown in Rwanda are the local East African highland cooking and beer 

cultivars (AAA-EAHB) and introduced beer (AB, ABB) and desert (AAA, AB) types 

(Gaidashova, 2005). For the last 15 years, beer cultivars have dominated banana 

production increasing from 67% to 71% at the expense of dessert types (Gaidashova, 
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2005).  But previous study done by (Nsabimana et. al., 2008)  reported two major 

banana subgroups determined at all sites, Lujugira-Mutika with 77.8% and Pisang 

Awak with 11.9% of abundance respectively. A total of 104 cultivar names were 

recorded, with 53 synonyms identified for 51 cultivars. Forty cultivars belonged to 

Lujugira-Mutika subgroup, with ‘Intuntu’, ‘Intokatoke’, ‘Injagi, ‘Mbwaziruma’ being 

the most abundant cultivars, while eleven cultivars are exotic. Gisubi (ABB), Gros 

Michel (AAA), and ‘Kamaramasenge’ (AAB) are the most abundant. Farms with a 

higher proportion of Gisubi contained fewer of other cultivars (Nsabimana et al. 

2008).  

Table 2.1: Estimated banana production (dessert and cooking banana), Metric Tonnes 

(MT) per annum. 
N

o 

 

Country Total 

Production 

Dessert banana Cooking 

banana 

1 India 27575 000 17 075 000 10 500 000 

2 China 12075238 11 506 238 569 000 

3 Uganda 8 926 308 500 000 8 426 308 

4 Philippines 8 645 749 5 790 091 2 855 658 

5 Brazil 6 892 622 6 402 622 490 000 

6 Ecuador 6 739 739 6 145 527 594 212 

7 Colombia 5 405 365 2 587 625 2 817 740 

8 Indonesia 5 359 115 3 289 115 2 070 000 

9 Rwanda 3 263 462 250 000 3 013 462 

10 Nigeria 3 222 000 315 000 2 907 000 

Source: UNCTAD, 2016   
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2.2 Production zone of banana in Rwanda 

Banana is the second main staple food after beans in Rwanda with widespread 

cultivation, consumption and cultural acceptance.  The main production zone and 

quantities produced are shown in Figure 2.1. 

 

Figure 2.1: Rwanda’s banana producing zones and their quantity in tonnes.  

Source: Ministry of Agriculture, 2012. 

 

Based on Figure 2.1, the Western province is the leading producer of beer banana in 

Rwanda with 68% of total banana production which show the dominance of beer 

banana over cooking banana, followed by Southern and Northern Province with 66% 
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and 61% respectively. The least prevalence of beer banana production is seen Eastern 

province with 34% (Ministry of Agriculture, 2012) . 

2.3 Banana cultivars used for beer production in Rwanda 
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Figure 2.2: The classification of banana. (Source: Karamura, 1998) 
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2.4 Nutritional composition of banana 

As one of the main staple crops in most East African countries bananas, are nutritious 

and often complement cereals and roots as well as tubers. Bananas are consumed as 

starchy food, sweet fruit and are used in brewing for banana-based alcoholic 

beverages. Bananas are good source of vitamins and minerals as well as rich sources 

of fibre and carbohydrates (Table 2.2). Bananas contain minerals such as potassium, 

copper, magnesium, iron, sodium, manganese and calcium (Table 2.2). Bananas 

contain dopamine; a powerful antioxidant and all B group’ vitamins especially 

vitamin B6.  
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          Table  2.2: Nutritional composition of banana 

Nutrient Unit  Value per 100 g 

Water g 74.91 

Energy kcal 89 

Energy kJ 371 

Protein g 1.09 

Total lipid g 0.33 

Ash g 0.82 

Carbohydrate g 22.84 

Total dietary fibre g 2.6 

Total sugars g 12.23 

Sucrose g 2.39 

Glucose g 4.98 

Fructose g 4.85 

Lactose g 0 

Maltose g 0.01 

Galactose g 0 

Starch g 5.38 

Minerals 

  Calcium mg 5 

Iron mg 0.26 

Magnesium mg 27 

Phosphorus mg 22 

Potassium mg 358 

Sodium mg 1 

Zinc mg 0.15 

Copper mg 0.078 

Manganese mg 0.27 

Selenium µg 1 

Fluoride µg 2.2 

Vitamins 

  Vitamin C mg 8.7 

Thiamin mg 0.031 

Riboflavin mg 0.073 

Niacin mg 0.665 

Pantothenic acid mg 0.334 

Vitamin B-6 mg 0.367 

Source : USDA National Nutrient Database, (2016) 

2.5 Fermentation 

According to modern industrial microbiology fermentation is a process of 

biotransformation carried out by microorganisms or their enzymes, irrespective of 
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whether it is based on fermentation in the classic sense (anaerobic and  catabolism of 

organic substrates without the involvement of exogenous electron acceptors) or 

oxidative metabolism respiration (Forschungsgemeinschaft, 2010). 

Alcoholic fermentation refers to the biochemical conversion of sugars within a 

particular medium to ethanol and carbon dioxide as pre-dominant fermentation 

products following action by micro-organisms species. Alcoholic fermentation is an 

anaerobic process mainly performed by yeasts such as that of the S. cerevisiae 

species (Stewart, 2014). 

Fermentation is a practice enshrined in human tradition, with studies such as that of 

(Chambers & Pretorius, 2010) indicating the practice as being evident in the 

3000B.C era. The uses of fermentation vary according to individual contexts and 

relevance, but a general depiction for the practice is that of increasing the 

consumption longevity, improving standards of quality (such as taste, aroma and 

other sensory properties), and reducing susceptibility to contamination by microbial 

species within the environment.  Chambers & Pretorius, (2010) add that fermentation 

may also be a value addition mechanism for food products, especially when 

considered in terms of improving standards of quality as well as increasing the 

various ways or designs to present and consume a product. The relevance of 

fermentation is further underscored by actions aimed at eliminating wastage or losses 

of food as indicated in the study by (Zilberman & Kim, 2011).  The fermentation 

functions as one way of utilizing excess food products or a solution towards 

preserving the suggested commodities for future utility (Zilberman & Kim, 2011). In 

the case of Urgwagwa, the role of alcoholic fermentation is seen as that of providing 
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an alternative utility domain for bananas, especially with regard to handling surplus 

stocks of the commodity. 

2.6 Traditional alcoholic beverage production in Africa 

Some of the most common and popular African alcoholic beverages are shown in 

Table 3. As it can be seen in the table, the most dominating fermentation substrate is 

often cereal-based. In general, banana beer production (even at traditional contexts) 

remains largely unexplored, with the exceptions of countries such as Rwanda where 

the industry shows greatest promise based on the availability of the raw material and 

consumption market. 

Table 2.3: Some traditional African beer 

Product Raw material Region 

Agadagidi Plantain Nigeria 

Borde Maize or wheat Ethiopia 

Chikokiyana Maize and millet South Africa/Zimbabwe 

Dolo Sorghum Togo/Bukinafaso 

Doro Sorghum Zimbabwe 

Ikigage Sorghum Rwanda/Burindi 

Kaffir beer Sorghum South Africa 

Merissa Sorghum and millet Sudan 

Palm wine Palm, trees West Africa 

Pito Sorghum Ghana/Togo 

Tchapelo Sorghum Ivory Coast 

Source: Shale et al., 2014 
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2.7 Sorghum as banana-based alcoholic beverage adjunct 

Sorghum is an ancient grain which contributes to the number of elite grains to supply 

about 85% of world’s food energy (Lindsay, 2010).  Sorghum is valued to both its 

grains and stalk. Sorghum is widely used in food production system and it’s known 

to be a rich source of macro and micronutrient which count 74.6 g/100g of 

carbohydrate, 11.3 g/100 g of protein, 350 mg/100g of potassium, iron, zinc and 

copper content as 2.24 mg/100g, 0.75mg/100g and 0.61mg/100g respectively 

(Lindsay, 2010).  Sorghum is used in production of different fermented food products 

particularly in traditional brewing where it is processed into sorghum beer throughout 

Africa (Lyumugabe, Uyisenga, Songa, & Thonart, 2014; Konfo et al., 2015). In 

banana-based alcoholic beverage context sorghum is added as source of flavor and 

colour (Munyanganizi, 1975; Wilson, 2012). 

2.8 Banana-based alcoholic beverages production 

Use of bananas as a primary ingredient in banana-based alcoholic beverage called 

Urwagwa  has largely been confined in rural and traditional contexts, hence the 

perception that it is largely a domestic production industry (Satav & Pethe, 2017). 

Urwagwa production uses traditional technology processing procedures which 

involve the use of spear grass (Imperata cylindrica) for juice extraction. Grilled 

ground sorghum flour is subsequently added to the extracted juice as adjunct to spur 

fermentation and also to impart colour and flavour to the product. Traditionally the 

mixture is approximately blended at a rate of 1kg of grilled ground sorghum flour 

and 10L of banana juice (Byarugaba-bazirake, 2008). Figure 2.5 shows a flow 

diagram of traditional urwagwa production process. Banana-based alcoholic 
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beverage quality depends to a great extent on the degree of dilution of the juice, 

amounts and quality of sorghum added as well as the conditions for fermentation.  

 

Figure 2.3: The General flow chart of traditional banana beer production 

source: Shale et al., 2014 

 

Normally, a banana-based beverage of 2 to 5% of ethanol is produced from diluted 

juice with the best flavor, bitter taste and golden color (Byarugaba-bazirake, 2008). 

According to Davies, (1993) a banana-based alcoholic beverage of 11-15% of 

alcohol is produced from undiluted juice. The main sugar in banana is glucose (19-

22% of total sugar), followed by fructose (12-17% of total sugar) and sucrose (62-

68% of total sugar) (Hammond et al.,1996).    

The various banana beers brands in existence around the East African region are 

often brewed as a mixture of composites that include sorghum and other cereals as 

well as other fruit juices and water as a diluting or clarifying agent (Mohapatra et al., 

2010). Rwanda’s Urwagwa combines Igikashi (bitter) and Kamaramasenge (Musa 

paradisiaca) sweeter banana varieties, indicating a plausible need to meet taste 

specificities within the suggested product (Anderson & Moo-Young, 2008). 

Similarly, some brewing regions within the country supplement the banana-based 
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alcoholic beverage with juices for improving taste and quality (Dieu et al., 2017). 

Satav & Pethe, (2017) indicate that the traditional brewing methodologies that 

emphasized the use of natural materials persist in modern brewing circles. Additives 

such as processed sugar and flavouring chemicals are often discouraged, alternatives 

such as natural honey, herbal mints, and spices being encouraged as flavouring. 

However, commercial production of banana-based alcoholic beverage  may require 

that the aforementioned additives be incorporated, as they aid in improving the 

efficacy of the production process (Karamura et al., 1998). Despite the envisioned 

changes in production style, current brewers and consumers of good banana 

generally agree that the product is derived from nearly-ripe (to ripe) bananas as the 

main substrate, the inclusion of cereal substrate(s) as a fermenting agent.  

Of all the banana spp cultivated in Rwanda, M. acuminate is the  predominant, hence 

a widely used banana species for banana-based alcoholic production (Brickell et al., 

2009). The suggested species has the Asiatic regions as its endemic domain, but has 

had success as a consumable plant within the East African region. Brickell et al., 

(2009) noted that there are various cultivars developed from the M. acuminate 

species that grow and are consumed in different regions around East Africa. The 

Mdidde cultivars (for instance Entundu) common in Rwanda, Burundi, and Uganda 

are generally unpalatable with bitter secretions making them only applicable in 

banana-based alcoholic beverage production (Karamura et al., 1998).  

2.9 Factors influencing the fermentation in alcoholic beverage production 

2.9.1 Juice clarification 

Juice clarification before fermentation by settling is an important step which helps 

the removal of high amounts solid materials and maintain desired fruitiness flavour 
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of substrate (Byarugaba-bazirake, 2008). High level of suspended solids was found to 

impact the fermentation through increasing hydrogen sulphide production (Amerine 

et al., 1980). Juice clarification involves also the removals of suspended colloidal 

sulphur materials, thus avoiding the problems of hydrogen sulphide production 

during fermentation (Ribéreau-Gayon & Glories, 2006). Due to high nutrient 

removal during clarification the optimum growth of yeast is undermined and may 

lead to stuck of fermentation.  The suspension of solids materials does not affect only 

the fermentation process but lead to haze formation which spoils the presentation of 

alcoholic beverages (Byarugaba-bazirake, 2008). Elimination of suspended solids 

materials in juice is the most crucial step prior fermentation which reduces the 

microbial load adhering on them.  

2.9.2 Free available nitrogen 

The presence of free available nitrogen is one of main factors that affects the 

fermentation and it has a strong relationship with ethanol produced (Picki-reix et al., 

1986). High concentration of free amino acids corresponds to high ethanol 

production (Picki-reix & Ryburgh, 1986). Nitrogen available is needed by yeast cell 

for both growth and glycolytic pathway enzyme synthesis among which permease is 

the first enzyme responsible for transportation of amino acids and sugars into the cell 

(Jiranek , Langridge, 1995). Low nitrogen is linked to low cellular activity as well as 

stuck of fermentation kinetics. According to Jiranek , Langridge, (1995) yeast 

assimilable nitrogen is normally in form of ammonium and amino acids. However 

yeast cell growth preferably in the substrate supplemented by ammonium compared 

to amino acids. In particular ammonium and amino acids are consumed within 24-48 
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hrs, which means that the fermentation of sugar in the late phase occur in the 

presence of nitrogen starvation (König et al., 2017). Amino acids such as glutamate 

and glutamine are excellently preferred by yeast for (Jiranek et al.,1993) 

The supplementation of nitrogen materials during fermentation is the best way yeasts 

obtain free assimilable nitrogen. Different authors have highlighted different 

concentrations of nitrogen in various substrates.  According to Sablayrolles et 

al.,(1996) the nitrogen concentration in grape  must ranges from 60 to 400 mg/L. As 

the fermentation taking place the nitrogen concentration start to decrease and yeast 

cell would require the nitrogen supplementation for optimum growth. (Ribéreau-

Gayon & Glories, 2006) reported an increase in fermentation rate with an increase of 

nitrogen supplementation (with diammonium phosphate and /or amino acids) of 800-

2000 mg/L.    

2.9.3 Juice composition 

Normally fruit juice prepared for alcoholic beverage contains most of all nutrients 

required to fuel fermentation by fermenting microorganisms. However different 

procedures of juice preparation which include pressing  may affect the composition 

of various fruit juices which may lead to higher phenol and tannin concentration, low 

acidity, higher pH as well as higher concentration of polysaccharides (Byarugaba-

bazirake, 2008).  Pressed juices prove to have higher levels of oxidative enzymes due 

to higher to the solids content (Byarugaba-bazirake, 2008). Nitrogen deficiency in 

juice composition is one of limiting factor that may lead stuck fermentation. Sugar 

concentration in fruit juice has also reported as a factor that influences the growth of 

yeast especially in lag-phase.  The most optimum growth seemed to happen between 

15 to 20 
o
Brix (Byarugaba-bazirake, 2008).  Fruits juice with low sugar concentration 



 

22 

 

have been shown to result to fast and complete fermentation while those  high in 

sugar concentration inhibit fermentation due to high osmotic pressure which pull out 

the water from yeast cells (König et al., 2017).   

2.9.4 Acidity and pH 

The pH levels are an essential component in the fermentation process as they have an 

impact on the quality of the fermenting process as well as outcome of products 

following the process. Studies testing osmo-tolerance thresholds yeast species 

indicate point to requisite pH values (between4.5-5.5) as being necessary for 

effective fermenting activity by yeast (Rosa, 2005). Other studies have also measured 

the effects of varying pH levels with key results indicating an increase in pH lowers 

sucrose metabolism, hence a reduction in the fluidity of the fermenting process 

(Kudo et al., 1998). The aforementioned studies underscore the relevance of 

investigations to ascertain pH during the fermenting process. Testing may be 

conducted through the isolation of a sample in which an indicator is introduced to 

verify pH levels. Changes in pH levels during the fermentation process also emerge 

as an important factor within the context of banana beer quality and yield. As such, 

the pH decreases with consequent increase in titratable acidity and ethanol. However, 

studies indicate that different substrate matters exhibit unique variations in pH 

changes, which could be suitable in determining different fermenting qualities of 

substrates added to banana juice for alcoholic beverage brewing purposes (Tropea et 

al., 2016). Hydrogen ion concentration has a significant influence on industrial 

fermentation due to its importance in controlling bacterial contamination which can 

have an effect on yeast growth, fermentation rates and by-product formation (Rangel 

& Tóth, 1998). The best ethanol yields are generally obtained at pH 4.5-4.7 and at 
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higher pH, more glycerol and organic acids are formed at the expense of ethanol 

(Lewis & Young, 2001). Under fermentation conditions, the intracellular pH of S. 

cerevisiae is usually maintained between 5.5 and 5.75 when the external pH is 3.0 or 

between 5.9 and 6.75 when the external pH is varied between 6.0 and 10.0 (Lewis & 

Young, 2001). As, the gap between the extracellular pH and the intracellular pH 

widens, greater stress is placed on the cells and more energy is expended to maintain 

the intracellular pH within the range that permits growth and survival of the yeast 

(Pascal Ribereau-Gayon, Denis Dubourdieu, 2006). 

This increased conversion is independent of the presence of nutrient supplements in 

the medium (Campbell, 1999). If the pH is adjusted to 7 or above, acetic acid is 

produced from acetaldehyde due to the increased activity of aldehyde dehydrogenase 

due to glycerol production which inhibits ethanol fermentation (Lewis & Young, 

2001) 

2.9.5 Temperature 

Temperature changes during the fermentation process have a drastic effect on the 

activity of microorganisms as well as the quality of product following the 

culmination of the brewing process.  The fermentation temperature affect yeast cells 

growth, fermentation and metabolism process. According to Zhu, (2013) the 

fermentation temperature can regulate the gene expression of aroma compounds 

metabolism. Fermentation temperature has been used also to differentiate yeast for 

fermentation purpose. For lager fermentation, yeast the optimum temperature 

averages from 8 to 15 
o
C while the optimum temperature for ale fermentation yeast 

ranges from 15 to 22 
o
C  (Stewart, 2014, Nachel, 2008). However most brewery 
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yeast is grown at optimum fermentation temperature between 22 
o
C (71.6

o
F) to 27

o
C 

(80.6
 o

F) (Schanderl, 1959). Margalit, (1997) reported that fermentation can take 

place at 5
o
C to 38

o
C because below and above that temperature range may led to 

enzymes dysfunction. It is advised to not allow fermentation temperature to exceed 

33
o
C as it may stop fermentation. The fermentation temperature may affect the 

fermentation rate by which a warm fermentation (25 to 30
o
C) may lead to the 

completion of fermentation within four to six days while cool to dry fermentation 

(about 8 to 10 
o
C) may take up to three to four weeks (Margalit, 1997).  

2.9.6 Sulphur dioxide 

Substrate for alcoholic beverage production is a favourable media for both desirable 

and undesirable source of microorganism, hence the addition of Sulphur dioxide 

(SO2) at the beginning of fermentation to limit the propagation of undesirable 

microorganisms ( yeast, lactic acid bacteria, to lesser extent acetic acid bacteria). 

Although sulphur SO2 is highly toxic to bacteria and moulds and indigenous yeast, 

commercial yeast strain are selected to have a higher tolerance to SO2 (Ribereau-

Gayon, Pascal, Denis Dubourdieu, Bernard Doneche, 2006). The supplementation of 

(20 to 30 mg/L) of sulphur before fermentation is known to slow fermentation but; 

eventually it complete fermentation rapidly (Ribereau-Gayon, Pascal, Denis 

Dubourdieu, Bernard Doneche, 2006). 

2.9.7  Aeration 

Even though the fermentation process is carried out in anaerobic condition the 

introduction of oxygen in fermentation substrate prior to fermentation impact on 

vigor of yeast performance (Margalit, 1997). Under fermentation conditions yeast 
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does not require oxygen for energy production but for efficient growth a significant 

amount of oxygen is required (Ribéreau-Gayon, 1999).  According to (Sablayrolles et 

al., 1996) an average of 5 to 10 mg/L of oxygen is required for optimum yeast 

growth. The decrease in oxygen availability prior fermentation may results to 

decrease in biomass production and glycolysis rate because of inhibition of fatty 

acids and sterol synthesis in yeast cell. 

2.9.8 Ethanol and carbon dioxide 

Ethanol and carbon dioxide are main fermentation end products from simple sugar. 

Ethanol itself is one of an inhibiting effect that increasing the stress condition to 

yeast cell (Pascal Ribereau-Gayon, Denis Dubourdieu, 2006). According to 

Margalit,(1997), a slight inhibition of yeast growth by ethanol is started at the 

concentration of 2% (v/v) and full inhibition happens at 16-17% (v/v)  while on the 

other hand, yeast growth starts slowing at the concentration of 3-4 % (v/v) of ethanol  

and ceases at 8 to 15% (v/v)  based on yeast strains (Alexandre & Charpentier, 1998). 

Compared to ethanol, carbon dioxide effect on alcoholic fermentation is less 

considered and it is not preventing yeast growth. Although the carbon dioxide 

content of 15 g/L was found to result to yeast growth stoppage (Amerine et al.,1980).   

2.9.9 Minerals 

Minerals are important factors for yeast growth and alcoholic fermentation. For 

normal alcoholic fermentation minerals such as potassium, magnesium, manganese, 

zinc and cobalt are required for optimum fermentation (Ferreira, 2004). Normally 

bananas are rich source of minerals that ensure a satisfactory of fermentation. 

Minerals concentration in bananas can however vary depending on growing 
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environment, location on the bunch, as well as soil nutrient content (IITA, 1993). For 

example a deficiency in zinc and magnesium in fermentation substrate may directly 

affect sugar metabolism (Ferreira, 2004).  The presence of magnesium in substrate 

was found to involve in stabilization of nucleic acid, proteins, polysaccharides and  

plays a key role in cell growth and proliferation (Walker, 1994).  Kudo et al.,(1998) 

have reported the important role played by potassium in early fermentation of 

fermenting substrate through acceleration of glucose consumption by yeast. In 

addition, potassium which is found in high concentration in banana plays a key role 

in pH tolerance by Saccharomyces (Asli, 2010). Potassium deficiency may lead to 

the reduction of fermentation capacity of individual yeast cells or fermentation 

capacity of culture through the loss of yeast cell viability (Ferreira, 2004). 

2.9.10 Sugar levels 

The fermentation process is characterized by the conversion of simple sugars 

(glucose, fructose, and sucrose) into ethanol. As such, assessing the availability of 

sugars in comparison to expected yields and properties of the product are essential 

(Stewart, 2014). The initial sugar concentration is the main parameter which drives 

the fermentation process. This parameter is highly dependent upon the fermenting 

substrate. During the  fermentation process, the uptake of fermentable sugars by 

yeast is an ordered process by which glucose and fructose are consumed first, with 

any sucrose present being hydrolysed extracellularly by β-fructosidase (invertase)  

secreted by yeast (Stewart, 2014).  As wort is an aqueous mixture of high 

fermentable sugar, wort density is usually measured as a fermentation progress 

indicator (Stewart, 2014). The decline in density observed in fermentation process is 

directly related to sugar consumption and subsequent ethanol production. On another 
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hand the concentration of sugar in wort is expressed in degree Brix which equivalent 

to 1 gram of sucrose in 100 grams of solution and represents the strength of the 

solution as percentage by weight (Wilson, 2012).  

 Changes in sugar levels are also essential in determining the microbial properties of 

organism involved in fermentation. For instance, a slow decline in sugar levels may 

be an indicator of poor fermentation qualities by microorganisms based on low 

population numbers or impeded metabolic functionality (Pascal Ribereau-Gayon, 

Dubourdieu, 2006). 

2.10 Microorganisms associated with banana-based alcoholic beverage 

production 

Microorganisms are involved in chemical and physical changes that occur during 

banana-based alcoholic beverage production and are equally important for the 

sensory characteristics of the end-product. Shale et al. (2014) reported that the 

chemical composition (including sugars) of banana as a substrate for beer production 

makes it a suitable material for different microbial species.  Munyanganizi,  (1983) 

reported 82% of yeast strains which belongs to 4 genera: Hansenula, Kluyveromyces, 

Pichia and saccharomyces in banana juice and banana wine.  Saccharomyces 

cerevisiae and saccharomyces italicus species constituted 54% and 21% respectively 

of saccharomyces genera and they are the main species fuelling fermentation of Kivu 

banana wine. Although yeasts are main primers of alcoholic fermentation, there are 

other microbial groups such as acetic acid bacteria, lactic acid bacteria and moulds 

implicated in the fermentation process.   
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2.10.1 Yeasts  

Generally yeasts are ubiquitous unicellular microorganisms whose existence in 

environment is highly dependent on physiological adaptability (Rosa, 2005). For 

optimum growth yeast require a simple media containing a fermentable carbohydrate,  

to supply adequate nitrogen for protein synthesis, minerals salts  and some growth 

factors  (Campbell, 1999).  Yeasts are normally recognized as non-pathogenic and 

they as have been exploited by humankind since the beginning of Neolithic period 

around 8000 years BC (König et al., 2017).  Yeasts are recognized because of their 

importance in fermentation process where they convert sugar to alcohol, carbon 

dioxide and other compounds which influence alcoholic beverage flavor (Stewart, 

2014).  According to Stewart, (2014), all yeast strains used in fermentation belong to 

the genus saccharomyces and cerevisiae species. Saccharomyces species have a 

numbers of unique traits that make them different from other yeast species. In fact 

majority of yeast species which belong to saccharomyces genera can survive without 

oxygen (using fermentation process), but other yeast species do not have this ability 

(Labagnara, 2009).  However based on industrial brewing purpose yeast are 

classified into ale yeast (saccharomyces cerevisiae) and lager yeast (S. 

carlsbergensis). Ale yeast operate at room temperature (18-22 
o
C), ferment quickly 

and produce fruitiness characteristics while lager yeast works at cold temperature (8-

15
 o

C) (Stewart, 2014).   Up to 15 species have been reported to be involved in 

alcoholic fermentation (Ribereau-Gayon et al., 2006). Saccharomyces cerevisiae are 

primary microorganisms that are responsible for conversion of sugar to alcohol in 

fermentation  process but other yeast have been reported to contribute to aroma and 

flavour profile of beer (Hutkins, 2006). Some of these native yeast include 
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Hanseniaspora (anamorph: Kloekera apiculate), Metschnikowia pulcherrima 

(anamorph: Candida pulcherrima) and candida stellata. Candida, Hansenula, 

Pichia, Hanseniaspora, Rhodotorula, T. delbrueckii, K. gamospora are recognized as 

higher producers of esters compound (König et al., 2017).  Although the 

aforementioned species have been reported to contribute to wine profile flavour, their 

evaluation in fermentation have been found to reduce ethanol content of wine. Some 

yeast such brettanomyces, zygosaccharomysces bailii, Hanseniaspora uvarum, 

Kloeckera apiculata and Candida krusei have been reported to contribute to high 

acetic acid production  (König et al., 2017).  

2.10.2 Acetic acid bacteria 

Acetic acid bacteria (AAB) are a group of microorganisms featured in sugar-rich and 

alcohol-rich environments. Acetic acid bacteria are subdivided into Acetobacter and 

Gluconobacter genera and they comprise an important industrial group of Gram-

negative bacteria capable of converting ethanol to acetic acid. According to 

(Campbell, 1999) the family of acetarobacteraceae has a unique characteristics of 

oxidizing alcohol and glycerol to acetic acid and glycose to gluconic acid. 

 

 The metabolic activity and optimum growth of AAB are enhanced by the presence 

of oxygen at pH of 5.5-6.3 and the temperature of 25-30 
o
C but majority of strains 

are able to multiply at low acidic environment of pH 3.5 (Ribereau-Gayon et al., 

2006). This feature has made acetic acid bacteria to be useful in biotechnological 

application such as ascorbic acid and cellulose production. In food industry, AAB are 

used in production of several beverages and food such as cocoa, kombucha, vinegar 

and other fermented beverages (Sigmon, 2003). Although the acetic acid bacteria are 



 

30 

 

completely inhibited by ethanol concentration higher than 6% v/v,  there are strains 

such as Acetobacter spp.BSO5 and Gluconobacter oxydans subsp. oxydans strain 

NCIB9013 that are able to survive 12-13% v/v of ethanol produced from high gravity 

brews (Campbell, 1999).  However presence of acetic acid bacteria activity leads to 

the spoilage of foods including soft drinks, fruits, wine, and beer. 

2.10.3 Lactic acid bacteria 

Lactic acid bacteria (Bacterium lactis) (LAB) are characterized by production of 

lactic acid as major catabolic end product from glucose. Lactic acid bacteria have 

been used by human as starter culture in food fermentation for more than 5000 years 

(König et al., 2017). Lactic acid bacteria are divided into obligate homofermentative 

strains like Pediococcus and lactobacillus which produce lactic acid as sole end 

product while wine-related obligate heterofermentative LAB strains like 

Leuconostoc, Oeconostoc, and Weissella produce lactic acid, CO2, ethanol and 

acetate from glucose. Most lactic acid bacteria featured in alcoholic fermentation 

belong to the genera of Lactobacillus, Leuconostoc, Oenococcus and Pediococcus 

(Ribereau-Gayon et al., 2006).  

Some of LAB play an important role in food preservation by preventing food 

spoilage and growth of pathogenic microorganisms because of acidification (König 

et al., 2017). Wilson, (2012) reported the presence of a high number of lactic acid 

bacteria (4.12 x 10
13

cfu/ml) in urwagwa which shows that the spontaneous 

fermentation procedures mixture of alcoholic and lactic acid products. Lactic acid 

bacteria are most desirable for their role in malolactic fermentation during 

fermentation but the can produce several off-flavours in wine. While other 
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microorganisms are inhibited by the concentration of above 4% v/v of ethanol, some 

LAB species can grow at higher ethanol concentration (König et al., 2017). 

2.11 Yeast identification and characterization 

Identification of yeast is based on physiological and molecular approaches for 

species identification. According to Dilip, Berka, & Singh, (2002), a major challenge 

affecting such research studies is the need to undertake identification procedures 

amidst confined parameters on rapidity and efficiency. As such, a holistic approach 

that includes both physiological and molecular approaches may be convenient, but 

the latter emerges as the most convenient in such study contexts. 

2.11.1 Morphological identification of yeast 

Morphology is an essential tool in classification and identification of yeast which 

includes the description of shape, size and internal structures of individual yeast cells 

(George, 1955). Colony characterizations of yeast are based on appearance of yeast 

growth visible to naked eye such as texture, elevation, margin, and colony color.  

According George, (1955), yeast cells and its structural parts are described as tri-

dimensional objects such as sphere, eggshaped, oliveshaped, globe, cylindrical or as 

two-dimensional  like bottle shape, circular, triangular and elliptical as they appear 

when viewed through a microscope. Saccharomyces cerevisiae which are most 

domesticated yeast, appear as eggshaped, elliptical and occasionally spherical under 

the microscope. Other yeast species of genus Torulopsis (Torula) form a perfect 

spheres; saccharomyces ellipsoideus (a variant of S.cerevisiae), saccharomyces 

pastorianus and Schizosaccharomyces species are usually more cylindrical shaped 

cells (George, 1955).    



 

32 

 

 Based on macroscopic characterization yeasts that belong to saccharomyces genera 

are generally flat, smooth, moist, glistening or dull, and cream to tannish cream 

color, Endomyces spp are large white colonies while , candida spp are flat, smooth 

and large colonies (Omar-Zahid, 2013). On other hand, the morphology of 

S.cerevisiae is evidenced by circular colony and a variable color from cream to 

green. Generally most of  yeast colony has an umbonate elevation (Labagnara, 2009).  

2.11.2 Molecular identification of yeast 

The identification of specific bacterial or fungal species, including yeasts has 

developed greatly as the techniques based on DNA analyses have become available. 

Molecular identification of indigenous yeast especially saccharomyces cerevisiae 

strains is an important step towards a better conservation and employment of 

microbial diversity. Utilization of selected indigenous yeast involved in fermentation 

would be a powerful tool to enhance organoleptic and sensory property of alcoholic 

beverage. Different molecular techniques have been used for more reliable 

taxonomic studies. A variety of techniques have been successfully applied to identify 

yeast species involved in fermentation, including the qPCR, restriction fragment 

length polymorphism (RFLP) analysis, random amplified polymorphic DNA 

(RAPD) analysis, multiplex reverse transcription PCR (RT-PCR), and Single 

Nucleotide Polymorphisms (SNPs)  (Barbosa et al., 2015).  

The genome of Saccharomyces  

Generally Saccharomyces cerevisiae has a relatively small genome, a large numbers 

of chromosomes, little repetitive DNA and few introns. Some haploid strains contain 

12-13 megabases of nuclear DNA distributed along 16 linear chromosomes whose 

sizes vary from 250 to 2000 kb. Mitotic crossing over and gene conversion promotes 
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a faster adaptation to environmental changes than spontaneous mutations, which 

occur at comparatively very low rates. Each strain displays specific phenotypic traits. 

It is largely demonstrated that wine yeasts have a high level of chromosomal length 

polymorphism. The comparison of ribosomal RNA (rRNA) and its template, 

generally, allow to differentiate yeast taxonomy based on ribosomal DNA (rDNA) 

and this technique has been used extensively in recent years. It allows finding the 

relationships among many yeast species identification. Some of these molecular 

technologies are based on sequence analysis; one of the first was the amplification of 

the 26S rDNA D1/D2 domain. However, these methods now are impractical for the 

routine screening concerning the identification of yeast isolates (Stielow et al., 2015).  

According to Esteve-Zarzoso et al.,(1999)  the amplification and restriction analysis 

of non-coding internal transcribed spacers region (ITS) and 5.8 SrRNA gene was 

found to be the most rapid identification method allowing the identification of more 

than 300 yeast species including Saccharomyces sensu stricto group (S.cerevisiae, 

S.bayanus, S.pastorianus, S.paradoxus, S.mikatae, S.kudriavzevii and S.carianus). 

Internal transcribed spacer (ITS) as fungal barcode 

 As mentioned before yeast are taxonomically classified and identified based on parts 

of DNA region such as sections of nuclear ribosomal RNA large subunit (D1-D2 

domains of 26/28S), Based on the strength, impact and its higher taxonomic 

resolution, the rDNA ITS was suctioned as universal fungal DANA barcode (Stielow 

et al., 2015). Fungal internal transcribed spacers (ITS) region varies roughly, with 

some exception approximately between 450 and 750 base pairs in length and consists 

of three subregions including variable spacers ITS1 and ITS2 and intercalary 5.8 

gene (Blaalid et al., 2013). While the 5.8S gene is highly conserved, the ITS1 and 



 

34 

 

ITS2 spacers normally provide resolution at a within- genus and often within-species 

level. Although the ITS region has been selected as the fungal DNA barcode, it lacks 

the necessary resolution in some groups of fungi (Blaalid et al., 2013). Different 

universal primers are used to identify yeast species in wine fermentation  by 

amplification rDNA repeat unit that include 5.8SrRNA gene with two non-coding 

region, but the analysis of ITS region of yeast isolates was found to be successfully 

amplified by ITS1-ITS4 primers.  In fact PCR products showed different size which 

means the presence of diverse yeast in wine fermentation and the amplified ITS 

fragments length varied from 400bp in Candida and Metschnikowia to 850 bp in 

Saccharomyces (Labagnara, 2009). 

On the other hand, the ITS1 and ITS2 in Saccharomyces cerevisiae is spanning 

361and 232bp long respectively, while in Saccharomyces pombe corresponds to 412-

420 bp and 300 bp (Korabecna, 2007). Specific primers to amplify ITS region in 

genomic DNA of fungal community including yeast involved fermentation have been 

validated among which ITS1F-ITS2 and ITS3-ITS4 resulted into the best resolution 

with 484 and 850 bp of amplicons respectively (Op De Beeck et al., 2014).  A  study 

done by (Op De Beeck et al., 2014) using the PCR-ITS technique has identified 

different yeast species  by using the primers that included ITS 3:5’-TCC GTA GGT 

GAA CCT GCC G-3’ and ITS 4:5’-TCC TCC GCT TAT TGA TAT GC-3’ as being 

commonly used.  
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3 CHAPTER THREE 

MATERALS AND METHODS 

3.1 Research Design  

The study was used a completely randomized design to determine the proximate 

composition of the banana juice-sorghum composite mixture used in production of 

Urwagwa, determination of physical and chemical changes during the suggested 

fermentation process and specific yeast involved in the fermentation of banana-based 

alcoholic beverage called Urwagwa. The research approach was included collecting 

unripened banana from farmers and making ripen, juice squeezing, determination of 

the proximate composition of the banana-sorghum composite mixture and effect of 

ground grilled sorghum vulgaris sp concentration on physico-chemical change during 

a fermentation process and finally, there was an isolation and identification of 

indigenous yeast involved in the fermentation process. 

3.2 Collection and ripening of banana for beer production 

Four physiologically mature banana cultivars namely: Kayinja (Musa genus), Indaya, 

Intuntu or Igikashi musa groups (AA, AB, AAA, AAB, ABB) and Poyo musa robusta 

(AAA group), in which Intuntu represented 67 percent were collected from a local 

market around Rugende in Gasabo District of Rwanda and transported in plastic 

crates under normal conditions to Centre de Formations et des Recherches pour le 

Développement des Technologies Appropriées (CFRDTA) for experimentation.  

 

The bananas were placed in plastic container and covered by spear grass (Imperata 

cylindirica) and green banana leaves in order to ensure the warm conditions and 

promote ethylene production and accumulation necessary for ripening. The bananas 

took 6 days to ripen indicated by their change in peel colour to yellow and softening 
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3.3 Juice extraction 

Ripe bananas (musa acuminata) were peeled manually by hand. Juice extraction was 

mechanically done by mixing 69 kg of peeled banana with 6.9 kg of special grass 

(Imperata cylindirica) which had been previously washed and dried in order to 

remove dust and other miscellaneous materials that could contaminate the beverage. 

The banana juice extraction, which was aided by Imperata cylindirica, was achieved 

by use of a fabricated juice extracting machine. The juice was filtered using a plastic 

sieve and the remaining juice in banana-grass pulp was exhausted by pressing using a 

fabricated juice extracting machine pressor. 

3.4 Determination of composition of banana juice-sorghum composites 

mixture 

3.4.1 Banana juice-sorghum combinations used in Urwagwa production  

The obtained banana juice was pasteurized at 90
o
C for 30 minutes to prevent 

premature fermentation caused by indigenous yeast and lactic acid bacteria and other 

contaminating microorganisms. Lightly roasted sorghum vulgaris sp, often red 

sorghum in ground form is commonly used in the production of banana beer in 

Rwanda as an adjunct where it is thought to contribute to the flavour and colour of 

the finished product (Munyanganizi,1975;Wilson, 2012). Different proportions of 

sorghum were mixed with a constant amount of extracted banana juice as shown in 

(Table 3.1). The sorghum vulgaris sp used in this study which was previously 

washed, dried, lightly roasted and ground for urwagwa production was bought from 

Kimironko market in Rwanda. 
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Table 0.1: Banana juice-sorghum combinations used in the production of Urwagwa 

through spontaneous fermentation. 

Banana juice (l)  Sorghum (w/v) 

3 0 

3 2 

3 5 

3 7 

3 10 

3 15 

 

3.4.2 Determination of initial pH of banana juice and banana juice-sorghum 

mixture 

The pH of banana juice and banana juice-sorghum composite mixture before 

fermentation was evaluated with pH meter (PB-11Sortorius, Germany) at 25
o
C.  A 

volume of 20 ml was taken and the measurement of each sample was done after 

calibration of pH-meter with a buffer (4-7). 

3.4.3 Determination of protein content in banana juice-sorghum mixture 

before fermentation  

The protein content of banana juice-sorghum mixture was determined on the basis of 

total nitrogen content by using auto titration Kjeltec models 2300 (Denmark). A 

representative sample of 0.4g of each of the composite mixture was weighted into 

100 ml labelled digestion tubes by use of an electronic balance (Sortorius CPA3245). 

One Kjeltabs Cu 3.5 tablet of catalyst and 6 ml of concentrated H2SO4 were added to 

each digestion tube. The samples were heated at 420°C for 2 hours and after 

digestion, they were cooled to room temperature (25°C).  After cooling the tubes 

containing the samples were transferred into distillation unit (Foss 2300 Kjeltec) and 
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protein percentage determined according to the Kjeltec machine manufacturer’s 

instructions where mass of each sample was entered in the Kjeltec system and the 

protein was reported as percentage and calculated according to the formula by 

(Muriro,2017). On the basis of early determinations, the average nitrogen (N) content 

of proteins was found to be about 16 percent, which led to use of the calculation N x 

6.25 (1/0.16 = 6.25) to convert nitrogen content into protein content. The following 

equation was used in the calculation of protein content in the samples.  

% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 =
(𝑇 − 𝐵) ∗ 𝑁 ∗ 14.007 ∗ 100

𝑊(𝑚𝑔)
 

% 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 = % 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 ∗ 𝐹 

Where; 

T = Titration volume for sample (ml) 

B = Titration volume for blank (ml) 

F = Conversion factor for nitrogen to protein 

W = Weight of the sample (mg) 

3.4.4 Determination of total soluble solids (TSS) in banana juice-sorghum 

mixture before fermentation 

Total soluble solids of the banana juice and banana juice-sorghum were determined 

as °Brix according to Serpen, (2012) with some modification by which hand held 

optical refractometer was replaced by A.Kruss Optronic refractometer GmbDR6100 

(Germany) which gives a direct reading of 
o
Brix, or relative sugar concentration. The 

refractometer was cleaned using distilled water before sample analysis. Distilled 

water was used as control in this experiment (0°Brix). The amount of sugar in the 

sample was directly read from the refractometer. 
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3.5 Fermentation of banana juice and banana juice-sorghum mixtures  

The fermentation was carried out in six fermenters of 3 litres each. One fermenter, 

with no added sorghum (banana juice only) served as the control.  The experiment 

was carried out in triplicates. The content in fermenters was left to ferment 

spontaneously at room temperature (25
o
C) for 6 days. The whole production process, 

from ripening of the bananas to final fermented alcoholic product took 13 days. 

3.5.1 Monitoring of the fermentation process 

During fermentation 100 ml of samples was collected, in sterile bottles from each 

fermenter after every 24 hours for 6 days to determine various physico-chemical 

parameters (pH, titratable acidity, ethanol accumulation and sugar). After collection 

the samples were pasteurized at 60
o
C for 15 minutes to end fermentation after which 

they were stored at 4
o
C in the refrigerator before analysis. 

3.5.2 Determination of ethanol content 

Test for ethanol content was conducted using WineScan™ SO2 (Denmark) from the 

beginning to the end of the fermentation process. A sample of 100 ml of sample to be 

analysed was filtered by using Whatman filters of 11μm size and 20 ml of filtrate 

transferred into vials from where they were sucked by the column of WineScan™ 

SO2 for analysis. Before analysing each sample, there was auto-cleaning of 

WineScan™ SO2 through zero setting the machine according to the manufacturer’s 

instructions. 

3.5.3 Determination of total soluble solids (TSS) 

Total soluble solids of urwagwa were determined as described for banana juice-

sorghum composite mixture above. 
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3.5.4 Determination of pH  

The pH of the whole fermentation process was evaluated as aforementioned for 

banana juice and banana juice-sorghum combination before fermentation. 

3.5.5 Determination of titratable acidity 

The titratable acidity, expressed in percent of lactic acid, was determined by the 

titrimetric method according to (Association of Official Analytical Chemist[AOAC], 

2005). A 5ml subsample from the 100 ml sample was used for titration after 

decarbonating by shaking. The sample was diluted twice with distilled water (10 ml) 

which was previously brought to boil at 90
o
C and cooled at room temperature 

(25°C). Three drops of 1% phenolphthalein indicator was added to the sample in a 

conical flask and titrated with 0.0909M NaOH to a persistent faint pink colour 

compared against a white background. The titre volume was noted and used for 

calculations of the amount of total titratable acidity as percentage of lactic acid using 

the equation below. 

% 𝑙𝑎𝑐𝑡𝑖𝑐 𝑎𝑐𝑖𝑑 =
𝑚𝑙 𝑜𝑓 0.0909𝑀 𝑁𝑎𝑂𝐻 ∗ 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑁𝑎𝑂𝐻 ∗ 𝑀𝑊 𝑜𝑓 𝑎𝑐𝑖𝑑

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 ∗ 10
 

Where MW = molecular weight 

3.6 Isolation and identification of indigenous yeast species involved in 

fermentation of urwagwa  

3.6.1 Isolation of indigenous yeast involved in fermentation of Urwagwa 

3.6.1.1 Sampling for yeast isolation 

One hundred millilitres of urwagwa were collected aseptically in 300 ml in sterile 

bottles from each fermentation plastic containers. A maximum of nine samples, from 

six fermenters and three from traditional brewers were collected. All samples were 

stored at 4
o
C in the refrigerator until use.  
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3.6.1.2 Isolation of indigenous yeast from urwagwa samples 

The indigenous yeasts from collected samples were isolated at the end of 

fermentation process according to Koulougliotis & Eriotou, (2016) methodology 

with some modification whereby  yeast extract peptone dextrose agar was replaced 

by yeast extract agar . Five tenfold dilution (10
-1

 to 10
-5

) of the samples was carried 

out using peptone buffer as the diluent. An aliquot of 100 μl from each dilution was 

spread plated onto Yeast Extract Agar plates (3% yeast extract, 5% peptone and 15% 

agar) supplemented by chloramphenicol (50g/ml) (Oxoid England) previously 

prepared according to manufactures instructions. The plates were incubated at 25° C 

for 5 days. At the end of the incubation period, the plates were kept at 4° C followed 

by purification through three repetitive streaking on potato dextrose agar medium 

plates previously prepared according to manufacturer’s instruction. The plates were 

incubated at 25
o
C for additional periods of 5 days and one pure colony from each 

plate  was sub-cultured into 9 ml of MRS broth (10.00 g/L proteose peptone, 

10.00g/L beef extract, 5.00 g/L yeast extract, 20.00g/L dextrose, 1.00 g/L 

polysorbate80, 2.00 g/L ammonium citrate, 5.00 g/L sodium acetate, 0.10 g/L 

magnesium sulphate, 0.05 g/L manganese sulphate, 2.00 g/L dipotassium phosphate) 

at final pH of 6.5±0.2 HiMedia laboratories Pvt. Ltd. India. 

3.6.1.3 Morphological identification of yeast 

Isolated yeast colonies and were identified and characterized based on colony 

features such as colony color, elevation, form, texture and under microscopic 

examination. The shape of the yeast cell and its structural parts were alternatively 

described according to George, (1955).  
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3.6.2 Molecular identification of indigenous yeast involved in fermentation of 

Urwagwa 

3.6.2.1 DNA extraction 

Yeasts isolates grown in MRS broth were transferred to an Eppendorf tubes and 

centrifuged for 10 min at 13000 rpm using Thermofisher Scientific centrifuge (model 

41930819, Germany) and obtained pellets were washed by re-suspension the cells 

into equal volume of TE buffer and centrifuged for 5 minutes at 13000 rpm and the 

supernatant were discarded.  

 

Approximately 50-100mg of the pellets was used for DNA extraction from each 

sample. The DNA was extracted in duplicate using Quick-DNA™ Fungal/Bacterial 

Miniprep Kit according to manufacturer’s instructions (Zymo Research Corp, 

USA).This resulted in duplicate for each of nine samples and the DNA was stored -

20 
o
C. 

3.6.2.2 DNA amplification 

Total genomic DNA sample was used to amplify ITS1-5.8S RNA-ITS2 gene by 

Applied Biosystems by life technology (Proflex™ base PCR system, Singapore). An 

internal transcribed spacer was amplified by two set of universal primers synthesised 

by Inquaba Biotec East Africa ITS1-F (5-CTTGGTCATTTAGAGGAAGTAA-3) 

and ITS2 (5-GCTGCGTTCTTCATCGATGC-3) and ITS3 (5-

TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-TCCTCCGCTTATTGATATGC-3) 

(Op De Beeck et al., 2014) under the following conditions: Initial denaturation for 

the first pair of primer was set at 95°C for 5 minutes while the second one the initial 

denaturation time was 2 minutes and remaining conditions were the same. The above 

conditions were followed by 40 cycles of denaturation at 95°C for 30 seconds, 
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annealing at 55°C for 1minute and final extension phase was performed at 72°C for 

10 minutes. The reactions were carried out in 50 µl volumes and each reaction was 

contained 25 µl Thermo Scientific PCR Master mix 2x for 200rxns of 0.05u/µl Taq 

DNA polymerase, reaction buffer, 4mM MgCl2, 0.4mM of each dNTP (dATP, dCTP, 

dGTP and dTTP) 0.5 µl forward and reverse primers of 10 µm/µl, 1µl of template 

and 23 µl of nuclease free water and the amplification was confirmed by running the 

gel electrophoresis. 

3.6.2.3 Agarose gel electrophoresis 

Electrophoresis of PCR products was done on agarose gel. It was made by melting 

the agarose 2% (w/v) in the presence of 2x TAE buffer supplemented by 5 µl 

fluorescence dyes (truegel) and the mixture was brought to boil in a microwave for 2 

min in order to dissolve completely agarose powder. The agarose was then allowed 

to cool to about 55
o
C, and poured into a gel chamber. Combs were inserted and the 

gel was allowed to polymerise. The gel was then submerged into electrophoresis 

buffer tank, after removing the combs, wells flashed with buffer and samples loaded. 

The samples were mixed with dye prior to load into wells.  A 1kb ladder was loaded 

along the samples as DNA molecular size marker. The power of 75 voltage of an 

electric current was then applied for 45 minutes and samples allowed to migrate until 

the dye front was near the end of the gel and the gel was subjected to UV 

transillumination for imaging using UVITEC (Made in France). The bands were 

visualized by fluorescence dye staining (Sambrook and Russel, 2001).  
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3.6.2.4 Purification of PCR products 

The PCR products were purified using QIAquick PCR purification kit (Quiagen, 

Germany) according to manufacturer’s instructions. 

3.6.2.5  Sequencing and phylogenetic analysis 

The PCR products from the amplification of ITS region of yeast isolates after 

purification was sent to a commercial sequencing provider (Macrogen Netherland). 

In this case dye-terminator (Sanger sequencing) technique was used. The obtained 

sequences in FASTA format were compared to the sequence deposited in GenBank 

DNA database by using Basic Alignment Search tool (BLAST) on the National 

Center for Biotechnology (NCBI) (https://www.ncbi.nlm.nih.gov) and those with 

high similarity were retrieved.  Alignment of sequences obtained for isolates and 

reference sequences retrieved from database was done by using CLUSTAL W 

software. To show the evolutionary relationships of these taxa, the evolutionary 

history was inferred using the Neighbour-joining Parsimony (Tamura et al.,2013). 

The ITS1-5.8rDNA-ITS2 gene sequences of isolates and their closest Saccharomyces 

cerevisiae strains were aligned and phylogenetic trees were generated through 

neighbour-joining statistical method using Bootstrap method for the test of 

phylogeny 1000 replicates through MEGA7.018 software. 

3.7 Data analysis 

Proximate composition of banana juice and banana juice-sorghum composite mixture 

and the physico-chemical data analysis were performed by using descriptive statistic 

tool (Graphpad prism7). The data obtained from analysis were presented as 

mean±standard deviation with triplicate in trials for each treatment. Morphological 
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identification of indigenous yeasts was done by observation through dissecting 

microscope (x40). The ITS1-5.8rDNA-ITS2 sequences from yeast isolates were 

viewed and edited using Chromas Pro version 2.1.8 (2018) software package. The 

sequences were aligned using CLUSTAL W to provide full sequences after which 

they were compared to sequences in the public databases with the BLAST search 

program on the National Center for Biotechnology Information (NCBI) 

(https://www.ncbi.nlm.nih.gov) to find the closely related based on query cover, E-

values and percentage of similarity. The sequences of isolates and their closely 

related were aligned and processed to generate phylogenetic trees using MEGA7 

.018 software package. 
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4 CHAPTER FOUR 

4 RESULTS AND DISCUSSION 

 

4.1 Proximate composition of banana juice and banana juice-sorghum 

mixture before fermentation 

The addition of grilled sorghum to banana juice marginally increased the pH, soluble 

sugar concentration and protein content of the composite mixtures, and this change 

tended to increase with the percentage increase in grilled sorghum added (Table 4.1). 

Out of the three parameters determined, more change was noticeable with protein 

concentration than with the changes in pH and soluble sugar concentration on 

addition of grilled sorghum. The pH ranged from 4.68±0.05 to 4.75±0.03 (0% 

sorghum added and 15% sorghum added, respectively), soluble sugar concentration 

ranged from 21.00±0.07 to 21.37±0.17 (0% sorghum added and 15% sorghum added, 

respectively) and protein content 1.0±0.08 to 2.7±0.20 (0% sorghum added and 15% 

sorghum added respectively). Total soluble solids and protein are the main nutrients 

required for growth of yeast in wort fermentation. The slight increase in total soluble 

solids as well as protein concentration on addition of varying quantities of grilled 

sorghum can be attributed to the presence of free sugars and protein found in 

sorghum. 
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Table 4.1:  pH, Sugar and Protein content of banana juice and banana juice-sorghum 

mixture.  
Sorghum concentration pH Sugar (°Brix) Protein (g) 

0% 4.68±0.05
a
 21.00±0.07

a
 1.0±0.08

 a
 

2% 4.69±0.02
ab

 21.07±0.06
 a
 1.3±0.01

 a
 

5% 4.70±0.01
ab

 21.09±0.02
 a
 1.6±0.01

 a
 

7% 4.71±0.06
b
 21.10±0.10

 a
 1.8±0.09

 b
 

10% 4.73±0.04
c
 21.23±0.12

 a
 2.1±0.14

 c
 

15% 4.75±0.03
d
 21.37±0.17

 a
 2.7±0.20

 d
 

Significance at P= 0.05 P<0.0001 P=0.2388 P<0.0001 

The data represent the means with standard deviations of three replicates (n=3). 

Letters on each number indicate mean separation by Turkey’HSD ANOVA post-hoc test. Means not 

sharing a superscript in a group (Protein, TSS and pH) within a column are significantly different 

(p<0.05). 

4.2 Effect of sorghum content on ethanol concentration 

Generally, the onset of ethanol production started at the same time in all the six 

fermenters (including the control), with even quantifiable levels at the start of the 

experiment (Figure 4.1). It was observed that the production of ethanol for all the 

composites tended to increase with time as well as the increase in percentage of 

sorghum added to the banana juice. The trend for the production of ethanol for all the 

composites except the one containing no sorghum (control) followed a similar 

pattern. There was a sharp increase in ethanol production for all the composites after 

the 48
th

 hour except for the one containing no sorghum where the increase in this 

parameter seemed to occur rather steadily up to the 72
nd

 hour, after which there was a 

sharp increase. Except for the control and the composite containing 10% sorghum, in 

all the other combinations, ethanol production tended to start decreasing before or at 

the start of the 144
th

 hour of fermentation with the composite containing 15% 

sorghum showing the earliest onset of ethanol production decline. The final ethanol 

content in all fermenters ranged from (10.3-12.2%) with the control resulting in the 
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least concentration and the composite containing 10% sorghum resulting into the 

highest concentration (Figure 1). 

 

Figure 4.1: Changes in ethanol concentration during the spontaneous fermentation of 

urwagwa with varying sorghum combination. 

 

These results showed that the alcohol content does not only result from banana juice 

but also from added roasted sorghum. The initial concentration of soluble sugars in 

banana juice with no added sorghum was the least at 21°Brix (Table 4.1). It is 

therefore not a surprise that the control (banana juice with no added sorghum) 

yielded the least ethanol than the fermenters containing the composite mixtures. 

Sugars are normally converted to ethanol by yeasts during fermentation, and the 

higher the concentration, the higher the expected ethanol yield (Raikar, 2012). From 

limited data available, previous studies by Davies, (1993) and Shale et al.,(2013) 

showed that banana beer with an ethanol content of 11-15% (v/v) and 8.7-18.1% 

(v/v) was produced from undiluted banana juice and from indigenous banana beer 

respectively. Similar studies done by Byarugaba-Bazirake,(2013) and Dieu et al., 

(2017) reported an alcohol content of 6.4-14.6% ( v/v) from banana beverage made 
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from three banana cultivars and 12% ( v/v) ethanol in Rwanda banana beverage 

respectively.   

There was early decline of ethanol in fermenter with 15% of sorghum. According to 

Ferreira,(2004) the acetic acid bacteria may be responsible for oxidation of ethanol to 

acetic acid, leading to its reduction. The trend of higher ethanol production in all 

fermenters in comparison to the control could be attributed to the presence of 

nitrogen and minerals from sorghum that could have favoured the conditions for 

yeast growth compared to the fermentation of banana juice with no sorghum added 

(Deesuth et al., 2012). Similar study by Picki-reix et al. (1986) has established the 

clear relationship between  the ethanol production with free amino acids 

concentration in wort by which high free amino acid corresponded with high ethanol 

production. According to Carrau et al. (2008), Picki-reix et al. (1986), Barrajón-

Simancas et al. (2011), Jiranek et al. (1995) and Sablayrolles et al. (1996) nitrogen 

deficiency in wort may lead to lower fermentation rate the problem of which could 

be solved by supplementation with a nitrogen source. The need for a source of 

nitrogen in fermentation is also highlighted by Deesuth et al., (2012). Sorghum is 

known to be a good source of nitrogen as well as other essential nutrients including 

minerals such as potassium that are reported to be necessary for yeast growth 

(Lindsay, 2010). Kudo et al., (1998) reported the significance of potassium in early 

fermentation of wort through acceleration of glucose consumption by yeast. In 

addition, potassium which is found in high concentration in sorghum plays a key role 

in pH tolerance of Saccharomyces spp and high yield of ethanol is produced at pH of 

4.5 (Asli, 2010). Potassium inadequacy may lead to the reduction of fermentation 
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capacity of individual yeast cells or fermentation capacity of culture through the loss 

of yeast cell viability (Ferreira, 2004). 

4.3 Effect of sorghum concentration on soluble sugar during fermentation 

Sugar is one of the main substrate in alcoholic fermentation of the wort. The initial 

concentration of total soluble sugars in all the combinations, at time zero, including 

in the control was on average, 21°Brix. This remained largely unchanged for all the 

combinations up to the 48
th

 hour of the fermentation except for the sample containing 

15% sorghum which showed a slight reduction (20°Brix). There was a sharp decline 

in soluble sugar concentration after the 48
th

 hour of fermentation for all combinations 

except with the control where the decrease was observed to be steady (Figure 4.2) 

 

Figure 4.2: Changes in soluble sugar concentration (°Brix) during fermentation of 

urwagwa with varying sorghum concentration. 

 

At the end of the fermentation (144
th

 hour), all the samples seemed to have similar 

levels of soluble sugars remaining. Previous studies indicate that the main 

fermentable sugars in ripe bananas are glucose (19-22% of total sugar), fructose (12-

17% of total sugar) and sucrose (62-68% of total sugar) (Hammond et al., 1996). 
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According to  Hammond et al., (1996) the ideal sugar content of unfermented wort 

and which lead to the production of beverage of 8-12% (v/v) ethanol should be 

around 15-25% (w/w). This observation agrees with the findings of this study in 

terms of soluble sugar concentration and ethanol produced during fermentation. 

Similar findings have also been reported (Byarugaba-Bazirake, 2013). The sugar 

level at the end of fermentation was slightly higher in fermenter with zero percent of 

sorghum (9.7°Brix) which is attributable to high residual sugar.  

4.4 Effect of sorghum concentration on pH variation during fermentation 

The pH level is an essential component of the fermentation process as it can have an 

impact on the quality of the fermenting process as well as outcome of the final 

product following the process. The initial pH of all the samples, including the control 

was similar, ranging from 4.68-4.75 (Table 4.1). From a previous study of 

Munyanganizi (1974) and (Newilah et al., 2009), the pH of fully ripened bananas 

ranges from 4.2 to 4.9, a finding which is in agreement with the results of this study. 

There was a common trend for all the samples during the fermentation process; the 

pH decreased as the fermentation progressed (Figure 4.3).  
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Figure 4.3: Changes in pH during fermentation of urwagwa with varying sorghum 

concentration. 

With the exception of the control (no sorghum added), the pH of the rest of the 

samples were found to decrease steadily up to the end of the fermentation period. 

There was a sharp decrease of pH in the control sample between the 72
nd

 and 96
th

 

hour of fermentation. The less sharp drop in pH in samples containing sorghum 

compared to the control could be explained by higher content of minerals in sorghum 

that may have led to high buffering of the wort (Munyanganizi,1976). At the end of 

fermentation period the pH of samples was ranged from 4.0-4.4.  According to 

Rwanda Standard Board, (2017) the pH of banana-based alcoholic  beverages should 

range from 4.0 to 5.0 which means that the final products of this study complies with 

the country’s requirement in terms of this attribute. 

4.5 Effect of sorghum concentration on titratable acidity 

Titratable acidity reflects the number of protons recovered during titration of acid by 

strong base at specific end point and it is an approximation of total acidity in a given 

product (Boulton, 1980). All the samples prior to the fermentation process (time 
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zero) had quantifiable acidity which averaged to 0.17 % of TA. There was a 

noticeably exponential increase in titratable acidity for all the samples between time 

zero and 24 hours during fermentation, after which the increase, for all the samples 

became gradual (Figure 3).  

 

Figure 4.4: Changes in titratable acidity during fermentation of urwagwa with 

varying sorghum concentration 

Generally, a similar trend for all the samples in the development of the acidity 

(increase) was observed throughout the fermentation period. The acidity in the final 

products ranged from 0.64 and 0.93% of TA respectively. The highest titratable 

acidity was found in banana juice fermented without sorghum compared to those 

with added sorghum. High titratable acidity in sample containing zero percent 

sorghum may be attributed to the possibility of presence of lactic bacteria involved in 

early fermentation compared to samples with sorghum added as at this point the 

fermenters with sorghum added had high ethanol content that could reduce the 

population of lactic acid bacteria (Sigmon, 2003). According to Wilson et al., (2012), 

titratable acidity in traditional alcoholic banana beverage ranges from 0.18 to 0.9% 
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ile Akubor, Obio, Nwadomere, & Obiomah, (2003) found 0.85% in final banana 

alcoholic beverage. Byarugaba-Bazirake, (2013) also reported titratable acidity 

expressed as g/L in banana alcoholic beverage produced by conventional and modern 

techniques from different banana cultivars which ranged from 5.24 to 8.4,  which is 

in agreement with obtained results of this study. 

4.6 Isolation and identification of indigenous yeast involved in fermentation of 

urwagwa 

Plate1 shows morphological features of yeast colonies after incubation at 25
o
C. Plate 

1a shows growth on yeast extract agar medium while Plate 1b shows growth on 

potato dextrose agar. 

 

  

Plate  4.1: Plate 1a: Yeast extract agar medium for isolation 

 P1b: Potato dextrose agar medium for colonies purification. 

 

Plate1 a 

 

Plate 1b 
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 Plate 4.2: Morphological characteristics of yeast cell as viewed under dissecting 

microscope (x40) 

4.6.1 Morphological identification of indigenous yeast 

4.6.1.1 Colony and cell morphology 

Morphological characterization of indigenous yeast was based on classical 

macroscopic attributes of colour, shape, elevation and texture of pure colonies 

(George, 1955). Most colonies were able to grow within 3-4 days of incubation at 

25
o
C. The colony shapes of indigenous yeast isolated from banana-based alcoholic 

beverages ranged from circular and umbonate (Plate1). The colony texture was 

smooth and the color ranged from white to cream. The cells ranged from egg-shaped 

to circular (Table 4.3).  
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Table 4.2: Morphological characteristic of indigenous yeast involved in fermentation 

Urwagwa. 
  Colony characterization     Cell characterization 

Isolate Colony color 

Colony 

form 

Colony 

elevation 

Colony 

margin Cell arrangement 

YBBO White cream Circular Umbonate smooth Egg-shaped and cylindrical 

YBB2 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

YBB5 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

YBB7 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

YBB10 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

YBB15 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

MB1 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

MB2 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

BN2 White cream Circular Umbonate smooth Egg-shaped and cylindrical 

 

YBBO: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with zero percent of sorghum. 

YBB2: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with 2% of sorghum. 

YBB5: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with 5% of sorghum. 

YBB7: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with 7% of sorghum. 

YBB10: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with 10% of sorghum. 

YBB15: Indigenous yeast isolated from banana-based alcoholic beverage fermented 

with 15% of sorghum. 

MB1and MB2: Indigenous yeast isolated from Munyanganizi brewery  

BN2: Indigenous yeast isolated from Bernadette brewery 

 

4.6.2 Molecular identification of indigenous yeast  

4.6.2.1 PCR amplification of ITS1-5.8rDNA-ITS2 by ITS1F-ITS2 and ITS3-

ITS4 primers from isolates 

Genomic DNA was extracted successfully from all isolates using Zymo research kit 

procedures. Amplification of ITS1-5.8rDNA-ITS2 gene with fungal universal 

primers ITS1F-ITS2 and ITS3-ITS4 (Op De Beeck et al., 2014) in order get to 

reliable results and they have yielded an amplification product of approximately 484 

bp and 850bp respectively  (Plate 4.3 and 4.4).  
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Plate  4.3: PCR products after amplification of ITS1-5.8S rDNA-ITS2 of the isolates 

from urwagwa using universal primers ITS1F and ITS2 

 Lanes 1(YBBO), 2(YBB2), 3(YBB5), 4(YBB7), 5(YBB10), 6(YBB15),7(MB1), 

8(MB2), 9(NB2), (C) negative control and (M) M- 484bp Molecular marker size. 

 

 

 

 

 

 

 

 

  
Plate 4.4: PCR products after amplification of ITS1-5.8SrDNA-ITS4 of the isolates 

from urwagwa using universal primers ITS3and ITS4. 

Lanes 1(YBBO), 2(YBB2), 3(YBB5), 4(YBB7), 5(YBB10), 6(YBB15),7(MB1), 

8(MB2), 9(NB2), (C) negative control and (M) M- 850bp Molecular marker size. 

850bp 

200bp 

M         1       2          3          4        5        6         7        8           9       C   

484bp 

100bp 

 M      1       2     3      4    5       6     7     8       9    C 
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4.6.2.2 Phylogenetic analysis of sequences  

Using BLAST programme the ITS sequences amplified by ITS1F-ITS2 primers of all 

isolates were compared with ITS sequences available in database showed that all 

isolates were from genus Saccharomyces and cerevisiae species with similarities 

between 98% and 100% of previous sequences in data base (NCBI) . Among these 

were; Saccharomyces cerevisiae strain 1000, Saccharomyces cerevisiae strain IFM 

61207, Saccharomyces cerevisiae strain Udatsuyama-1 and others (Table 4.4).  

Five isolates which represent 55% of all isolates belonged to Saccharomyces 

cerevisae strain 1000 with 99 to 100 % similarities. Four isolates had 45% and 

belonged to genus Saccharomyces species cerevisiae with different strains with 

similarities between 98 and 100 % (Table 4.4). All isolates sequences were placed 

into a phylogenetic tree and phylogenetic analysis (Figure 4.5) showed that all 

isolates were clustered into genus saccharomyces sp, isolates YBBO, YBB2, YBB5, 

YBB10, YBB15 and BN2 were closely related to saccharomyces cerevisiae strain 

1000 with 100% sequence similarity while Isolates YBB7 was closely related to 

Saccharomyces cerevisiae strain IFM 58282 with 99% similarity. However, MB1 

and MB2 were grouped into different group which were distant to other group but 

they were clustered into genus Saccharomyces sp. cerevisiae. 
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Table 4.3: BLAST analysis results of the isolates from nine fermenters and their 

percentage of relatedness using ITS1F and ITS2 primers. 

Isolate Next Neighbour 
Accession 

Number 

% 

similarity 

YBB0 (ITS1F) Saccharomyces cerevisiae strain 1000 LC269108.1  100 

YBB2 ( ITS1F) Saccharomyces cerevisiae strain 1000 LC269108.1  100 

YBB5 (ITS1F) Saccharomyces cerevisiae strain 1000 LC269108.1  100 

YBB7 (ITS1F) 
Saccharomyces cerevisiae strain IFM 

61207  
LC413776.1  99 

  
Saccharomyces cerevisiae strain IFM 

58282  
LC413774.1  99 

YBB10 (ITS1F) 
Saccharomyces cerevisiae strain 

Udatsuyama-1 
LC215452.1  100 

  Saccharomyces cerevisiae strain PUMY065 LC042148.1  100 

YBB15 (ITS1F) Saccharomyces cerevisiae strain 1000 LC269108.1  99 

  
Saccharomyces cerevisiae strain IFM 

40026  
LC413760.1  99 

MB1 (ITS1F) Saccharomyces cerevisiae CBS:12552  KY105006.1 99 

  
Saccharomyces cf. cerevisiae/paradoxus 

strain CBS:4456  
KY105156.1 99 

MB2 (ITS1F) 
Saccharomyces cerevisiae culture 

CBS:12555  
KY105010.1 98 

  
Saccharomyces cerevisiae strain 

ABM51215  
HG532088.1 98 

BN2 (ITS1F) Saccharomyces cerevisiae strain 1000 LC269108.1         99 

  

Saccharomyces cerevisiae strain 

MUCL51215 
MG183699.1 99 

https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFWTTNV0014
https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFXZWHAT015
https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFWTTNV0014
https://www.ncbi.nlm.nih.gov/nucleotide/LC413776.1?report=genbank&log$=nucltop&blast_rank=11&RID=SFYGD4E4014
https://www.ncbi.nlm.nih.gov/nucleotide/LC413774.1?report=genbank&log$=nucltop&blast_rank=12&RID=SFYGD4E4014
https://www.ncbi.nlm.nih.gov/nucleotide/LC215452.1?report=genbank&log$=nucltop&blast_rank=70&RID=SFYPGAJZ014
https://www.ncbi.nlm.nih.gov/nucleotide/LC042148.1?report=genbank&log$=nucltop&blast_rank=75&RID=SFYPGAJZ014
https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFZ3M4B4014
https://www.ncbi.nlm.nih.gov/nucleotide/LC413760.1?report=genbank&log$=nucltop&blast_rank=6&RID=SFZ3M4B4014
https://www.ncbi.nlm.nih.gov/nucleotide/KY105006.1?report=genbank&log$=nucltop&blast_rank=4&RID=SFZE1ZVC015
https://www.ncbi.nlm.nih.gov/nucleotide/KY105156.1?report=genbank&log$=nucltop&blast_rank=2&RID=SFZE1ZVC015
https://www.ncbi.nlm.nih.gov/nucleotide/KY105010.1?report=genbank&log$=nucltop&blast_rank=3&RID=SFZPZAFV014
https://www.ncbi.nlm.nih.gov/nucleotide/HG532088.1?report=genbank&log$=nucltop&blast_rank=14&RID=VKSC6DEH014
https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFWTTNV0014
https://www.ncbi.nlm.nih.gov/nucleotide/MG183699.1?report=genbank&log$=nucltop&blast_rank=4&RID=SG006DXM014
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The same isolates were amplified by ITS3-ITS4 primers and the sequence analysis 

(BLAST) of results showed that all isolates belonged to genus Saccharomyces, 

cerevisiae species with 97 and 100% similarities (Table 4.5). Among them were; 

Saccharomyces cerevisiae isolate B-WHX-12-48, Saccharomyces cerevisiae isolate 

27 18S, Saccharomyces cerevisiae isolate B-NC-12-OZ03, Saccharomyces cerevisiae 

isolate L2M and others (Table 4.6). Compared to isolates similarities amplified by 

ITS1F-ITS2 primers, only 3 isolates amplified by ITS3-ITS4 primers which represent 

33 % of isolates belonged to genus Saccharomyces cerevisiae isolate B-WHX-12-48 

and Saccharomyces cerevisiae strain D120B, respectively, with 100% similarities. 

Six isolates had 67% and belonged to genus Saccharomyces species cerevisiae with 

different strains with similarities between 97 and 100 % (Table 4.6).  

The results after placing sequences on tree (Figure 4.6) showed that all isolates clustered into 

genus Saccharomyces where isolates YBB0, YBB2, YBB10 and YBB15 were closely related 

to Saccharomyces cerevisiae strain (MH459411.1) with 99% similarities. Isolates 

YBB5 and YBB7 were clustered into the same group and they were related to first 

big group while MB2, BN2 were in the same group, but a bit distant to the first two 

group which belonged to genus Saccharomyces sp.  Finally, MB1 isolate was found 

to be distant from all groups but also belonged to genus Saccharomyces sp.   
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Figure 4.5: Phylogenetic relationship of indigenous yeast sequences of isolates of 

Saccharomyces cerevisiae from urwagwa using Neighbor-Joining method.  

 Lactobacillus plantarum was used as the out group. The evolutionary history was 

inferred by using the Maximum Likelihood method based on the (Tamura K. et al., 

2013) .The tree is drawn to scale, with branch lengths measured in the number of 

substitutions per site. The scale bar indicates approximately 5% sequence difference. 

The analysis involved 21 nucleotide sequences. Evolutionary analyses were 

conducted in MEGA7. 
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Table 4.4: BLAST analysis results of the isolates from nine fermenters and their 

percentage of relatedness using ITS3 and IT4 primers. 

Isolate Next Neighbour 
Accession 

Number 

% 

similarity 

YBB0 ( ITS3) Saccharomyces cerevisiae isolate B-WHX-12-48 KC544501.1 100 

    
YBB2 ( ITS3) Saccharomyces cerevisiae isolate 27 18S KT175188.1 99 

 
Saccharomyces cerevisiae isolate B-NC-12-OZ03 KF728786.1 99 

YBB5 (ITS3) Saccharomyces cerevisiae isolate B-WHX-12-48 KC544501.1 99 

 
Saccharomyces cerevisiae isolate B-WHX-12-43 KC544486.1 99 

YBB7 ( ITS3) Saccharomyces cerevisiae isolate N8 KX824758.1 99 

 
Saccharomyces cerevisiae isolate L2M KP723678.1 99 

YBB10 (ITS3) Saccharomyces cerevisiae isolate B-WHX-12-48 KC544501.1 100 

YBB15 (ITS3) Saccharomyces cerevisiae strain D120B KP674649.1 100 

MB1 (ITS3) Saccharomyces cerevisiae isolate 2276 KY596697.1 97 

 
Saccharomyces cerevisiae strain Husl_FF7 MH459411.1 97 

 
Saccharomyces cerevisiae strain Husl_FF19 MH459412.1  97 

MB2 (ITS3) Saccharomyces cerevisiae strain Husl_FF19 MH459412.1  99 

BN2 (ITS3) Saccharomyces cerevisiae strain Y1 18S KP216389.1 99 

 

Saccharomyces cerevisiae isolate JRC5 KX668409.1 99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/KC544501.1?report=genbank&log$=nucltop&blast_rank=21&RID=SG064URN015
https://www.ncbi.nlm.nih.gov/nucleotide/KT175188.1?report=genbank&log$=nucltop&blast_rank=39&RID=SG0ANEGC015
https://www.ncbi.nlm.nih.gov/nucleotide/KF728786.1?report=genbank&log$=nucltop&blast_rank=40&RID=SG0ANEGC015
https://www.ncbi.nlm.nih.gov/nucleotide/KC544501.1?report=genbank&log$=nucltop&blast_rank=5&RID=SG0G0F6S015
https://www.ncbi.nlm.nih.gov/nucleotide/KC544486.1?report=genbank&log$=nucltop&blast_rank=6&RID=SG0G0F6S015
https://www.ncbi.nlm.nih.gov/nucleotide/KX824758.1?report=genbank&log$=nucltop&blast_rank=6&RID=SG10KR9F015
https://www.ncbi.nlm.nih.gov/nucleotide/KP723678.1?report=genbank&log$=nucltop&blast_rank=23&RID=SG16JENH01R
https://www.ncbi.nlm.nih.gov/nucleotide/KC544501.1?report=genbank&log$=nucltop&blast_rank=22&RID=SG16JENH01R
https://www.ncbi.nlm.nih.gov/nucleotide/KP674649.1?report=genbank&log$=nucltop&blast_rank=36&RID=SG1CWJDV01R
https://www.ncbi.nlm.nih.gov/nucleotide/KY596697.1?report=genbank&log$=nucltop&blast_rank=2&RID=SG2FDNR1014
https://www.ncbi.nlm.nih.gov/nucleotide/MH459412.1?report=genbank&log$=nucltop&blast_rank=3&RID=SG2FDNR1014
https://www.ncbi.nlm.nih.gov/nucleotide/MH459412.1?report=genbank&log$=nucltop&blast_rank=13&RID=SG2RG5KM014
https://www.ncbi.nlm.nih.gov/nucleotide/KU535601.1?report=genbank&log$=nucltop&blast_rank=3&RID=SG006DXM014
https://www.ncbi.nlm.nih.gov/nucleotide/MG183699.1?report=genbank&log$=nucltop&blast_rank=4&RID=SG006DXM014
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Figure 4.6: Phylogenetic relationship of indigenous yeast sequences of isolates of 

saccharomyces sp amplified by ITS3-ITS4 primers from urwagwa using Neighbor-

Joining method. Lactobacillus plantarum was used as the out group.  The 

evolutionary history was inferred by using the Maximum Likelihood method based 

on the (Tamura K. et al., 2013) .The tree is drawn to scale, with branch lengths 

measured in  the number of substitutions per site. The scale bar indicates 

approximately 5% sequence difference. The analysis involved 21 nucleotide 

sequences. Evolutionary analyses were conducted in MEGA7. 
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Morphological identification of indigenous yeasts based on colony and cell features 

showed that the indigenous yeast that involved fermentation were clustered into 

genus Saccharomyces cerevisiae which is in accordance with  the description given 

by George, (1955), Labagnara, (2009) and Omar-Zahid, (2013). The presence of 

indigenous yeast involved in fermentation of urwagwa was confirmed by 

identification based on amplification of ITS region as most variable and conserved 

region in fungal community by two set of primers ITS1F-ITS2 and ITS3-ITS4 which 

resulted in the identification of different Saccharomyces cerevisiae strains that were 

present in fermentation of urwagwa. The ITS region of all isolates studied showed 

the same molecular size of about 484 bp in isolates amplified by ITS1F-ITS2 and 

850bp in isolates amplified by ITS3-ITS4 respectively.  

 

Molecular identification of indigenous yeast strains based on amplification of ITS1-

5.8rDNA-ITS2 by ITS1F-IT2 primers through BLAST analysis of sequences showed 

that isolates YBB0, YBB2, YBB5 and YBB15 were clustered into genus 

saccharomyces cerevisiae strain 1000 with 99 and 100 % similarities (Table 4.5). 

The phylogenetic analysis (Figure 4.5) showed that the aforementioned isolates, 

YBB10 and BN2 isolates are clustered into the same taxa. According to a previous 

study Nwuche et al.,(2018) Saccharomyces cerevisiae strain 1000 is described as 

thermotolerant and acid-tolerant strain. Based on the above characteristics strain 

1000 LC269108.1 has been selected for bioethanol production because of its ability 

to withstand to multiple stress conditions pH ranged 4-5 and 10% w/v ethanol which 

are similar to the conditions where the above strains were isolated.  Isolates YBB7, 

MB1 and MB2 which were clustered into Saccharomyces sensu stricto group 

https://www.ncbi.nlm.nih.gov/nucleotide/LC269108.1?report=genbank&log$=nucltop&blast_rank=1&RID=SFWTTNV0014
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Saccharomyces cf. cerevisiae/paradoxus strain CBS: 4456 were  reported among 

most important strains of genus Saccharomyces spp capable to withstand stressful 

conditions of high ethanol concentration. They have high fermentation efficiency, 

ability to produce and consume ethanol (Reis et al, 2013). On other hand 

phylogenetic analysis (Figure 4.6) of sequence of isolates amplified by ITS3-ITS4 

primers showed that isolates YBB0, YBB2, YBB10 and YBB15 were clustered into 

the same group and were closely related to Saccharomyces cerevisiae isolate B-

WHX-12-48. According to Wang et al., (2015) Saccharomyces cerevisiae isolate B-

WHX-12-48 is described as osmotolerant strain capable of  resisting high osmotic 

pressure. They also grow fast in high concentration of glucose ranging from 20 to 

40% w/v.  

 

Saccharomyces cerevisiae Strain NCIM3186 in the same group was reported to be a 

suitable strain for bioethanol production from sweet sorghum stalk (Goud & 

Ulaganathan, 2015). Isolates YBB5 and YBB7 were clustered into the same genus 

Saccharomyces cerevisiae and were closely related to the first group of phylogenetic 

tree (Figure 4.6) and it is described among robust yeasts capable to withstand 

stressful condition with high fermentation efficiency, rapid growth and effective 

sugar use  (Reis et al., 2013). Isolates MB2, BN2 as well as MB1 (Figure 4.6) were 

clustered into genus Saccharomyces cerevisiae. However they were closely distant to 

isolates YBB0, YBB2, YBB5, YBB7, YBB10 and YBB15 which could be attributed 

to the conditions where they were grown. Finally, the phylogenetic analysis using 

both ITS1F-ITS2 and ITS3-ITS4 primers showed that the isolates from Urwagwa 

alcoholic beverage fermented with 0%, 2%, 5%, 7%, 10% and 15% of sorghum were 
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closely related compared to isolates MB1, MB2 and BN2 which could be attributed 

to conditions where they were isolated.  Primers ITS1F-ITS2 resulted in large 

numbers of isolates which represent 55% and were clustered into genus 

Saccharomyces cerevisiae with 100% similarities to those in NCBI repository 

compared to 33% of ITS3-ITS4.  Also ITS1F-ITS2 primer pair was chosen to be 

among the most efficient primer pair with 82% of amplification of ITS region in 

fungal community (Op De Beeck et al., 2014).   
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5 CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion 

The proximate composition of banana juice-sorghum composite mixture analyses has 

shown that concentration of total soluble solids as well as protein content has 

increased with an increase of the sorghum concentration. Sorghum vulgaris sp used 

in production of urwagwa was found to affect the physico-chemical quality 

parameters of urwagwa. It was observed that the trend of ethanol production for all 

the composites mixtures followed the similar pattern and tended to increase as well 

as the increase in percentage of sorghum added to the banana juice while pH and 

sugar seemed to decrease steadily up to the end of the fermentation period. 

 Based biochemical parameters such as ethanol content, sugar concentration, pH, 

titratable acidity which are important quality parameter requirement in banana-based 

alcoholic beverage the concentration of 5% of sorghum was found to be the optimum 

percentage which result most desirable banana-based alcoholic beverage. 

Morphological features of indigenous yeast involved in the fermentation of Urwagwa 

showed that all isolates belonged to Saccharomyces cerevisiae.  

Molecular identification of ITS1-5.8SrDNA-ITS2 by two sets of universal primers 

(ITS1F-ITS2 & ITS3-ITS4) confirmed that the isolates belong to Saccharomyces spp 

with similarity of 97 to 100%. However, ITS1F-ITS2 showed better results with 

similarity of 98 to 100% where 5 out of 9 isolates had 100% similarity compared to 

ITS3-ITS4 with 97 to 100%. The strains isolated from banana-based alcoholic 

beverages fermented with 0%, 2%, 5%, 7%, 10% and 15% of sorghum were found to 
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be distant from MB1, MB2 and BN2 of traditional brewery.  Saccharomyces 

cerevisiae strain 1000 (LC269108.1) identified in fermenter with 0%, 2%, 5% and 15% 

was found to be the best strain which can be used in production urwagwa. 

5.2 Recommendation 

The concentration 5% of sorghum was found to result the best banana-based 

alcoholic quality parameters. This portion can be used in production of standardised 

banana-based alcoholic beverage called urwagwa. Economically, there is a big 

interest to use the minimum possible quantity of sorghum which meets highest 

quality standards. However, further study can be carried out on sensory 

characteristics of urwagwa fermented with aforementioned sorghum concentration. 

Saccharomyces cerevisiae strain 1000 (LC269108.1) identified in fermenter with 0%, 

2%, 5% and 15% of sorghum was found to be the best strain which can be used in 

banana-based alcoholic beverage production.  Therefore there is a need to study its 

biochemical potentiality in different alcoholic beverage.   
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7 APPENDIXES 

Appendix 1: Tools used for proximate composition of banana juice and banana juice-

sorghum composite mixture and physico-chemical changes during fermentation of 

Urwagwa. 
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Appendix 2: Sequence listings 

>180829-060_I13_1_ITS1F.ab1 506 (YBBO) 

cgaatatcgt ctccgttagt gacctgcgga ggatcattaa agaaatttaa taattttgaa        60 

aatggatttt tttgttttgg caagagcatg agagctttta ctgggcaaga agacaagaga       120 

tggagagtcc agccgggcct gcgcttaagt gcgcggtctt gctaggcttg taagtttctt       180 

tcttgctatt ccaaacggtg agagatttct gtgcttttgt tataggacaa ttaaaaccgt       240 

ttcaatacaa cacactgtgg agttttcata tctttgcaac tttttctttg ggcattcgag       300 

caatcggggc ccagaggtaa caaacacaaa caattttatt tattcattaa atttttgtca       360 

aaaacaagaa ttttcgtaac tggaaatttt aaaatattaa aaactttcaa caacggatct       420 

cttggttctc gcatcgatta aaaaagccac cacagagagg ggaaccgaac gcacagagag       480 

gacacgagag aggaacaagg gaggga                                            506 

 

>180829-060_K13_2_ITS1F.ab1 480 (YBB2 

gtgggagaca gttccgtagt gacctgcgga ggatcattaa agaaatttaa taattttgaa        60 

aatggatttt tttgttttgg caagagcatg agagctttta ctgggcaaga agacaagaga       120 

tggagagtcc agccgggcct gcgcttaagt gcgcggtctt gctaggcttg taagtttctt       180 

tcttgctatt ccaaacggtg agagatttct gtgcttttgt tataggacaa ttaaaaccgt       240 

ttcaatacaa cacactgtgg agttttcata tctttgcaac tttttctttg ggcattcgag       300 

caatcggggc ccagaggtaa caaacacaaa caattttatt tattcattaa atttttgtca       360 

aaaacaagaa ttttcgtaac tggaaatttt aaaatattaa aaactttcaa caacggatct       420 

cttggttctc gcatcgatga gaaacgcagc aaaaaaggtc aatctttcgc acaatgagcc       480 

 

>180829-060_M13_3_ITS1F.ab1 488 (YBB5 

acagaatagt ctacgtagtg acctgcggag gatcattaaa gaaatttaat aattttgaaa        60 

atggattttt ttgttttggc aagagcatga gagcttttac tgggcaagaa gacaagagat       120 

ggagagtcca gccgggcctg cgcttaagtg cgcggtcttg ctaggcttgt aagtttcttt       180 

cttgctattc caaacggtga gagatttctg tgcttttgtt ataggacaat taaaaccgtt       240 

tcaatacaac acactgtgga gttttcatat ctttgcaact ttttctttgg gcattcgagc       300 

aatcggggcc cagaggtaac aaacacaaac aattttattt attcattaaa tttttgtcaa       360 

aaacaagaat tttcgtaact ggaaatttta aaatattaaa aactttcaac aacggatctc       420 

ttggttctcg catcgataga aaacgcacca aaaacccacc ttcgcccgaa gacccccgga     480 

aaccgggt                                                                488 

 

>180829-060_O13_4_ITS1F.ab1 506 (YBB7) 

attagtatcg ttcacgtagt gacctgcgga ggatcattaa agaaatttaa taattttgaa        60 

aatggatttt tttgttttgg caagagcatg agagctttta ctgggcaaga agacaagaga       120 

tggagagtcc agccgggcct gcgcttaagt gcgcggtcct gctaggcttg taagtttctt       180 

tcttgctatt ccaaacggtg agagatttct gtgcttttgt tataggacaa ttaaaaccgt       240 

ttcaatacaa cacactgtgg agttttcata tctttgcaac tttttctttg ggcattcgag       300 

caatcggggg gcccagaggt aacaaacaca aacaatttta tctattcatt aaatttttgt       360 

caaaaacaag aattttcgta actggaaatt ttaaaatatt aaaaactttc aacaacggat       420 

ctcttggttc tcgcatcgat aaaaaacggc aacaagaaaa attctttgaa cataaaatag       480 

aaagtgatat gatattaaga ggaggg                                            506 

 

>80829-060_A15_5_ITS1F.ab1 494 (YBB10)   
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ctaagaccgt aacgtagtga gctgcggagg atcattaaag aaatttaata attttgaaaa        60 

tggatttttt tgttttggca agagcatgag agcttttact gggcaagaag acaagagatg       120 

gagagtccag ccgggcctgc gcttaagtgc gcggtcttgc taggcttgta agtttctttc       180 

ttgctattcc aaacggtgag agatttctgt gcttttgtta taggacaatt aaaaccgttt       240 

caatacaaca cactgtggag ttttcatatc tttgcaactt tttctttggg cattcgagca       300 

atcggggccc agaggtaaca aacacaaaca attttattta ttcattaaat ttttgtcaaa       360 

aacaagaatt ttcgtaactg gaaattttaa aatattaaaa actttcaaca acggatctct       420 

tggttctcgc atcgatgaaa aacggcaaca aaatgatgaa tcgcggaaac gcacaacgcg  480 

ccccccgggg aacc                                                         494 

 

>180829-060_C15_6_ITS1F.ab1 499 (YBB15) 

aaggctcgtt tccgttcgtg acctgcggag gatcatttaa agaaatttaa taattttgaa        60 

aatggatttt tttgttttgg caagagcatg agagctttta ctgggcaaga agacaagaga       120 

tggagagtcc agccgggcct gcgcttaagt gcgcggtctt gctaggcttg taagtttctt       180 

tcttgctatt ccaaacggtg agagatttct gtgcttttgt tataggacaa ttaaaaccgt       240 

ttcaatacaa cacactgtgg agttttcata tctttgcaac tttttctttg ggcattcgag       300 

caatcggggc ccagaggtaa caaacacaaa caattttatt tattcattaa atttttgtca       360 

aaaacaagaa ttttcgtaac tggaaatttt aaaatattaa aaactttcaa caacggatct       420 

cttggttctc gcatcgataa aaaacgcaac caaaaacggc ccaaacagag ccaaataaaa   480 

aacacggcac gctaaaacc                                                    499 

 

>180829-060_G15_8_ITS1F.ab1 532 (MB2) 

agcattcgtc tacgtaggtg acctgcggag gatcattaaa gaaatttaat aattttgaaa        60 

atggattttt ttttttgttt tggcaagagc atgaaagctt ttactgggca agaaaacaag       120 

agatggagag tccagccggg cctgcgctta agtgcgcggt cttgctaggc ttgtaagttt       180 

ctttcttgct attccaaacg gtgagagatt tctgtgcttt tgttatagga caattaaaac       240 

cgtttcaata caacacactg tggagttttt catatctttg caactttttc tttgggcatt       300 

cgagcaatcg gggcccaaag gtaacaaaca caaacaattt tatctattca ttaaattttt       360 

gtcaaaaaca aaaattttcg taactggaaa ttttaaaata ttaaaaactt tcaacaacgg       420 

atctcttggt tctcgcatcg ataaaaaacg caaaaaaaat tttaatttta ttaaaaaaaa       480 

agaagtttag ggggaaaact aatgaagaat atattgagaa aaatttggta tg               532 

 

>180829-060_I15_9_ITS1F.ab1 472 (BN2)  

aacaatagtt ccgtagtgac ctgcggagga tcattaaaga aatttaataa ttttgaaaat        60 

ggattttttt tttgttttgg caagagcatg agagctttta ctgggcaaga agacaagaga       120 

tggagagtcc agccgggcct gcgcttaagt gcgcggtctt gctaggcttg taagtttctt       180 

tcttgctatt ccaaacggtg agagatttct gtgcttttgt tataggacaa ttaaaaccgt       240 

ttcaatacaa cacactgtgg agttttcata tctttgcaac tttttctttg ggcattcgag       300 

caatcggggc ccagaggtaa caaacacaaa caattttatt tattcattaa atttttgtca       360 

aaaaacaaga attttcgtaa ctggaaattt taaaatatta aaaactttca acaacggatc       420 

tcttggttct cgcatcgata aaaaaagcaa caaaaaaatt ttaaatcttt ca               472 

 

>180829-060_K15_10_ITS3.ab1 1617 (YBB0) 

ggcactgtac tatagtattt gaatggattt ttttgttttg gcaagagcat gagagctttt        60 

actgggcaag aagacaagag atggagagtc cagccgggcc tgcgcttaag tgcgcggtct   120 

tgctaggctt gtaagtttct ttcttgctat tccaaacggt gagagatttc tgtgcttttg       180 

ttataggaca attaaaaccg tttcaataca acacactgtg gagttttcat atctttgcaa       240 
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ctttttcttt gggcattcga gcaatcgggg cccagaggta acaaacacaa acaattttat       300 

ttattcatta aatttttgtc aaaaacaaga attttcgtaa ctggaaattt taaaatatta       360 

aaaactttca acaacggatc tcttggttct cgcatcgatg aagaacgcag cgaaatgcga       420 

tacgtaatgt gaattgcaga attccgtgaa tcatcgaatc tttgaacgca cattgcgccc       480 

cttggtattc cagggggcat gcctgtttga gcgtcatttc cttctcaaac attctgtttg       540 

gtagtgagtg atactctttg gagttaactt gaaattgctg gccttttcat tggatgtttt       600 

ttttccaaag agaggtttct ctgcgtgctt gaggtataat gcaagtacgg tcgttttagg       660 

ttttaccaac tgcggctaat cttttttata ctgagcgtat tggaacgtta tcgataagaa       720 

gagagcgtct aggcgaacaa tgttcttaaa gtttgacctc aaatcaggta ggagtacccg       780 

ctgaacttaa gcatatcata agcgcgaaga aaaggatcat tatagaaatt taattatttt       840 

tgaatatgga tatatatgtt ttgtctagag catgagagct tttactgggc aagaagacca       900 

gagatggaga gtccagcccg gcctgcgctt aaatgcgcgg tcttgctagg cttgtaagta       960 

tctttctagc tattcccaac tgtgagagat atcagtgctc ttgttatagg acaattaaga      1020 

ccgtttcatt acaacacact gtggaatttt cagatctttg caactttttc tttgggcatt      1080 

caagcaatcg gggcccttag gtaacaaccc caaccatttt tattattcct taaattttgt      1140 

caaaacaaga attttcgtaa ctggaaattt taaaatttta gaacctttca caacggaact      1200 

tttggttctg ccaccattaa aaaagaacgc aattgcaaac gtattgggaa ttgcaaaatc      1260 

cctgaatcac ccacctttta acccaattgg cccccttgga                            1300 

gcgcttggag cgatagtatt tgaatggatt tttttgtttt ggcaagagca tgagagcttt        60 

 

>180829-060_M15_11_ITS3.ab1 1678 (YBB2) 

tactgggcaa gaagacaaga gatggagagt ccagccgggc ctgcgcttaa gtgcgcggtc  120 

ttgctaggct tgtaagtttc tttcttgcta ttccaaacgg tgagagattt ctgtgctttt       180 

gttataggac aattaaaacc gtttcaatac aacacactgt ggagttttca tatctttgca       240 

actttttctt tgggcattcg agcaatcggg gcccagaggt aacaaacaca aacaatttta       300 

tttattcatt aaatttttgt caaaaacaag aattttcgta actggaaatt ttaaaatatt       360 

aaaaactttc aacaacggat ctcttggttc tcgcatcgat gaagaacgca gcgaaatgcg       420 

atacgtaatg tgaattgcag aattccgtga atcatcgaat ctttgaacgc acattgcgcc       480 

ccttggtatt ccagggggca tgcctgtttg agcgtcattt ccttctcaaa cattctgttt       540 

ggtagtgagt gatactcttt ggagttaact tgaaattgct ggccttttca ttggatgttt       600 

tttttccaaa gagaggtttc tctgcgtgct tgaggtataa tgcaagtacg gtcgttttag       660 

gttttaccaa ctgcggctaa tcttttttat actgagcgta ttggaacgtt atcgataaga       720 

agagagcgtc taggcgaaca atgttcttaa agtttgacct caaatcaggt aggagtaccc       780 

gctgaactta agcatatcat aagccggagg aaaagaataa ttaaagaaat ttaataattt       840 

tgaaaatgga tttttttgtt ttggcaagag catgagagct tttactgggc agaagacaag       900 

aaatggagag tccagccggg cctgcgctta aatgcgcggt cttgctaggc ctgtaagttt       960 

ctttcttgct attccaaacg gtaagagatt tctgtgcttt tgttatagga caattaaaac      1020 

cgtttcaata caacaagggg ggaatttttc acatctcttc ttcttttggc ctttcagcct      1080 

tcgcggctca aggttacaaa ccaaacaatt ttatttattc cttaaatttt tgttcaaaaa      1140 

gaaaaatttt ctaatgggga atttttagaa atttaaaaaa ctttcaagga actttgggtt      1200 

tgcaccctta aaaaagacac caaatggctt cccaaagggg gaattgcaaa aatccggaaa  1260 

cccaaacctt gaaacaatgg gccccccggg tttttcgggg gggccggcct tttaagacgt      1320 

ccttctctcc acattccttg tgggggggaa gaagaccctc gggaagtatt taggaaattg      1380 

cgcgccccct ttcccgggaa ttttttttct cccaagaaga ttgtctctgc tctcgctcag      1440 

aaagaaaggc agaaacgggg tgttatattg tatataaacg cgcggcgccc ctactttttt      1500 

attcccgaaa ggttggggta tattcttaaa aaaaaaaaaa accccccccc caaaattggt      1560 

tattttttta ttacctaaac ggttaaaact gtacactcta aagctattta caaaaaaatt      1620 
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aaaaaagaaa atataaccat atttattaaa atccccaatt aacctttact ttttcaca        1678 

 

>180829-060_O15_12_ITS3.ab1 1723 (YBB5)   

gaggaactga ttatattttg aatggatttt tttgttttgg caagagcatg agagctttta        60 

ctgggcaaga agacaagaga tggagagtcc agccgggcct gcgcttaagt gcgcggtctt   120 

gctaggcttg taagtttctt tcttgctatt ccaaacggtg agagatttct gtgcttttgt       180 

tataggacaa ttaaaaccgt ttcaatacaa cacactgtgg agttttcata tctttgcaac       240 

tttttctttg ggcattcgag caatcggggc ccagaggtaa caaacacaaa caattttatt       300 

tattcattaa atttttgtca aaaacaagaa ttttcgtaac tggaaatttt aaaatattaa       360 

aaactttcaa caacggatct cttggttctc gcatcgatga agaacgcagc gaaatgcgat       420 

acgtaatgtg aattgcagaa ttccgtgaat catcgaatct ttgaacgcac attgcgcccc       480 

ttggtattcc agggggcatg cctgtttgag cgtcatttcc ttctcaaaca ttctgtttgg       540 

tagtgagtga tactctttgg agttaacttg aaattgctgg ccttttcatt ggatgttttt       600 

tttccaaaga gaggtttctc tgcgtgcttg aggtataatg caagtacggt cgttttaggt       660 

tttaccaact gcggctaatc ttttttatac tgagcgtatt ggaacgttat cgataaaaag       720 

agagcgtcta ggcgaacaat gttcttaaag tttgacctca aatcatgtag gagtacccgc       780 

tgaacttact catatcgtaa tccggaagaa aaaaaaaaat tacggaaatt taataatttt       840 

gaaaatggat ttttttgttt tggcaagagc atgaaagctt ttactgggcc agaagacaag       900 

agatggagag tccagccggg cctgcgctta attgcgcggt cttgctaggc ttgtaagttt       960 

ctttctggct attccaaacg gttgaaagat ttctgtgctt tagttatagg aaaattaaaa      1020 

accgtttcat tacaacaaac gatgaaattt ttcaaatctt tgccactttt ttctttgggc      1080 

cttccggcca agcttaaaac caaacaattt tattgattcc cgaaaatttt tgttcaaaaa      1140 

aaaaattgtt tactgggaaa tttttgaaaa attaaagaac tttcacggaa cctctggttt      1200 

tccacccgtt aaaaaaaccc cgaatggcca acccaagggg ggaattggca aaaatctgga 1260 

aaacccaacc tttaaagcca ttgggccccc tgggttttcc gggggggggc cggtttaaag      1320 

ccctttttct ccaaaaattc ctttgggggg aaagggggga aacccttggg ggaaatttaa      1380 

aggaaattgc ccggcgcctt ttctcgggga aatttttttt tcccaagaaa aaagggtttt      1440 

ccctccggcc ctgggaaaga ggaaaagggc aaaccggggg gggttttttt tggttttttt      1500 

acaaaccgcg cggcggaaat cttctttttt gagaaaacgg gggaaagaag agaaaaaatt   1560 

ccccccaagg aaaataaaga aaaagccggg cgggggtgaa aaaatttgtt taacacaatg 1620 

aattcgcccc ggaaaaatta aatcaaaatc taacataaat cttaaacaaa gaaatttggg      1680 

ggaaaaacaa aactttttta aaaaaaattt ttttaattaa aaa                        1723 

>180829-060_A17_13_ITS3.ab1 1688 (YBB7) 

gaggcattca gaagttataa ttttgaatgg atttttttgt tttggcaaga gcatgagagc        60 

ttttactggg caagaagaca agagatggag agtccagccg ggcctgcgct taagtgcgcg     120 

gtcctgctag gcttgtaagt ttctttcttg ctattccaaa cggtgagaga tttctgtgct       180 

tttgttatag gacaattaaa accgtttcaa tacaacacac tgtggagttt tcatatcttt       240 

gcaacttttt ctttgggcat tcgagcaatc ggggggccca gaggtaacaa acacaaacaa       300 

ttttatctat tcattaaatt tttgtcaaaa acaagaattt tcgtaactgg aaattttaaa       360 

atattaaaaa ctttcaacaa cggatctctt ggttctcgca tcgatgaaga acgcagcgaa       420 

atgcgatacg taatgtgaat tgcagaattc cgtgaatcat cgaatctttg aacgcacatt       480 

gcgccccttg gtattccagg gggcatgcct gtttgagcgt catttccttc tcaaacattc       540 

tgtttggtag tgagtgatac tctttggagt taacttgaaa ttgctggcct tttcattgga       600 

tgtttttttt ccaaagagag gtttctctgc gtgcttgagg tataatgcaa gtacggtcgt       660 

tttaggtttt accaactgcg gctaatcttt tttatactga gcgtattgga acgttatcga       720 

taaaaagaga gcgtctaggc gaacaatgtt cttaaagttt gacctcaaat cacgtaggag       780 

tacccgctga acttaagcat atcataaacc ggaagaaaaa gaaccaataa agaaatttta     840 
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taaatttgaa aatggatttt tttgttttgg caagagcatg agagctttta cagggcaaga       900 

aaacaagaga tggagagtcc agcccggcct gcgcttaaat gcgcggtcct gctaggcctg     960 

taaatttctt tcttgctatt cccaacggtg agagatttct ctgcttttgt tataagacaa      1020 

ttaaaaccgt ttcaatacca cgcaacggtg gagttttcag atctttgcta cttttttctt      1080 

tgagcacttc gagccaccag gggggccacc aagtatcaaa cacaacacaa tttatttttt      1140 

tcaataaaat attgttcaaa acagaagttt tcttaactgg gaaattttaa ccaattaaaa      1200 

gctttccacc accgaacaaa agggtattcg cacgcttaaa gaagaacgga aaaacctacc  1260 

aacaagggaa ttgaccaaat gccgctggat ttccagggtg ggaacccctt tggaggccat    1320 

ttctctcaaa atcgcttggg cgggagggaa ggaacctttc ggatttaaaa taaaaattgg      1380 

ggcccccttc cactgaaggg attttttctc caaaaagaac cctttccctg gccggtgttg      1440 

tatccagaaa agattccgcg ccgtttttgt aatttaacaa accaaggggc catatgtttc      1500 

tccattgcgc ccacggtttt aagaagactt gggggaatat atcataggta aaaagcgccg      1560 

cactgtattt ttttatttca accttcaagg cctatcaatg taaaagcaat acacaaattt      1620 

ccaaacagaa cattaaaaaa aaaaacaaca agttttgaaa tttggggtaa aaacgcggtt   1680 

agaggtgt                                                               1688 

 

>180829-060_C17_14_ITS3.ab1 1654(YBB10 

tggccactga agttatagta tttgaatgga tttttttgtt ttggcaagag catgagagct        60 

tttactgggc aagaagacaa gagatggaga gtccagccgg gcctgcgctt aagtgcgcgg    120 

tcttgctagg cttgtaagtt tctttcttgc tattccaaac ggtgagagat ttctgtgctt       180 

ttgttatagg acaattaaaa ccgtttcaat acaacacact gtggagtttt catatctttg       240 

caactttttc tttgggcatt cgagcaatcg gggcccagag gtaacaaaca caaacaattt       300 

tatttattca ttaaattttt gtcaaaaaca agaattttcg taactggaaa ttttaaaata       360 

ttaaaaactt tcaacaacgg atctcttggt tctcgcatcg atgaagaacg cagcgaaatg       420 

cgatacgtaa tgtgaattgc agaattccgt gaatcatcga atctttgaac gcacattgcg       480 

ccccttggta ttccaggggg catgcctgtt tgagcgtcat ttccttctca aacattctgt       540 

ttggtagtga gtgatactct ttggagttaa cttgaaattg ctggcctttt cattggatgt       600 

tttttttcca aagagaggtt tctctgcgtg cttgaggtat aatgcaagta cggtcgtttt       660 

aggttttacc aactgcggct aatctttttt atactgagcg tattggaacg ttatcgataa       720 

gaagagagcg tctaggcgaa caatgttctt aaagtttgac ctcaaatcag gtaggagtac       780 

ccgctgaact taagcatatc ataagccgaa gaaaaggaaa attaaagaaa tttaataatt       840 

ttgaaaatgg atttttttgt tttggcaaga gcatgagagc ttttactggg caagaagacc       900 

agagatggaa agtccagccc ggcctgcgct taaatgcgcg gtcttgctag gcttgtaagt       960 

ttctttcttg ctattccaaa cggtgagaga tttctgtgct tttgttatag gacaattaaa      1020 

accgtttcaa tacaacaact gtgggagttt tcatatcttt gcaactttgt ctttgggcat      1080 

tcaagcattc agggtccaaa ccaaacattt tttttattct taaatttttt ttcaaaacaa      1140 

aaattttcta actggaaatt tttaaatatt aaaaaacttt caaggaaact tgggttcgca      1200 

cctttaagaa ccacccaatg cgcttcctat ggggaattgc caaaatctgg aatccacaat      1260 

ctttaaacca atggccccct gggtttccgg ggggcaggcc ttttaaagct ctctcctcca      1320 

aactcttttg gggaaggggg agaacccctg gaagataaca taaaaatgtg cggctctttt      1380 

ctggagaagt ttttttctca aaagagattt ctctcctctc tgttagaata tagaaacaag      1440 

ggcgcttttt gttttgatat ctaacgcccg gccctctctt ttttatccgg cgagttggat      1500 

tgttttttta aaaaaaaaga cccccccccc catttttttt ggtttccttt ctccgggttt      1560 

acggtactct taatccgaaa tcaaactaaa aaaaaaaaaa aatccccccc ggtggggatt    1620 

gggaaaggta tattttgagt tggagatttg gagg                                  1654 

 

>180829-060_E17_15_ITS3.ab1 1698 (YBB15) 
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ggtaatcatt atattttgaa tggatttttt tgttttggca agagcatgag agcttttact        60 

gggcaagaag acaagagatg gagagtccag ccgggcctgc gcttaagtgc gcggtcttgc    120 

taggcttgta agtttctttc ttgctattcc aaacggtgag agatttctgt gcttttgtta       180 

taggacaatt aaaaccgttt caatacaaca cactgtggag ttttcatatc tttgcaactt       240 

tttctttggg cattcgagca atcggggccc agaggtaaca aacacaaaca attttattta       300 

ttcattaaat ttttgtcaaa aacaagaatt ttcgtaactg gaaattttaa aatattaaaa       360 

actttcaaca acggatctct tggttctcgc atcgatgaag aacgcagcga aatgcgatac       420 

gtaatgtgaa ttgcagaatt ccgtgaatca tcgaatcttt gaacgcacat tgcgcccctt       480 

ggtattccag ggggcatgcc tgtttgagcg tcatttcctt ctcaaacatt ctgtttggta       540 

gtgagtgata ctctttggag ttaacttgaa attgctggcc ttttcattgg atgttttttt       600 

tccaaagaga ggtttctctg cgtgcttgag gtataatgca agtacggtcg ttttaggttt       660 

taccaactgc ggctaatctt ttttatactg agcgtattgg aacgttatcg ataagaagag       720 

agcgtctagg cgaacaatgt tcttaaagtt tgacctcaaa tcaggtagga gtacccgctg       780 

aacttaagca tatcataacc ccgaagaaaa aagaacaatt aaagaaattt aataattttg       840 

aaaatggatt tttttgtttt ggcaagagca tgagagcttt tacggggcaa gaaaaccaga       900 

gatggaaagt ccagcccggc ctgcgcttaa gtgcgcggtc ttgctaggct tgtaagtttc       960 

tttctggcta ttccaaacgg tgagagattt ctgtgctttt gttataggaa cattaaaacc      1020 

gtttcattac aacacactgt ggaatttttc aaatctttgc aactttttct ttgggcattc      1080 

aagcatccaa ggccacaaac caaacaattt tatttattcc ttaaattttt gttcaaaaca      1140 

ggaattttct aatgggaatt tttaaaaaat taaaaaactt tcaaggaact ttgggtttct      1200 

caccgttaaa aaagcaccca aatgcgtacc taagggggaa tggcaaaatc cggaaaacca .260 

aacctttaaa ccattggccc cctgggtatt ccggggggcg gcctttttaa gactttctct      1320 

tcacaaaatt ttgttggggg agagagaaac ctctcgggga attaaaggaa aattgcgcgc    1380 

cccttctccg aggaagtttt tttttccaaa aaaagatttt cttcccgctg tgttatatat      1440 

agaaccgaga aagcgcttgt gtgttttatt tttacacccg acgcgggccc cattttctaa      1500 

tttcaggggg gaggggaata ttatttttta aaagaaaaag gagcccgccg cccccaaagt    1560 

gttttttatt ttttttctct ttgggggata ccgcgattcc ctatatacat ttatgcaaaa      1620 

actggggtga aaaaaaaaca attatgaata ttttaaaaat ttgggggaat ttttgggggg      1680 

tttttggggg ttaagggg                                                    1698 

>180829-060_G17_16_ITS3.ab1 2035 (MB1) 

ataacggatt atattttgaa tggatttttt tttttgtttt ggcaagagca tgaaagcttt        60 

tactgggcaa gaagacaaga gatggagagt ccagccgggc ctgcgcttaa gtgcgcggtc    120 

ttgctaggct tgtaagtttc tttcttgcta ttccaaacgg tgagagattt ctgtgctttt       180 

gttataggac aattaaaacc gtttcaatac aacacactgt ggagtttttc atatctttgc       240 

aactttttct ttgggcattc gagcaatcgg ggcccagagg taacaaacac aaacaatttt       300 

atctattcat taaatttttg tcaaaaacaa aaattttcgt aactggaaat tttaaaatat       360 

taaaaacttt caacaacgga tctcttggtt ctcgcatcga tgaaaaacgc agcgaaatgc       420 

gatacgtaat gtgaattgca aaattccgtg aatcatcgaa tctttgaacg cacattgcgc       480 

cccttggtat tccagggggc atgcctgttt gagcgtcatt tccttctcaa acattctgtt       540 

tggtagtgag tgatactctt tggagttaac ttgaaattgc tggccttttt cattggatgt       600 

ttttttttcc aaaaaaaggt ttctctgcgt gcttgaggta taatgcaagt acggtcgttt       660 

taagttttac caactgcggc gaatcttttt ttatactgac cgtattggaa cgttatccat       720 

aaaaaaaaaa cgtctatgcg aacaaaattc ttaaaatttg acctcaaatc atgaaggagt       780 

acccacagag cttcccccgt tggtaaccca aagaaaaaga aaatattaaa ggaattttaa       840 

taaattttta aaaatggaat tttttttttt gttttggcca acaccaggaa aagcttttac       900 

tggggcaaga aggaccacaa gatgggatag tccaaaccag ggcccggcgc ttaaatgccc  960 

cggtccttgc taaggcttgg gaagttttct tttcttggct ttttccaaac cgggtgagaa      1020 
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gaatttcccg tggctttttg gttaaaaaga aaaaattaaa aacccttttc caattacaaa      1080 

caacccgtgg gaaagttttt ccaaaatctt ttgccaaact tttttccttt tgggaccatt      1140 

ccaaaccaat tccgggggcc caaaaaggtt aaccaaaacc ccgaaaccta tttttttatc      1200 

ttatttccct ttaaaatttt ttttttccaa aaaacccaaa aaagtttttc cttttaacgt      1260 

ggggaaaatt ttttaaaaaa aattttaaaa aaaaaccttt tcaaacaacc cggggaaccc      1320 

tttttggggg tttcccgggg ccaccctttt aaaaaaaaag gccccccccg aaaatttggc      1380 

ccaaatcccc gcaaaaattg ggggaaaaat tggggccaaa aaattttccc ggggggaaaa 1440 

atcccaccga aaaaaccctt ttttgaaaaa gccccaataa atttgggggg ccccccccct      1500 

tggggggttt tttacccccg gggggggggg ccctattgcc cccgtttttt ttaaaaagcc      1560 

cccctatttt ttcccccctt tcccccccaa aaaacctcct cccttttttg gggggaaaaa      1620 

agggggggaa aaaacccttt tggggggaaa aaatttttac aaaaagagaa attttggggg   1680 

gggcccccct tttttttttg gggggagaag gttttttttt tttcccccca aaaaaaaggg      1740 

gggttttttc ccccccgctt ttttccgaaa gaaattaaaa aggggggaca aaaaaggggt      1800 

tttttaaagg ttttaaacac cccgggggcc acaacccttt ttttaaaaaa aagggggggg      1860 

aaaaaacccc cttttttaaa aaaaaagttt ctcccccccc aaaaaggttt tttttaaaaa      1920 

atttcccccc aggggggaac cccccttttt ttctaaaaat aattttcaag ggggacaaac      1980 

gttttttttt aaaaataaaa ccggggtttt aaaaaaaaag gtgggtttta aagag           2035 
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ggcaatggga ttatattttg aatggatttt tttttttgtt ttggcaagag catgagagct        60 

tttacggggc aagaagacaa gagatggaga gtccagccgg gcctgcgctt aagtgcgcgg   120 

tcttgctagg cttgtaagtt tctttcttgc tattccaaac ggtgagagat ttctgtgctt       180 

ttgttatagg acaattaaaa ccgtttcaat acaacacact gtggagtttt tcatatcttt       240 

gcaacttttt ctttgggcat tcgagcaatc ggggcccaga ggtaacaaac acaaacaatt       300 

ttatctattc attaaatttt tgtcaaaaac aagaattttc gtaactggaa attttaaaat       360 

attaaaaact ttcaacaacg gatctcttgg ttctcgcatc gatgaagaac gcagcgaaat       420 

gcgatacgta atgtgaattg caaaattccg tgaatcatcg aatctttgaa cgcacattgc       480 

gccccttggt attccagggg gcatgcctgt ttgagcgtca tttccttctc aaacattctg       540 

tttggtagtg agtgatactc tttggagtta acttgaaatt gctggccttt ttcattggat       600 

gttttttttt ccaaaaaaag gtttctctgc gtgcttgagg tataatgcaa gtacggtcgt       660 

tttaggtttt accaactgcg gctaatcttt ttttatactg agcgtattgg aacgttatcg       720 

ataaaaaaag agcgtctagg caaacaatgt tcttaaagtt tgacctcaaa tcaggtagga       780 

gtacccgctg aacttaagca tatcataaac ccggagaaaa agaaaaaaaa aaaaatttaa    840 

aaattttgaa aatggaattt tttttttggt ttggccagag catgagagct tttacggggc       900 

aagaaaacaa gagatggaga gtccagcccg gcccgcgctt aaatgcgcgg tcttgctggg   960 

cttgtaattt tctttctggc tttcccaacg gtaaaagatt tctgtgcttt tgttatagga      1020 

cattaaaacc gttcaataca acacactgtg gatttttcaa atcttgccac tttttcttgg      1080 

gcattcaaca atcggggccc aaagtaacaa tccaaacttt tttaactttc cgtaaatttt      1140 

tttcaaaaca aaaattttct tactgaaatt ttaaaaatca agaaccttcc ccaccggacc      1200 

tttggattcc gccacggtga aaaaccgggg gattgcaaaa ttcggtaatg gaaaattcca      1260 

aaatagcccc ctggtatccg ggggggcccg tttgaaacct ttcctcacaa tttcttgggt      1320 

agggagaaac cccggaaaaa aaaaaaattc cccccttttc agggaatttt tttttccaaa      1380 

gaagtttttc tcccgggtat taaaaaaaag gaaagaaggg ttttggtttt tcacccccgc      1440 

cccccttttt ttaacggggg ggaaaatttt tttaaaaaaa aaaccccccc cccccccttt      1500 

tcgaattccc ccgtgaaccc tcaaaacttt ttttaataaa aaaataaata aaaaaatttt      1560 

ggggggggtt ttaaaggttt tttttttttt agttttta                              1598 
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gagcaacgag atgatatttt gaatggattt tttttttgtt ttggcaagag catgagagct        60 

tttactgggc aagaagacaa gagatggaga gtccagccgg gcctgcgctt aagtgcgcgg    120 

tcttgctagg cttgtaagtt tctttcttgc tattccaaac ggtgagagat ttctgtgctt       180 

ttgttatagg acaattaaaa ccgtttcaat acaacacact gtggagtttt catatctttg       240 

caactttttc tttgggcatt cgagcaatcg gggcccagag gtaacaaaca caaacaattt       300 

tatttattca ttaaattttt gtcaaaaaac aagaattttc gtaactggaa attttaaaat       360 

attaaaaact ttcaacaacg gatctcttgg ttctcgcatc gatgaaaaac gcagcgaaat       420 

gcgatacgta atgtgaattg caaaattccg tgaatcatcg aatctttgaa cgcacattgc       480 

gccccttggt attccagggg gcatgcctgt ttgagcgtca tttccttctc aaacattctg       540 

tttggtagtg agtgatactc tttggagtta acttgaaatt gctggccttt tcattggatg       600 

tttttttttt ccaaaaaaag gtttctctgc gtgcttgagg tataatgcaa gtacggtcgt       660 

tttaggtttt accaactgcg gctaatcttt ttttatactg accgtattgg aacgttatcg       720 

ataaaaaaag agcgtctagg cgaacaatgt tcttaaaatt tgacctcaaa tcaggtagga       780 

gtacccgctg aacttaagca tatcataacc cggaaaaaaa gaaaaataaa gaattttaat       840 

aattttgaaa atggattttt tttttgtttt ggcaagagca ggagagcttt tacggggcca       900 

gaaaaccgga gatggaaagt ccagccgggc cggcgcttaa atgcgcggtc ttgctgggct   960 

tgtaattttc tttcttgctt ttcccaaccg taaaaaaatt tcggggcttt tgttaaagaa      1020 

caataaaacc gtttcaatac aaccaccttg ggaattttca aatttttgca actttttctt      1080 

tgggccttca agcattcggg gccaaaagtt aacaaaccaa accatttttt ttattcttta      1140 

atttttttcc aaaaaacaga attttcccaa ccgggaattt taaaaattaa aaaactttcc      1200 

caaccggaac ctttgggttt ccggcccctt taaaaaaacc cccgaatggc catccaattg      1260 

ggaattgcaa aattccggga atccggaact ttttaagccg atgggggccc cggggtattc      1320 

ccggggttgc cccatttaaa gcctttttcc ctcccaaacc ctttttgggg aaaggggaaa      1380 

cccccgggaa attccggaag ttcgggcccc ttcccgggaa atttttttcc ccaaaagggt      1440 

ttccccccgt tggagaaaaa gagccacccg gtttttattt ttaaccccgg gccccacctt      1500 

tttaacccgg ggggggaaac cccttttgaa aaaggtgccc cccccaaact ttttttataa      1560 

caccctggaa ggaattacaa ctctaaaact taaattctcg ggggaaaggg cttttttttt      1620 

aaacccccgg aattattggg gaaaaaattt ttgggggggg aaat                       1664 


