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                                               ABSTRACT 
Pearl millet starch has featured in many foods recipes and industrial applications. However its 

use as a raw material in brewing has not received much attention. This work therefore sought to 

establish the suitability of pearl millet starch as a raw material substitute for barley in 

production of gluten-free beer. Two type of beer were produced, one with caramel and another 

without caramel. It is produced mainly from pearl millet grain (Pennisetum typhoideum) and the 

process of brewing involves malting, mashing, fermentation and packaging. Chemical analyses 

were carried out on both drinks, which not gave a significant (p≤0.05) difference. Pearl millet 

beer had a total acidity of 0.562±0.03, fixed acidity of 0.203±0.001, Volatile acidity 0.360±0.02, 

PH 3.92, specific gravity 1.042±0.003, total dissolved solids 1.12×105ppm, total suspended 

solids 1.65×105ppm, ethanol content of 4.45±0.03% respectively .The gelatinization temperature 

of pearl millet starch samples were determined and results ranged between 80 and 85°C. Other 

key parameters evaluated were wort perfect primaries, gravities and pH, attenuation limits, 

colour, and bitterness, Head retention (HR) and carbon dioxide (CO2) content of finished 

product were also determined. Results showed that the present gravities (PG), pH, bitterness 

(BU) and colour (EBC) obtained for the pearl millet starch  wort samples ranged from, 65.64-

68.36°P, 5.39 – 6.09 PH, 24.25 – 25.65BU and 4.25 – 5.65 EBC respectively. In addition to the 

above parameters, two additional parameters, original gravities (OG) and alcohol by volume 

(abv) were measured for the pearl millet starch green beer with the following results, (OG) 

58.24. – 60.78°P, (pH) 4.2 – 4.4, (BU) 20.5 – 19.6 BU, (abv) 4.45.6 – 4.56%. Results for head 

retention and carbon dioxide for finished products were, (HR) 77 – 83sec, (CO2) 3.08 – 3.43g/l. 

Sensory evaluation showed that the 25% pearl millet starch substituted  sample was the most 

preferred based on estery flavor, tingly mouth feel, colour and bitterness. The microbial count 

for pearl millet beer had no growth of E.coli, streptococcus and staphylococcus but aspergillus 

was present from the 4th day and heaviest on the 8th day. While the drink which was made of 

barely with the same processing method had growth of staphylococcus and aspergillus which 

was seen from the 2nd day and heaviest on the 4th day but E.coli and streptococcus was absent. 

From the results, the drink which was made of pearl millet could keep for a longer period of time 

than the barely beer. Thus, the grain nature could extend the shelf-life of pearl millet beer longer 

than the barely beer at normal circumstance brewed. 

Keywords: pearl millet, bitterness, colour, attenuation limit, Fermentation time, Head retention. 
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                                                                  CHAPTER ONE 

                                                                  1. Introduction  

1.1Background 

Beer is an alcoholic beverage made from cereals like barley, corn, rice, oat, sorghum, etc. and 

tuber crops like cassava. Beer is made by fermentation and has an alcohol content of 2 to 6 per 

cent. Today, over 70 styles of beer are available. Each style derives its unique characteristic from 

its ingredients and subtle differences in its brewing process. Different blends of barley malt, 

roasted barley, oat malt, caramel sugar and other cereals are used to prepare distinctive types of 

beer or ale. In the entire world intensive research is being done regarding the production of food 

suitable for coeliacs, but these – so far – have not covered beer production, even though adult 

coeliacs, who cannot consume this alcoholic drink due to the hordein content of barley, would 

demand its presence on the retail market. The solution is to find suitable raw materials that are 

guaranteed to be free of this protein fraction, as well as to elaborate and optimize a technology 

by the application of which chance of gluten contamination can be eliminated, and a product 

with acceptable flavour and quality may be done. 

Recently beer is the most popular alcoholic beverage in the world and the share market is risen 

up in Ethiopia every year. Among this, the low price beer made with adjunct was accounted at 

least 80% due to the economic problems made consumer chose them. Therefore, the low price 

beer is the favorite product and the alternative sources of carbohydrate are attractive for brewery. 

There are many attempts to produce beer from alternative cereal malts and adjuncts in order to 

attribute special characters of beer; for example, a white beer from wheat, dunkel weissbier from 

dark wheat malt with dark barley malt, African kaffir beer from sorghum malt, tesguino in 

central America from maize malt and zutho in India from rice malt, etc (Teramoto, Yoshida, and 

Seinosuke, 2000). The other important purpose was reduction of haze forming protein in barley 

beer and mong all of the alternative sources of carbohydrate for brewing, wheat is the most using 

cereal for wheat beer or weisen beer in Germany. 

 Celiac disease is a lifelong digestive disorder caused by a reaction to gliadin, a gluten protein 

found in wheat (and similar proteins of the tribe Triticeae which includes other cultivars such as 

barley and rye) and also known as gluten sensitive enteropathy (GSE). Upon exposure to gliadin, 
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the enzyme tissue transglutaminase modifies the protein, and the immune system cross-reacts 

with the bowel tissue, causing an inflammatory reaction. That leads to flattening of the lining of 

the small intestine. This interferes with the absorption of nutrients because the intestinal villi are 

responsible for absorption. One out of 133 people in the United States is affected with celiac 

disease and the only effective treatment is a lifelong gluten-free diet (Celiac disease foundation, 

www, 2009). In Europe and in Hungary as well it has an incidence of 1% in the population. 

Currently there is no licensed, inland product on the market. Since 2007 gluten-free beer is 

available from Austria and Italy on a very high price (600-1000 Hungarian Forint per bottle) 

through two Hungarian distributors. The first restaurant-pub where foreign-made gluten-free 

beer is served was opened in Pécs (South Hungary).Therefore, pearl millet beer could be one 

choice for the celiac patient and the technique for pearl millet beer production must be 

investigated under this research. 

In general, beer is found to have some medicinal values. It is found to increase the plasma HDL 

(High Density Lipoprotein) which is a scavenger of cholesterol and so can reduce risk of 

cardiovascular disease (Buemann et al., 2002) and also as a diuretic agent for treating urolithosis 

(kidney stone). Besides, it has also been used as a traditional medicine against cold, cough, loss 

of appetite, skin blemishes etc. Traditional brewing ingredients of beer are barley and rice. The 

beer industry depends to a great extent on agricultural products in which barley malt with or 

without adjuncts predominates as the chief raw material. Along with the development of the beer 

industry, these are insufficient resources. Pearl millet is a new potential substitute for barley or 

rice, which can resolve not only the ingredient problem, but also raise economic benefits. 
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1.2 General objective  

To develop gluten-free beer product from local pearl millet that can be consumed by Coeliacs 

problem people instead of beer made from barely.  

 

1.3 The Specific Objectives are  

 To evaluate the suitability of pearl millet starch for the production of gluten-free beer 

  To assess wort production and fermentability of the gluten-free beer from pearl millet. 

 To develop fermentation technology of pearl millet beer by using bottom fermenting yeasts. 

 

 To determine quality of gluten-free beer made from pearl millet as compared to that of beer 

made from barely. 

 To assess key quality indices such as foaming and head retention. 

 To determine the characteristics of pearl millet beer in terms of the major qualities and 

sensory quality. 

 To determine the shelf life of the pearl millet beer product.  

 

 To examine the microbiological quality of the pearl millet beer product. 

 

 To compare the nutritional value of the pear millet beer products with barely malted beer, 

consumed worldwide. 

 To Design and fabricate of equipments for the processing of gluten-free Beer. 

 

 To Study preliminary techno- economic feasibility of the project. 
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        1.4 STATEMENT OF THE PROBLEM 

Worldwide the brewing industry is becoming more competitive and constantly looking for ways 

to improve beer quality and reduce manufacturing costs. In tropical countries, barley has to be 

imported from other temperate countries and this involves expenditure of scarce foreign 

exchange. Pearl millet is a new potential substitute for barley which can be used as an alternate 

substrate and also raise economic benefits. With the continued increase in the Ethiopian and 

western African population great emphasis has been placed throughout the region on increasing 

the production of beer, improving their nutritional qualities. 

Celiac disease is a lifelong digestive disorder caused by a reaction to gliadin, a gluten protein 

found in wheat (and similar proteins of the tribe Triticeae which includes other cultivars such as 

barley and rye) and also known as gluten sensitive enteropathy (GSE). Upon exposure to gliadin, 

the enzyme tissue transglutaminase modifies the protein, and the immune system cross-reacts 

with the bowel tissue, causing an inflammatory reaction. 

That leads to flattening of the lining of the small intestine. This interferes with the absorption of 

nutrients because the intestinal villi are responsible for absorption. One out of 133 people in the 

United States is affected with celiac disease and the only effective treatment is a lifelong gluten-

free diet (Celiac disease foundation, www, 2009). Therefore, pearl millet beer could be one 

choice for the celiac patient and the technique for pearl millet beer production must be 

investigated under this research. 

There are other drivers, which have the potential to increase pearl millet usage. Very recent 

research efforts have concentrated on developing alternative beers and cereal-based beverages 

with the aim of fulfilling current consumer’s health needs and expectations.  Both traditional and 

non-traditional adjunct materials will in the future play an important role in their recipe 

formulations are gluten-free beers and health promoting functional beers Therefore, the 

fulfillment of this data would be necessary to perform and it will be useful for further brewing of 

100% pearl millet as a gluten-free beer for celiac patient. 
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  1.5 SIGNIFICANCE OF THE STUDY 

The beer made of Pearl millet and sorghum is highly valuable in semi-arid regions because of 

their short growing season and higher productivity under heat and drought conditions. Both pearl 

millet and sorghum grains are nutritionally comparable and even superior to major cereals with 

respect to protein, energy, vitamins and minerals. They are also a rich source of dietary fiber, 

photochemical and micronutrients. 

For commercial brewing much of the malt used in Ethiopia country is from barely. Since barely 

cultivation in Ethiopia region is not generally economically feasible, the barley malt used in 

mostly imported from overseas which makes it very expensive ,therefore pearl millet  could be 

an alternative for increasing malt  availability for both traditional and industrial use at low cost in 

Ethiopia. 

In nowadays, barley has been replaced by some locally grown cereals such as sorghum or guinea 

corn, millet and maize as the principal raw materials. Among this, the low price beer made with 

adjunct was accounted at least 80% due to the economic problems made consumer chose them. 

Therefore, the low price beer is the favorite product and the alternative sources of carbohydrate 

are attractive for brewery. Utilization of pearl millet and sorghum for novel product development 

will help in diversifying their use which will be beneficial for human health and increase profits 

to farmers. However, there is a need to popularize the new products developed from pearl millet 

beer. Worldwide, the brewing industry is registering growth in both volumes and profits year on 

year. The potential for the industry to grow has become unquestionable. The challenge however 

is how the industry can reduce production cost by the use of cheaper sources of raw materials 

such as malts and hops. Many brewing industries have taken remedial steps to accommodate the 

ever-soaring prices of these raw materials by the introduction of cheaper sources of 

carbohydrate. 
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                                                       CHAPTER TWO  

 

                                               2. LITERATURE REVIEW 

 

               2.1 GENERAL DESCRIPTION OF MILLET 

Millet, common name for several species of the grass family (see Grasses), and for their small-

seeded grain, which is used to make porridge and flatbreads or as food for livestock, (Fapurusi, 

1973).  It is an important food staple in most of the former Soviet republics, western Africa, and 

Asia, where it probably originated more than 5000 years ago. Because it ripens in 60 to 80 days, 

grows in less-fertile soils, and resists drought, it is widely cultivated in poorer agricultural areas, 

(Ettasoe, 1972). The millets usually contain less protein than wheat or rye and more protein than 

rice. Pearl millet is the tallest millet and has the largest grains, which appear on long spikes 

similar to those of cattails. It is a common food in Africa, India, and Asia and is grown as fodder 

and silage in the United States (Microsoft Encarta, 2008). 

 

Figure 1: pearl millet. 
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2.2 BOTANICAL CLASSIFICATION OF MILLET. 

Scientific classification of pearl millet 

Kingdom -    plantae 

Division   -     magnoliophyta 

Class        -     liliopsida 

Order       -     poales 

Family     -     panicoidee 

Genus      -      pennitetom 

Species    -     P. glacom   , Source ;(www.wiki.org/millet). 

2.3 PEST AND DISEASE OF PEARL MILLET  

The two major pest of pearl millet are grasshopper and armyworm. The other insect that affects 

the production of pearl millet are clinch and bugs. Common diseases of pearl millet that affect its 

production are mildew, bacteria blight, kernel, smote and leaf spots, (Kent, 1983). 

2.4 USES OF MILLET 

1. As a food source 

Millets are major food sources in arid and semi-arid regions of the world, and feature in the 

traditional cuisine of many others. In Western India, Sorghum (called "Jowar", "Jwaarie" or 

"Jondhahlaa" in Gujarati, HIndi and Marathi) has been commonly used with millet flour. Millet 

porridge is a traditional food in Russian, people with celiac disease can replace certain gluten-

containing cereals in their diets with millet. Millets are also used as bird and animal feed. 

 

 

 

http://www.wiki.org/millet�
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2. Alcoholic beverages 

Millets are traditionally important grains used in brewing millet beer in some cultures, for 

instance by the Tao people of Orchid Island, Taiwan, and, along with sorghum, by various 

peoples in East Africa. 

 For example, Millet beer in Cameroon. 

3. Millet, along with birdseed, is commonly used as fillings for juggling beanbags. 

4. Millet is widely popular as a treat/food for the domesticated pet Parakeet/Budgerigar. 

5. Nutrition: The protein content in millet is very close to that of wheat; both provide about 11% 

protein by weight. Millets are rich in B vitamins, especially niacin, B6 and folic acid, calcium, 

iron, potassium, magnesium, and zinc. Millets contain no gluten, so they are not suitable for 

raised bread (Crawford, 1999). When combined with wheat, (or xanthan gum for those who have 

celiac disease), they can be used for raised bread. Alone, they are suited for flatbread. 

2.5 GENERAL CHARACTERISTICS OF CEREALS 

1. They are all plant seeds and as such contain a large centrally located starchy endosperm which 

also is rich in protein. 

2. A protective outer coat consisting of two or three layers of fibrous tissue, and an embryo or 

germ usually located near the bottom of the seed. 

3. Except for two amino acids, lysine and tryptophan, most cereals contain the essential amino 

acids required by man as well as vitamins and minerals (Ihekoronye, 1995). 

 Major Cereals grown In Africa; 

Rice; Oryza sativa 

Wheat; Triticum aestivum 

Barley; Hordeum vulgara 

Oat; Avena sterilis  

Great millet; Sorghum vulgare 

Pearl millet; Pennisetum typhoideum (Dutta, A.C, 2005).  
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2.6 GENERAL DESCRIPTION OF PEARL MILLET 

Sorghum, great millet or guinea corn (sorghum bicolor) is the world’s third important food grain 
being exceeded in the utilization for food by wheat and rice (Ihekoronye et al., 1995). The 
species can grow in arid soils and withstand prolonged droughts. It has four features which make 
it one of the most droughts resistant crops of all (Kent, 1983). 

1. It has a very large root-to-leaf surface area. 

2. In times of drought it will roll its leaves to lessen water-loss by transpiration. 

3. If drought continues it will go into dormancy rather than dying. 

4. Its leaves are protected by a waxy cuticle (Moench, L. 2008). 

2.7 BREWING  

2.7.1 HISTORY OF BREWING 

Beer is one of the world's oldest prepared beverages, possibly dating back to the early 

Neolithic or 9000 BC, and is recorded in the written history of ancient Egypt and Mesopotamia  

(Michael et al, 2004). A beer made from rice, which, unlike sake, didn't use the amylolytic 

process, and was probably prepared for fermentation by mastication or malting (Arnold, 

2000) was made in China around 7,000 BC (Richard, W et al, 2004). 

As almost any substance containing carbohydrates, mainly sugars or starch, can naturally 

undergo fermentation, it is likely that beer-like beverages were independently invented among 

various cultures throughout the world. The invention of bread and beer has been argued to be 

responsible for humanity's ability to develop technology and build civilization (Mirsky Steve, 

2007; Dombusch, 2006; Protz, 2004). 

Beer was spread through Europe by Germanic and Celtic tribes as far back as 3000 BC, and it 

was mainly brewed on a domestic scale (John, P et al, 2005). The product that the early 

Europeans drank might not be recognized as beer by most people today. Alongside the basic 

starch source, the early European beers might contain fruits, honey, numerous types of plants, 

spices and other substances such as narcotic herbs, (Nelson, M. 2005).   
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Today, the brewing industry is a global business, consisting of several dominant multinational 

companies and many thousands of smaller producers ranging from brewpubs to regional 

breweries. As of 2006, more than 133 billion liters (35 billion gallons), the equivalent of a cube 

510 meters on a side, of beer are sold per year, producing total global revenues of $294.5 billion 

(£147.7 billion).  

2.7.2   BREWING PROCESSES. 

 The first step in brewing, called malting, involves steeping the grain in water for several days 

until it begins to germinate, or sprout. During germination, enzymes within the grain convert the 

hard, starchy interior of the grain to a type of sugar called maltose, (Kneen, 1944). At this point, 

the grain is called malt. After several days, when the majority of the starch has been converted to 

sugar, the malt is heated and dried. This process, called kilning, stops the malt from germinating 

any further. A portion of the malt may be further roasted to varying depths of color and flavor to 

create different styles of beer (Gold hammer T.et al; 2008). 

After kilning, the dried malt is processed in a mill, which cracks the husks (the outer coating of 

the grain). The cracked malt is transferred to a container called a mash tun, and hot water is 

added. The malt steeps in the liquid, usually for one to two hours. This process called mashing, 

breaks down the complex sugars in the grain and releases them in the water, producing sweet 

liquid called wort. The temperature and amount of time used to mash the malt affects the body 

and flavor of the finished beer (Ault, R. et al; 1971) 

In the next step, called brewing, the wort is transferred to a large brew kettle and boiled for up to 

two hours. Boiling effectively sterilizes the wort to kill any bacteria that may spoil the wort 

during fermentation. During this stage of the brewing process, hops are added to the wort to 

provide a spicy flavor and bitterness that balances the sweetness of the wort. The types of hops 

used and the length of time they are boiled are determined by the style of beer being made 

(Edward, H. et al; 1977). To produce a beer with a stronger, bitterer flavor, hops are boiled for at 

least 30 minutes and often longer. This enables the bitter oils in the hops to fully infuse into the 

wort (Gold hammer Ted, 2008).Other ingredients may also be used to influence the flavor of the 

finished beer. For example, brewers of pale and light-bodied beers often add other cereal grains, 

such as corn and rice, to achieve the desired lightness in their product. Many large American 

breweries add corn and rice that has first been cooked to a gel-like consistency. This gives the 
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beer a lighter color and body and a more mellow taste than beers produced from barley alone 

(Gutcho, 1976).After brewing, the wort is cooled and then strained to remove the hop leaves and 

other residue. The brewer transfers the wort to a container in which it can ferment. This vessel 

may be a deep, flat container with an open top or a tall cylindrical vat with a conical base 

(Hammond, J.et al; 1993). Yeast is then added or pitched into the wort to begin fermentation. 

Saccharomyces cerevisiae floats on top of the liquid as it ferments the grain sugars and prefers 

warm temperatures ranging from 16° to 22° C (60° to 72° F). Saccharomyces uvarum sinks to 

the bottom of the liquid and ferments best at cool temperatures ranging from 3° to 10° C (38° to 

50° F). The first fermentation lasts from a few days to two weeks. When the yeast has consumed 

most of the fermentable sugar, the wort becomes beer (Gold hammer, Ted 2008). 

The beer is transferred to an airtight container, called a conditioning tank, for a second 

fermentation or aging period, where the beer becomes naturally carbonated (Ault, R. et al; 1971). 

Some brewers inject carbon dioxide gas into the beer when aging is complete to give it a bubbly, 

effervescent quality. Aging lasts for a few weeks to several months, depending on the type of 

beer being produced. 

After aging, the beer may appear somewhat cloudy from yeast cells and other particles that 

remain suspended in the liquid. The most common method of removing these impurities is 

filtration, a process in which the finished beer is pumped, under pressure, through a sterile 

filtering system that traps nearly all of the suspended particles from the liquid, resulting in a clear 

liquid (Ault, R. et al; 1971). Even after filtration, however, some yeast may remain in the beer. 

To kill the remaining yeast, the beer is pasteurized, or heated to 82° C (180° F) after it has been 

sealed in cans or bottles. Draught beer, which is stored in metal kegs, usually is not pasteurized 

and must be kept refrigerated to prevent it from spoiling. Some brewers and beer drinkers believe 

that filtering and pasteurizing beer robs it of much of its original flavor and character. 
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2.7.3 INDIGENOUS BREWING PROCESS: 

In indigenous brewing process the following stages has been elaborated: 

(i)   Malting 

(ii)  Souring 

(iii) Mashing 

(iv)  Straining 

(v)  Alcoholic fermentation. 

Malting simply means steeping grains for several days, drying and milling it. Amylytic enzymes 

are produced during the germination process of the grain. This leads to the breakdown of the 

grain starches to sugars (Ekundayo, 1969). The sugars are conventionally fermented to lactic 

acid by the lactobacilli without the yeast. During alcoholic fermentation; yeast converts the 

sugars to alcohol which becomes the beer. Unlike the western brewing process the production of 

sorghum and millet beers involves two fermentation types; firstly the lactic acid and secondly the 

alcoholic fermentation (Okafor, 1987). The souring taste of our indigenous beer can be traced to 

the lactic acid fermentation occurring on them, this also controls many features of the subsequent 

mashing and alcoholic fermentation (Hamad, 1978).Also unlike the western brewery, during 

alcoholic fermentation many solids as well as yeast are suspended in the beer solution. Brewers 

sell the beer while it is still fermenting and frothing. Lack of pasteurization of our indigenous 

beers results in the domination of pH resistant microbes after straining and continues to grow and 

replicate in the beer solution leading to its quick deterioration. 

2.8 RAW MATERIALS FOR BREWING.  

The basic ingredients of beer are water; a starch source, such as malted barley, able to be 

fermented (converted into alcohol); a brewer's yeast to produce the fermentation; and a 

flavouring such as hops (Micheal, 2004) A mixture of starch sources may be used, with a 

secondary starch source, such as maize (corn), rice or sugar, often being termed an adjunct, 

especially when used as a lower-cost substitute for malted barley, (Michael Jackson, 2008).   
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2.8.1. STARCH SOURCE 

The starch source in a beer provides the fermentable material and is a key determinant of the 

strength and flavour of the beer. The most common starch source used in beer is malted grain. 

Grain is malted by soaking it in water, allowing it to begin germination, and then drying the 

partially germinated grain in a kiln, (Ault, et al, 1971). 

Nearly all beer includes barley malt as the majority of the starch. This is because of its fibrous 

husk, which is not only important in the sparging stage of brewing (in which water is washed 

over the mashed barley grains to form the wort), but also as a rich source of amylase, a 

digestive enzyme which facilitates conversion of starch into sugars. The barley grain even before 

malting contains very high amounts of beta-amylase unlike wheat, rice and sorghum (Okafor, 

2007). In recent years, a few brewers have produced gluten-free beer made with sorghum with 

no barley malt rye (Smagalski, 2006).  

2.8.2. ADJUNCTS. 

Adjuncts are starchy materials which were originally introduced because the six-row barley 

varieties grown in the United States produced malt that had more diastatic power (i.e., amylases) 

than was required to hydrolyze the starch in the malt. The term has since come to include 

materials other than would be hydrolyzed by amylase. For example the term now includes sugars 

(e.g. sucrose) added to increase the alcoholic content of the beer. Starchy adjuncts, which usually 

contain little protein, contribute, after their hydrolysis, to fermentable sugars which in turn 

increase the alcoholic content of the beverage (Okafor, 2007). 

2.8.3 WATER  

The mineral and ionic content and the pH of the water have profound effects on the type of beer 

produced. Some ions are undesirable in brewing water: nitrates slow down fermentation, while 

iron destroys the colloidal stability of beer. In general, calcium leads to a better flavor than 

magnesium and sodium ions. The pH of the water and that of malt extract produced with it 

controls the various enzyme systems in malt, the degree of extraction of soluble materials from 

the malt, the solution of tannins, isomerization rate of  hop humulone and the stability of the beer 

itself and the foam on it (Okafor, 2007). For example, Dublin has hard water i.e., large calcium 

and bicarbonate ions content, well suited to making stout(Hough et al,1985), such as Guinness; 
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while Pilzen has soft water(low in minerals)  well suited to making pale lager, such as Pilsner 

Urquell. The waters of Burton in England contain gypsum, which benefits making pale ale to 

such a degree that brewers of pale ales will add gypsum to the local water in a process known as 

Burtonisation (Michael Jackson and Beerhunter, 1991).  

2.8.4 HOPS 

 

 Fig 2; Hop cone in a Hallertau, Germany, hop yard. 

Hops are dried cone-shaped female flower of hop-plant Humulus lupulus (synomyn: H. 

americanus, H.heomexicams, H. cordifolius). It is a temperate crop and grows wild in the 

northern parts of Europe, Asia and North America (Ashurt, P.R. 1971). It is botanically related to 

the genus cannabis, whose only representative is cannabis sativa (Okafor, 2007).The importance 

of hops in brewing lies in its resins which provide the precursors of bitter principles in beer and 

the essential (volatile) oils which provide the hop aroma (Grant, Herbet L. 1995)  Both the resin 

and the essential oils are lodged in lupulin gland borne on flowers. 

2.8.5 YEAST  

Yeast is the microorganism that is responsible for fermentation in beer. Yeast metabolizes the 

sugars extracted from grains, which produces alcohol and carbon dioxide, and thereby 

turns wort into beer.  In addition to fermenting the beer, yeast influences the character and 

flavour (Okafor, 1987).  The dominant types of yeast used to make beer are ale yeast 

(saccharomyces cerevisiae) and lager yeast (saccharomyces uvarum); their use 

distinguishes ale and lager. 
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2.8.6 BREWER’S YEAST 

Yeast in general will produce alcohol from sugars under anaerobic conditions but not all yeast 

are necessary suitable for brewing. Brewing yeast is able, besides producing alcohol, to produce 

from wort sugars and proteins a balanced portion of esters, acids, higher alcohols, and ketones 

which contribute to the peculiar flavor of beer, (Boulton, C. 1991). 

2.9 ALCOHOLIC FERMENTATION 

The anaerobic fermentation is the basis of the beer and wine industry. The anaerobic metabolism 

of glucose does not require the mitochondria. In yeast and other microorganisms, the reactions of 

glycolysis up to pyruvate formation are identical to those described for anaerobic glycolysis and 

the difference occurs only in its terminal steps. In contrast to animals, which utilize lactate 

dehydrogenase reaction for the re-oxidation of NADH to generate NAD+, the yeast cells 

(saccharomyces sp) utilize two enzymatic reactions for the purpose, as lactate dehydrogenase is 

not found in them; In the first step, the pyruvate resulting from glucose breakdown is 

decarboxylated by the action of pyruvate decarboxylase (=2 oxo acid carboxylase) to produce 

acetaldehyde and carbon dioxide (CO2). This is an irreversible reaction and does not involve the 

net oxidation of pyruvate (Jain, J.L. et al, 2007). 

CH3—C—COO-   + H+                                                    CH3—C—H + CO2 

           O                                                                       O 

      (Pyruvate)                                                   (Acetaldehyde) 

 In the second and final step, acetaldehyde is reduced to ethanol by NADH, derived from 

glyceraldehydes-3-phosphate dehydrogenase reaction, i.e., step 6 of glycolysis, through the 

catalytic action of alcohol dehydrogenase (ADH). This is a reversible oxidation-reduction 

reaction. 

CH3—C—H + NADH + H+                                        CH3 –CH2OH + NAD+ 

             O                                                                                                                                                                                              

(ethanol)                                                                    (Acetaldehyde) 
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The yeast ADH (MW=151,000) is an NAD-dependent enzyme and contains a zinc ion at its 

active site. The conversion of glucose into ethanol is known as alcohol fermentation. Thus, 

ethanol and CO2 instead of lactate is the end product of this process. 

The net equation for alcohol fermentation would be; 

Glucose + 2Pi + 2ADP             2Ethanol + 2CO2 + 2ATP + 2H2O 

2.9.1 TOP FERMENTATION 

This is used in the U.K for the production of stout and ale, using strains of Saccharomyces 

cerevisiae. The wort is introduced into the fermenting bin and the yeast is pitched in at a rate 

suitable for the desire temperature. The entire fermentation takes about six days. Yeast floats to 

the top during this period; they are scooped off and used for future pitching. 

 2.9.2 BOTTOM FERMENTATION. 

Special beer yeast of the strain Saccharomyces uvarum is used for the pitching of the cooled 

wort, (Okafor, 2007). The pitching yeast ordinarily has been recovered from a previous 

fermentation. The wort during the fermentation varies in different breweries but is usually in the 

range from 3.3-14oC. The fermentation is complete within 8-10days.The clear green beer may be 

processed further before packaging. Among such processes may include  

 Blending down the high gravity to sales gravity.  

 Incorporation of C02 to the specified levels.  

 Correcting the bitterness by the addition of pre isomerised hops.  

 Allowing the green beer to undergo maturation.  

 

2.9.3 POST FERMENTATION TREATMENTS  

Beer run from the fermentor is not ready for drinking because it contains suspended particles and 

is therefore hazy, lack sufficient carbonation, the flavour is not fully matured, it is physically and 

microbiologically unstable and flavour and colour may need to be adjusted (Lewis, and Young, 

1995). It requires a variety of treatments before it is dispatched from the brewery.           
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2.9.4 DIACETYL CONTROL 

An important question for brewers is "When exactly is a beer mature?", because this determines 

when they can "rack" the beer to make way for the next batch. The simple answer to the above 

question is when the diacetyl level drops below a certain limit (about 0.07 ppm). Diacetyl gives 

beer an off-flavour like buttermilk and one of the main reasons for maturing a beer is to allow the 

diacetyl to drop to a level where it can't be tasted. Diacetyl is formed by the non-enzymatic 

oxidative decarboxylation of α-acetolactate, which is produced by the yeast during primary 

fermentation. The yeast removes the diacetyl again during the beer maturation stage by 

conversion to acetoin, which has a much higher flavour threshold value. In fact, acetoin is almost 

tasteless compared with diacetyl. 

By adding the enzyme α-acetolactate decarboxylase (ALDC) (e.g. Novozymes' Maturex) at the 

beginning of the primary fermentation process, it is possible to bypass the diacetyl step (Figure 

7) and convert α-acetolactate directly into acetoin. Most of the α-acetolactate is degraded before 

it has a chance to oxidise and less diacetyl is therefore formed. This makes it possible to shorten 

or completely eliminate the maturation period (3) and (4). The brewery enjoys greater 

fermentation and maturation capacity without investing in new equipment. 

 

Figure 7. The removal of α-acetolactate during fermentation.  
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 2.9.5 SPOILAGE 

The reduced useful life of our local beer is as a result of microbial contamination introduced into 

the wort by the fermenting wort. Microbial growth can also be favored by low temperature 

during alcoholic fermentation and its unpackaged distribution. Conversely pasteurization would 

improve the keep ability of these beers by enhancing their shelf life and destroying the spoilage 

microbes, this process is virtually not applicable in our large scale indigenous beer production. 

Consequently as a result of this short coming in our local brewing, the keep ability of these beers 

is greatly retarded to about 1-5 days unlike the western brewed beers. 

2.9.6 MICROORGANISMS THAT DETERIORATE BEER 

1. Bacteria 

2. Mold 

3. Wild yeast. 

  2.9.7 PACKAGING 

The beer is transferred to pressure tanks where it is distributed to cans, bottles and other 

containers. The beer is not allowed to come in contact with oxygen during this operation; it is 

also not allowed to lose CO2 or to become contaminated with microorganism. Bottles are 

thoroughly washed with hot water and sodium hydroxide before being filled. The filled and 

crowed bottles are passed through a pasteurizer. This method of pasteurization sometimes causes 

hazes. 

2. 10 TYPES OF BEER. 

1. Bock Beer:  

 A very dark beer with high alcohol content. Brewing involves the addition of higher 

concentrations of malt and hops followed by longer ageing. It is brewed in winter for use 

in spring. 

2. Pilsener: 

 This is a lager-beer, light in colour, containing little remaining fermentable 

carbohydrates. This is a term often seen on beer labels around the world. The original and 

true pilsner beer is the pilsner urquell brewed at Plzen in Bohemia. 
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3. Ale: 

 It is an aromatic, golden, fuller-bodied and bitterer malt beverage with slightly higher 

alcohol content than beer. All ales are “top-fermenting brews”. 

4. Lager: 

Lager is the English name for cool fermenting beers of Central European origin. 

Generally understood to be a light bright sparkling beer but today all malt beverages are 

lagered. All lager beers are “bottom fermenting brews”. 

5. Stout: 

Stout and porter are dark beers made using roasted malts or roast barley, and typically 

brewed with slow fermenting yeast. It is sweetie than ale and has a strong character. 

6. Sake: 

A Japanese brew made from rice, which is given a high alcoholic content by re-

fermentation. The difference between light and dark coloured beer stems from the 

amount of kilning or roasting of the barley malt. The more it is roasted, the darker it 

becomes and the greater is the caramelization of its sugars. Thus, the darker the brew, the 

sweeter it will be (Harold, 1995). The raw material for brewing European beer is barley, a 

temperate crop. 

 2.10.2 INDIGENOUS BEERS 

The brewing of beer is a common practice among Africans in rural areas. Varieties and types of 

beer depend on local customs and resources. The commonest cereal used is Sorghum bicolor 

known in the United States as “milo”, tella in Ethiopian beer, in South Africa as “kaffir corn” 

and in some parts of West Africa as ‘Guinea corn’, (Ekundayo, 1969). The sorghum is 

sometimes mixed with millets (Pennisetum species) or maize (Zea mays). 
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1. Tella  

Talla is an Ethiopian home-brewed beer which differs from the others in some respects. First 

it is brewed with barley or wheat, hops, or spices. Secondly, it has a smoky flavour due to the 

addition of bread darkened by baking and use of a fermentation vessel which has been 

smoked by inversion over smoldering wood. Talla is not processed under government 

regulations hence the alcohol content varies but is usually around 2% to 4%. Filtered tella has 

a higher alcohol content ranging from 5% to 6%.  

2. Tej 

Tej (indigenous honey wine) is a home-processed, but also commercially available honey 

wine. It is prepared from honey, water and leaves of Gesho. Sometimes, widely for 

commercial purposes, mixture of honey and sugar could be used for its preparation. In cases 

where sugar is used as part of the substrate, natural food colouring is added so that the 

beverage attains a yellow colour similar to that made from honey. Good quality tej is yellow, 

sweet, effervescent and cloudy due to the content of yeasts. A study found that the mean 

alcohol content of tej was between 6.98% and 10.9%.8 another study found that the average 

alcohol content of tej was 6.07%.  

3. Araki 

Araki is a distilled beverage. Ground gesho leaves and water are kept for three to four days 

and after that a kita made of tef or other cereals and germinated barley or wheat are added. 

The mixture is allowed to ferment for five to six days and then distilled. In the villages 

distillation is carried out with primitive equipment made of gourds and wood. The local beer 

tella can also be distilled to produce araqe. The araki can be redistilled and will then have 

higher alcohol content. The average alcohol content of dagim araki is around 45%. The term 

dagim in Amharic refers to ‘second time’ and indicates that it is distilled a second time. 

Araki is brewed in rural and semi-urban areas and is used more commonly by farmers and 

semi-urban dwellers than by people who live in the cities. In cities, those who drink araki are 

predominantly lower class people or those who have become dependent upon alcohol and 

cannot afford to buy industrially produced alcohol. Since the government has no control over 

production of locally brewed alcoholic drinks, it is difficult to estimate the amount of alcohol 
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production and consumption in Ethiopia. Other alcoholic beverages to be found are borde 

(local beer) and katikala (a homemade distilled drink from maize or millet). 

4. Pito 

Pito is the traditional beverage drink of the Binis in the mid-western part of Nigeria. It is now 

very popularly consumed throughout Nigeria owing to its refreshing nature and low price. Pito is 

also widely consumed in Ghana. The preparation of pito involves soaking cereal grains (maize, 

sorghum or a combination of both) in water for 2 days, followed by malting, and allowing them 

to sit for 5 days in baskets lined with moistened banana leaves. The malted grains are ground 

mixed with water and boiled. The resulting mash is allowed to cool and later filtered through a 

fine mesh basket. The filtrate thus obtained is allowed to stand overnight, or until it assumes a 

slightly sour flavour, following which it is boiled to a concentrate. A starter from the previous 

brew is added to the cooled concentrate which is again allowed to ferment overnight. Pito, the 

product thus obtained, is a dark brown liquid which varies in taste from sweet to bitter. It 

contains lactic acid, sugars, amino acids and has an alcohol content of 3% (Ekundayo, 1969). 

Organisms responsible for souring include Geotrichum candidum and Lactobacillus sp. while 

Candida sp. are responsible for the alcoholic fermentation, (Ekundayo, 1969). 

5. Burukutu 

This is a popular alcoholic beverage of a vinegar-like flavour, consumed in the Northern Guinea 

savanna region of Nigeria, in the Republic of Benin and in Ghana. The preparation of burukutu 

involves steeping sorghum grains in water overnight, following which excess water is drained. 

The grains are then spread out on to a mat or tray, covered with banana leaves and allowed to 

germinate. During the germination process, the grains are watered on alternate days and turned 

over at intervals. Germination continues for 4-5 days until the plumule attains a certain length. 

The malted grains are spread out in the sun to dry for 1-2 days, following which the dried malt is 

ground into a powder. Garri, (a farinaceous fermented cassava product) is added to a mixture of 

the ground malt and water in a ratio of one part gari to two parts malt and six parts water. The 

resulting mixture is allowed to ferment for 2 days, following which it is boiled for approximately 

4 hrs and allowed to mature for a further 2 days. The resulting product is a cloudy alcoholic 

beverage, (Fapurusi, 1971).Sorghum malt contains primarily yeasts and moulds as the 
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indigenous microflora. Microorganisms associated with the fermentation include yeasts mainly 

Saccharomyces cerevisiae and S. chavelieri and the bacteria, Leuconostoc meseteroides. 

The pH of the fermenting mixture decreases from about 6.4 to 4.2 within 24 hrs of fermentation 

and decreases further to 3.7 after 48 hrs. At the termination of the 2-day maturing period 

Acetobacter sp. and Candida sp. (Faparusi et al., 1973) are the dominant microorganisms. 

Boiling prior to maturation eliminates lactics and other yeasts. Fully matured burukutu beer has 

an acetic acid content which varies between 0.4 and 0.6%. 

6. Kunu 

This is a millet-based non-alcoholic fermented beverage widely consumed in the Northern parts 

of Nigeria. This beverage is however becoming more widely consumed in southern Nigeria, 

owing to its refreshing qualities. Adeyemi & Umar (1994), described the traditional process for 

the manufacture of kunu-zaki. This process involves the steeping of millet grains, wet milling 

with spices (ginger, cloves, and pepper), wet sieving and partial gelatinization of the slurry, 

followed by the addition of sugar, and bottling (Figure 9). The fermentation which occurs briefly 

during steeping of the grains in water over an 8-48 hr period is known to involve mainly lactic 

acid bacteria and yeasts. 

7. Shamit  

Shamit is the local beer made among the Gurage ethnic group. Tef, kita and germinated barley 

(bekel) are milled and mixed with water, and the mixture is sieved after three to four days of 

fermentation. Dehusked barley is toasted on the mitad, milled and added to the mixture, and the 

beverage is ready to serve the next day, when Ethiopian cardamom, mitmitta, black cummin and 

bishop's weed are added.  
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Dehulled millet grains 
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Steep 

 
Wet mill with the addition of spices 

 
Wet-sieve 

 
Allow to settle 

 
Decant supernatant and retain slurry 

 
Slurry in cold water + Slurry in boiling water 

 
Add sweetener and mix 

 
Bottle 

 
KUNU-ZAKI 

 

 

 

Fig.8: Flow Chart for the Traditional Process of Kunu-zaki. 
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2.11 EFFECTS OF ALCOHOL ON MAN 

2.11. 1 ALCOHOL AND HEALTH 

The main active ingredient of beer is alcohol, and therefore, the health effects of alcohol apply to 

beer. The moderate consumption of alcohol, including beer, is associated with a decreased risk of 

cardiac disease, stroke and cognitive decline (Stampfer, M.J, 2005). The long-term effects of 

alcohol abuse, however, include the risk of developing alcoholism and alcoholic liver disease. 

High ethanol consumption over the years leads to liver damage. For healthy man, the limit is 

about 60g per day and for women 50g. However, these values are strongly dependent on body 

weight, health status and other factors. Ethanol related high levels of NADH+H+ and acetyl-coA 

in the liver leads to increase syntheses of neutral fats and cholesterol. However, since the exports 

of these in the form of VLDLs is reduced due to alcohol, storage of lipids occur (fatty liver). This 

increase in the fat content of the liver (from less than 5% to more than 50% of the dry weight) is 

initially reversible. However in chronic alcoholism, the hepatocytes are increasingly replaced by 

connective tissue. When liver cirrhosis occurs, the damage to the liver finally reaches an 

irreversible stage, characterized by progressive loss of liver functions (Koolman, J and Roehm, 

K.H.2005).  

Brewer's yeast is known to be a rich source of nutrients; therefore, as expected, beer can contain 

significant amount of nutrients, including magnesium, selenium, potassium, phosphorous, biotin 

and B vitamins. In fact, beer is sometimes referred to as ‘liquid bread’. Some sources maintain 

that filtered beer loses much of its nutrition. 
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                                                     CHAPTER THREE 

3. MATERIALS, EQUIPMENTS AND METHODS. 

The experiment for production of gluten-free beer from pearl millet based on European brewing 

technology, physico-chemical analysis, microbiological analysis and sensory quality evaluation 

were conducted in BGI-Ethiopia PLC St.George Brewery ; Assela malt factory laboratories. 

Proximate composition was conducted at Assela malt factory analytical laboratory. 

 Variety of  pearl millet (pennisetum glaucum (L.)R.Br.);{ Kola 1} was obtained and transported 

from Melikasa Agricultural Research Centre (MARC),which was released from 2007 seasons  

and local Assela malt from Assela malt factory. MARC is located 170 km South East of Addis 

Ababa with 8o44’N, 38o58’E. Its altitude is 1860 meter above sea level and it receives an annual 

rainfall ranging from 412.9 to 926.9 milliliters with annual mean of 682.08 ml. The temperature 

of this location ranges from 11.23oC to 25.19oC with mean annual temperature of 19oC. 

3. 1MATERIALS. 

 The cereal was grown in Melikasa Research Institute of Ethiopia and harvested in 2007and 

Samples of millet variety was used as the starting material for making of millet beer and taken 

20kg of pearl millet, 35 liters of distilled water, brewery yeast which was obtained from St. 

George brewery Addis Ababa. 

3.2 CHEMICALS AND REAGENTS 

All the reagents and standard used in this work were of analytical grade. The methods used in 

this work for the various determinations of the samples are the standard methods.  

3.3 PREPARATION OF SAMPLES 

The pearl millet grain used for the preparation of modern pearl millet (gluten-free) beer was 

obtained from melikas research institute (KOLA 1, 2007) and these pearl millet cultivars was 

used because it is an improved version. High sugar contents, and high amylase activety, and 

generally it have good malting properties and also has suitable for the production of gluten-free 

beer. A hop, yeast (Saccharomyces cerevisiae) was also obtained from BGI-Ethiopia, St.George 

Brewery. 
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 3. 4   FRAMEWORK OF THE EXPERIMENT 
 

 

   

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

      

                Figure 8.Structure of the Experimental analysis to be carried out in this thesis                                            
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      3.5 QUALITY ANALYSES FOR MILLET MALT 

As a beginning of my work qualification of cereal grains was done according to examinations 

created for barley specification. Tested grains were compared to barley grains based on moisture 

content, grading, hectoliter weight, protein content and germinating capacity, since these values 

affect most the process of malting and mashing, where high starch (70-75%) and low protein 

contents (10-12%) are required.  

 

 3.5.1 Moisture content of unmalted and malted pearl millet (EBC Method 3.2, 1997).                         

Moisture content was determined by finely milling 20.0 g of unmalted pearl millet using Disc 

Mill (Bϋhler, Braunschweig, Germany), which was set at 0.2 mm.  

The sample was mixed thoroughly and 5.0 g was immediately placed in a clean, dry moisture 

dish, which had been tarred to 0.001 g. The dish was covered and weighed to 0.001 g. The lid 

was then removed and together with the dish (which contained the sample) was placed in an 

oven, which had been preheated to 105 
o
C for 3 hrs. 

 The dish was then covered with the lid and the set removed from the oven, placed in a dessicator 

and cooled to room temperature for 25 mins. The dish and content were then reweighed on an 

analytical balance. Triplicate determinations were carried out for each malted and unmalted. The 

moisture content was calculated as a percentage of the initial weight of sample. Moisture of the 

malted pearl millet was also determined using the same method. 

3.5.2 Germination Energy- Shonfield Method. (EBC Method 3.6.3, 1997)                     

Two lots of cleaned 500 pearl millet grains were obtained. Each lot of 500 grains was transferred 

into a funnel standing in tap water (to ensure complete flooding of the grains) at 20 
o
C. The 

water was removed after steeping for 3 hours. The grains were covered with what mans No. 4 

filter papers and the funnel itself covered with a glass plate. The steeping was repeated for 2 

hours after 20 hours from the beginning of the test. The grains were again covered with filter 

paper and the funnel with glass plate. After 72 hours from the beginning of the test, the funnels 

were emptied and the number of non-germinated grains counted. Average result of the two 



28 
 

counts (of the lots) after 72 hours was obtained. The formula below was used to calculate the 

Germination Energy (GE):  

Germinative Energy (GE) = (500-N)/5  

Where:  

N = number of non-germinated grains after 3 consecutive days.  

NB: results is reported as = a % (schonfield method 3 days).  

This method was applied to each of the unmalted pearl millet varieties. 

 

3.5.3 Germination Capacity (EBC Method 3.5.2, 2004)     

This is an attempt to quantify the percentage of viable grains within a sample. 200 uniform sized 

and clean grains were handpicked and steeped in 500ml beaker containing 200ml of 0.75% 

hydrogen peroxide (H2O2) solution and incubated for two (2) days at a temperature of 21OC. At 

the end of the 2 days, the grains were strained and steeped again in 200ml of H2O2 also at 21OC 

for further 24 hours. The germinated grains were then counted and the germinative capacity 

calculated using the formula: 

Germinative Capacity = (200-n)/2, 

Where: 

N = grains that did not show roots. 

3.5.4 Total Nitrogen/ Protein: Kjeldahl Method (Malted pearl millet) (EBC Method 4.3.1, 

2004).                          

Finely milled 0.1 g of pearl millet was weighed in a small weighing disk, and transferred 

quantitatively into a dry kjeldahl flask. 10 g of catalyst mixture (a tablet) consisting of TiO
2
, 

CuSO
4
.
5
H

2
O and K

2
SO

4 
were added. The content was thoroughly mixed by gently adding 25 mls 

of conc. H
2
SO

4 
and some anti-bumping agent. The flask was then heated. The heating continued 

for 45 minutes after the solution turned bright green. The kjeldahl flask and contents were then 

cooled to room temperature. Two drops of methyl red indicator was added to Erlenmayer flask 

into which had been pipetted 20ml of 0.1N H
2
SO

4
. The flask was connected to the distillation 

apparatus such that the outlet tube of the condenser dipped beneath the H
2
SO

4 
in the receiving 

Erlenmayer flask. After Kjeldahl flask and content had been cooled to room temperature, 150 ml 
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of distilled water was cautiously added and mixed. The solution was cooled to below 25 
O
C. 

Anti-bumping agent was added to prevent bumping. 100 ml of 0.1N NaOH was then added 

slowly until two distinct layers were formed. The Kjeldahl flask was connected to the distillation 

apparatus soon after the addition of NaOH solution.  

The flask was heated smoothly for 5 minutes and then strongly until liquid began to distil. 

Distillation continued until Kjeldahl flask begun to bump. The excess H
2
SO

4 
in the receiving 

flask was titrated with standardised 0.1 N NaOH, using methyl red as indicator. Simultaneously 

with the test, a blank determination on reagents was carried out in which 20ml instead of 25ml of 

0.1N H
2
SO

4 
was added and without the addition of the test sample. This method was used for all 

malted and unmalted sorghum varieties. The Total Nitrogen/Protein content in the dry samples 

were then calculated and expressed as a percentage. 

 

3.5.5. Extract Content:  (EBC Method 4.5.1, 2004). 

       3.5.5.1. Sample preparation and mashing. 

For the mashing process, 55g of malted sample were milled with a Disc Mill (Bϋhler, 

Braunschweig, Germany) set at 0.2mm. Each sample of ground 55g malt was transferred into a 

beaker and well mixed with spatula. 5g was taken for moisture content according to Method 3.3 

above while the remaining 50g was measured into the mash beaker. 200ml of distilled water at a 

temperature of 45
o
C was placed into each beaker and stirred with a glass rod to avoid formation 

of lumps. The mash bath before use had been pre-heated to 45
o
C. The temperature of the mash 

bath was then maintained at this temperature for 30minutes. The temperature of the mash was 

then raised at 1
o
C per minute for 20minutes to 65

o
C (instead of 70, a modification). At 65

o
C 

100ml of distilled water at 65
o
C was added. Also added to the mash were 20mg of HITEMPASE 

2XL (amylase), and 20mg of Bioglucanase HAB MG was added at the beginning of mashing i.e. 

at mashing-in temperature of 55
o
C  and Bioglucanase, on the other hand were added when 

mashing temperature reached 60
o
C, during heating. Complete hydrolysis of starch 

(saccharification) was determined from the time the 100ml distil water at 65
o
C was added. This 

was done by transferring a drop of the mash unto a spot on a white porcelain plate and a drop of 
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iodine solution added. This was done in the 5minutes intervals for a maximum of 1hours. 

Complete saccharification or starch conversion was indicated by a clear yellow spot. The 

response to the iodine test was then recorded as either positive or negative. After holding the 

mash for one hour at 60 c for saccharification the mash was cooled to room temperate  with cold 

tap water in the mash bath .stirrer was washed with small amount of distilled water and the 

outside of the beaker dried .the volume of the beaker (mash) was then adjusted to 450 ml with 

distilled water. 

                              

                           Figure 9: Mash bath 

3.5.5.2 Filtration 

The mash in the beaker was filtered by emptying into a pleated filter paper (what mans No 4) in 

a funnel. The first 100ml of filtrate collected was returned in to the funnel. A portion of the 

filtrate was taken for color measurement using the UV/VIS Spectrometer (model Lambda 35, 

Australia). The cake did not dry up so the filtration was stopped after 2hours. 
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Figure10:  Filtration after mashing.                                          

3.5.6 Determination of Specific gravity of the wort 

This was determined using the Anton Paar gravity analyser (model GSA 48-Australia).The 

specific gravity was converted to grams of extract in 100g of wort from a sugar conversion table. 

The formulas below were used to calculate the extract (on as is basis and on dry basis): 

E1 = P (M+800)/ (100-P) 

E2= E1*100/ (100-M) 

Where: 

E1= malt Extract in pearl millet malt samples taken in % (m/m). 

E2= the malt extract content of dry malt in %( m/m). 

P=the extract content in wort, in g of extract per 100gm of wort (=deg.plato). 

M= the moisture content of the pearl millet malt sample, in %( m/m). 

800=the amount of distilled water added into the mash to 100gm of the mash. 

It must be emphasizes that determination were done duplicate. 
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3.5.7 COLOUR (Spectrophotometer Method-EBC Method 4.7.1)  

Colour measurement was done based on European Brewery Convention method (4.7.1) (fifth 

edition, 1998) using the spectrophotometer. Fifty milliliter samples of the filtered wort produced 

was taken and re-filtered using what mans number 4 filter paper. The first 20ml was discarded 

and remaining was collected. The spectrophotometer was set at 430nm wavelength. Blank test 

was first done with distilled water and used to adjust the absorbance to 0.000. After rinsing the 

cuvette with the bright malt wort, the absorbance of the sample was determined at 430nm.  

The sample was diluted with distilled water to 1:5 wort: water ratio. The colour of the sample 

was then calculated using the equation below:  

 

C= 25*A *F 

Where,  

C= the colour in EBC units  

25=the multiplication factor  

A= absorbance at 430nm in 10mm cuvette  

F= dilution factor. 

3.5.8 DIASTATIC POWER (EBC Method 4.12, 1997). 

3.5.8.1 Sample Preparation  

This was determined by weighing 52 g of pearl millet malt which was finely ground using the 

Buhler Miag mill set at 0.2mm. This was done in duplicate. 40g of the grist were then weighed 

into each mashing beaker (two per variety).  

3.5.8.2 Starch Solution  

The starch solution was prepared by weighing 10 g of the dry matter of pure starch (Merck No 

1252) into a mortar. It was stirred to a paste with the addition of a little cold distilled water. The 
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paste was slowly added to 400 ml of boiling distilled water in a beaker. The mortar was washed 

with a little distilled water and added to the starch solution. Boiling continued for 5 minutes. The 

beaker was then placed in cold water and cooled under cover and with intermittent stirring to 

avoid skin formation. The solution was finally transferred into a 500 ml volumetric flask. The 

beaker was rinsed and added to the flask. The volume was then made up to 500 ml with distilled 

water. Fresh sample was prepared each day for analyses.  

3.5.8.3 Extraction of the Enzyme  

480ml of distilled water at ambient temperature was added to each beaker (which contained 52g 

of pearl millet malt grist instead of 41g) and stirred with glass rod into a uniform mash. The 

beakers with their contents (mashes) were then placed in a mashing bath, which had been pre-

heated to 40oC. The contents were then stirred for 60 minutes. The mashes were cooled to room 

temperature and the glass rods washed with small amounts of distilled water. 

Each mash was immediately transferred to a 200 mm funnel containing 320 mm filter paper and 

filtered into 250ml conical flask. The first 200 ml filtrate (which is the extract) from each funnel 

was discarded and the next 50 ml was used for analysis. 

3.5.8.4 Hydrolysis of starch  

Into a 200 ml volumetric flask was pipetted 100 ml of starch solution. 5 ml of acetate buffer (
 
pH 

5.6) was then added and the solution placed in water bath, which had been pre-heated to 200 
o
C 

and allowed to stand for 20 mins. 5 ml of test extract was then pipetted and mixed with the starch 

thoroughly by shaking.  

The solution was then incubated at 20 
o
C for 30min from the time of addition of the enzyme. The 

enzyme was deactivated by the addition of 4 ml NaOH solution (1mol/lt) to the flask. The 

contents of the flask was then made up to 200 ml with distilled water and well mixed by shaking. 

The alkalinity of the solution was then tested with a drop of phenolphthalein solution. The colour 

was blue. 

3.5.8.5 Blank test  

For a blank test, 100 ml of starch solution prepared above was pipetted into a 200 ml volumetric 

flask. 4.0 ml of 1N sodium hydroxide solution was added and the content thoroughly shaken. 5 

ml of the test extract was added and the solution made up to 200 ml with distilled water. After 
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thoroughly mixing the solution, its alkalinity was checked with the addition of a drop of 

phenolphthalein solution. The colour turned blue. 

3.5.8.6 Iodometric determination of reducing sugars  

Into a 150 ml conical flask was measured and transferred 50 ml aliquot of the digest (from 

3.4.3.4 above). 25 ml of iodine solution and 3 ml of 1N NaOH solution were also added to the 

flask and stoppered to prevent loss of iodine. The solution was allowed to stand for 15 minutes 

after shaking, after which 4.5ml of 1.0N H
2
SO

4 
was added. The unreacted iodine in this solution 

was then titrated against thiosulphate solution until the blue colour disappeared. It must be 

emphasized that 52 g instead of 41g of malted sample was used for the extraction because the 41 

g gave a titre value which was outside the 9-12 range specified by the methodology. Due to 

relatively low enzyme levels, extracts were not diluted before the determinations.  

The Diastatic power (DP) expressed in Windish-a Kolback (WK) unit was calculated using the 

formula below:  

DP1= F (Vb-Vt)  

DP2=DP1*100/ (100-M)  

Where:  

DP1= the Diastatic power of malted sample, unit WK.  

DP2= the Diastatic power on dry matter of malted sample, in WK.  

F = the correction factor to obtain the results per 100g of malt used for the extraction.  

Vb = titre value of the unreacted iodine in the blank test, in ml  

Vt = titre value of the unreacted iodine in the test portion in ml  

M = the moisture content of the malt, in %( m/m). 

3.6 PROXIMATE ANALYSES UNMALTED AND MALTED SAMPLES. 

3.6.1 Moisture 

Five grams (5.0 g) of the sample (flour) was transferred to previously dried and weighed dish. 

The dish was placed in an oven thermostatically controlled at 105 
o
C for 5hrs. The dish was 

removed and placed in desiccators to cool and weighed. The dished was re-placed in the oven 

and heated, cooled and weighed. This stage was repeated until constant weight was obtained. 
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The loss in weight, which represents the moisture, was reported and expressed as a percentage. 

This was done for each variety in triplicates. 

3.6.2 Crude Fat  

The dried sample obtained from the moisture determination was transferred to 22 x 80 mm paper 

thimble. A small ball of cotton wool of glass wool was placed into the thimble to prevent loss of 

the sample. Anti bumping granules was added to the previously dried (air oven at 100 
o
C) 250 

mm round bottom flask and weighed accurately. 150 ml of petroleum spirit B.P. 60-80 
o
C was 

added to the flask and apparatus assembled. A quick fit condenser was connected to the soxhlet 

extractor and refluxed and evaporated on a steam bath. The flask and fat/ oil was heated for 

30min in an oven (Memmert oven, Type: ULE 60, Germany) at 103 
o
C. The flask and contents 

were cooled to room temperature in desiccators. The flask was weighed accurately and the 

weight of oil/fat collected was determined. This was then expressed as the percentage. 

3.6.3 Ash  

In determining the ash content, 2.00g of dried sampled was transferred to a previously ignited 

and weighed crucible and placed in muffle furnace that is preheated to 600 
o
C for 2 hours. The 

crucible was removed and cooled in desiccators. Crucible was allowed to cool and then weighed. 

Weight was expressed as a percentage. This was repeated for all varieties and also for both 

malted and unmalted samples. 

3.6.4 Crude Protein (EBC method 4.3.5, 2004).  

3.6.4.1 Digestion  

For the protein digestion, 2.00 g of the dried sample and a half of selenium based catalyst tablet 

and a few anti-bumping H
2
SO

4 
was added and the flask shaken thoroughly to ensure the entire 

sample was wet. The flask was placed on a digestion burner and heated slowly until bubbling 

ceased and the resulting solution was clear. The flask was then made to cool to room 

temperature. The digestion sample solution was transferred into a 100 ml volumetric flask and 

made up to the mark.  

3.6.4.2 Distillation  

The distillation set up was flushed for 10 min. The condenser was treated so as to carry over all 

liquid in the condenser. 25 ml of 2% boric acid and 2 drops of mixed indicator were put into a 
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250 ml conical flask. Water was drained from the steam trap and the stopcock left open. The 

conical flask and its content were placed under the condenser in such a position that the tip of the 

condenser is completely immersed in solution. 10 mls of the digested sample was pipetted into 

the steam jacket. 20 ml of 40% NaOH was then added to the decomposition flask. The funnel 

stopcock was closed to allow the liberated ammonia into the collection flask. The stopcock on 

the steam trap was shut to force steam through the decomposition chamber. There is a colour 

change of the boric acid to bluish green as soon as it comes into contact with ammonia.  

Distillation was continued for 5 min after which the receiving flask was lowered so that the 

condenser tip is just above the liquid. The end of the condenser was washed with a little distilled 

water and distillation was continue for 30 sec and the process discontinued by removing the 

burner from the steam generator. 

 

3.6.4.3 Titration  

The distillate was then titrated with 0.1 N HCl solutions. The acid addition continued to run until 

the solution was colorless. A similar procedure was carried out on the blank. The % nitrogen was 

then calculated from the titre value obtained using the formula below:  

% Nitrogen = Χ (0.1N HCl)  

Where,  

x = mls of standard acid used  

w = the amount of sample taken  

Percentage Crude protein was then calculated as,  

% Crude protein = % Nitrogen × 6.25. 
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3.7 BREWING WITH MICROBREWERY PLANT. 

             Malting process/ Germination procedure 

After specification of the grains malts were made with different parameters (time, extent of 

aeration, temperature) by steeping, germination and kilning and their main nutritional values 

were determined. The brown pear millet cultivar was obtained from melikas research institute, 

and harvested in 2007. The malting process was manipulated by using 10kg of brown pearl 

millet grain in metal boxes. All boxes of pearl millet were washed with tap water before steeping 

at room temperature (25ºC) for 30 min and then ten kilogram of cleaned of pearl millet were 

washed and weighed and put on mesh chamber. All mesh chambers were put on the plastic tray 

and filled with pearl millet. Then, it was steeped in water from morning to evening. The steeping 

lasted for 12 hours.  Steeping water was changed every 12 h with equilibrated temperature tap 

water in order to eliminate any inhibitor solubilized from grain and for circulation of oxygen to 

grain.  

After steeping stage, pearl millet was germinated up to 6 days. This stage was called air-rest 

stage and the treatment was re steeped for 30 min in every 12 h. In addition, the malting room 

was controlled at 95±5% relative humidity. The germinating pearl millet sample from the 

treatment was taken once a day and dried in air flow oven at 50°C for 48 h. The dried sample 

was kept at 20ºC until needed for further analysis. Root and shoot were removed by seed drilling 

machine. 

Table.1. Malting process parameters 

Process Laboratory malting Industrial malting 

Steeping 25oC water 18hr, 

Aeration and Overflow by 

Water. 

10oC water 12hr, 

Aeration and Overflow by 

Water. 

Germination 84hr, 15oC 96hr, 15oC 

Kilning 50oC,48hr 40oC,48hr 
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3.7.1 MILLING 

Pearl millet malt was milled using the Buhler – Miag Disc Attrition (Mill, Type DLFUW24050, 

Serial No.20352, Germany) to a near - floury consistency as fine grinding 0.2 mm and mashed 

with distilled water as ratio 1:5 in the small scale mashing tun. The isothermal mashing 

temperatures were operated at 55, 65, 75; 85°C for one hour and 20 min. 

 

 
Figure: 11 Millet grains and milling machine. 

 

3.7.2 MASHING 

3.7.2.1 Mashing Program  

The 4500 g pearl millet malt was placed in previously cleaned steeliness steel and mixed with 25 

L of  clean distilled water at 58 0C was added to the grist while stirring to prevent clotting or 

lump formation. The temperature of the mash was decreased to about 500C on mixing. This was 

then raised to between 54°C and 56°C and held for 30 min while gently stirring, (Stand-on 

period) in the mashing tun. The temperature programs was preformed as following; 55°C for 30 

min,60oC for 15, 65°C for 30 min, 75°C for 30 min, 78°C for  15 min, 78°C for 25 min, and then 

5 L of warm distilled water (70°C) was added and held at 78°C for 3 min.  At the end of the 

stand-on period, a starch presence or absence test was done using iodine solution. This test 

involved taking a sample of the mash, cooling it to 20°C dropping it on a white tile and adding a 

few drops of iodine. A blue-black colouration indicates the presence of starch and the inverse the 

absence of starch. Then, it was cooled to 20°C, filtered through polystyrene cloth, and then the 

cleared wort was analyzed for extract yield and pH. 
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                                                    .    

                
                Figure: 12 mashing process. 

3.7.3 YEAST PITCHING 

 Pitching was meant the addition of the yeast to the cold wort(pitching wort) and thus starting of 

fermention.Activation of the yeast occurs not simply as a result of the introduction of oxygen but 

also quite specifically because of the uniform distribution of the yeast in the wort with a few 

yeast clumps as possible. The individual yeast cells must rapidly come into contact with the 

nutrients in the wort. This was important for the intensity of the initial fermentation, 

consequently in modern plants the yeast was dosed uniformly into the flowing stream of the 

wort. 

3.7.4 INOCULUM PREPARATIONS 

The S. cerevisiae strain 25/625 was prepared by inoculating one Full loops in 100 mL Pilsner 

wort prepared from barley and cultured at room temperature for 24 h. Then, 100 mL of 

inoculums was added to 900 ml of aerated Pilsner wort. S. cerevisiae strain 25/625 was cultured 

at 10°C for 48 h and 20°C. Wort culture was aerated by using aquarium pump connected with 

aeration stone and pump was run for 1 min in every 1 hour in order to avoid excess foam 

formation. Cell concentration was counted under microscope and calculated the volume needed 

to inoculate into 6 L wort at 12x106cells/mL. The needed inoculum was centrifuged 3000xg for 

10 min and the supernatant was discarded. Finally, yeast was resuspended into the 500 mL wort 

used for fermentation and then mixed with rest part in the fermenter. 
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3.7.5 FERMENTATION 

The 28 L of clear wort which was obtained from one mash operation and filled in 40 L fermenter 

tank and aerated for 10 min in order to obtain 8 mg/L dissolved O2. The aerated wort was 

acclimatized to 10°C bottom. Inoculation of S. cerevisiae 25/625 to 10°C wort at concentration 

12x106cells/mL were performed and kept the fermenter through a cooling system at 9°C. 

Fermentation was finished when extract content was less than 80% or it was not changed in 48 h. 

Two hundred milliliter of fermenting wort was taken every 24 h in order to observe the 

suspended cell concentration, pH, extract and PH. The extract content determined by using 

(Anton paar DMA 45000, Austria) and pH were determined after filtered wort through filter 

paper (whatman), and the rest of wort was kept at 12°C.After fermentation was finished, the 

lager beer was maturated for 2 days at 5°C. Beer was racked in order to reduced cell 

concentration to less than 2x106 cell/ml and then, they were adjusted CO2 to be 4.5 mg/L and 

chilled at 0°C for a week. The chilled beers were filtered through sterile filter pad supplemented 

with coarse filter aids (120 g/hl) under CO2 pressure. The cleared beers were filled in the bottle 

at CO2 added 4.5 mg/L at 4°C, and were kept at 4°C for further analysis of foam stability .                                    

3.8 CHEMICAL ANALYSIS ON WORT 

The following analyses were conducted on the wort. 

 3.8.1 Specific gravity 

The specific gravities were determined using the beer analyzer (Anton paar DMA 45000, 

Austria). Samples are poured into vials that have been pre-rinsed with the samples. The vials 

(three of them) are placed in specialized a compartment which rotates and gets the samples in a 

position that allows the analyzer to suck the samples, analyses and provides results on a screen 

that can be printed. 

 
Figure: 14 Anton Paar DMA 4500. 
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3.8.2 PH  

The pH was determined using the Lab 850 PH level 2 meter. 

 

 
Figure: 15 PH meter. 

3.8.3 Acidity 
Thirty milliliters of the sample was pipetted into a conical flask and titrated against 0.1N 

NH4OH solution. The end point is read at pH 7.1 and the acidity is calculated as follows: -  

Acidity = Titre Volume X 0.2. 

3.8.4 Colour (Spectrophotometer Method-EBC Method 4.7.1)   

Colour measurement was done based on European Brewery Convention method (4.7.1) (fifth 

edition, 1998) using the spectrophotometer. Fifty milliliter samples of the filtered wort produced 

was taken and re-filtered using what mans number 4 filter paper. The first 20ml was discarded 

and remaining was collected. The spectrophotometer was set at 430nm wavelength. Blank test 

was first done with distilled water and used to adjust the absorbance to 0.000. After rinsing the 

cuvette with the bright malt wort, the absorbance of the sample was determined at 430nm. The 

sample was diluted with distilled water to 1:5 (wort: water) ratio. The colour of the sample was 

then calculated using the equation below:  

C= 25*A *f           Where,  

C= the colour in EBC units  

25=the multiplication factor  

A= absorbance at 430nm in 10mm cuvette  

F= dilution factor. 
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3.8.5 Bitterness (Spectrophotometer Method-EBC Method 4.9.3) 

10ml of the samples were filled into test tubes, which had previously been filled with 20ml 2, 2, 

4-trimethylpentane (iso-octane) and covered. The test tubes were placed in a water bath at 20°C 

for 30mins. At the end of the 30mins period the samples were acidified with 1ml of 0.1N HCl 

and shaken vigorously for 20 min. The samples were then placed in the water bath at 20°C for 

another 30mins. The supernatant organic phase was carefully decanted into cuvette and the 

optical densities read at 275nm wavelength. The optical density was expressed in terms of 

European Brewing Convention bitterness units as follows,  

Bitterness units = OD x 100. (EBC, 1998) 

 

3.9 ANALYSIS OF FERMENTATION PROFILE. 

Fermentation profile was studied by measuring the fall in wort sugar as fermentation progressed. 

This was done using the Beer Analyser. (Anton Paar DMA 4500)  

3.10 CHEMICAL ANALYSIS ON FINISHED PRODUCTS. 

The Original gravity (OG), specific gravity (SG), apparent extract, real extract, attenuation and 

alcohol content (v/v), (w/w) were measured using the Anton Paar Beer analyzer. The colour and 

bitterness, VDK, polyphenol, CO2, foreign gass were measured as directed in the European 

Brewing Convention method (EBC, 1975). All the analysis was carried on the filtered sample. 

3.10.1 METHOD OF CHEMICAL ANALYSIS. 

The methods used for the analyses were measured as directed in the European brewing 

convention method (EBC, 1975). 

3.10.2 Colour (Spectrophotometer Method-EBC Method 4.7.1)  

Colour measurement was done based on European Brewery Convention method (4.7.1) (fifth 

edition, 1998) using the spectrophotometer. Fifty milliliter samples of the filtered wort produced 

was taken and re-filtered using what mans number 4 filter paper. The first 20ml was discarded 

and remaining was collected. The spectrophotometer was set at 430nm wavelength. Blank test 

was first done with distilled water and used to adjust the absorbance to 0.000. After rinsing the 

cuvette with the bright malt wort, the absorbance of the sample was determined at 430nm.  
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The sample was diluted with distilled water to 1:5 wort: water ratio. The colour of the sample 

was then calculated using the equation below:  

C= 25*A *F 

Where,  

C= the colour in EBC units  

25=the multiplication factor  

A= absorbance at 430nm in 10mm cuvette  

F= dilution factor. 

 

Figure: 16 Spectrophotometer. 
 

3.10.3 Bitterness (Spectrophotometer Method-EBC Method 4.9.3)  

10ml of the samples were filled into test tubes, which had previously been filled with 20ml 2, 2, 

4-trimethylpentane (iso-octane) and covered. The test tubes were placed in a water bath at 20°C 

for 30mins. At the end of the 30mins period the samples were acidified with 1ml of 0.1N HCl 

and shaken vigorously for 20 min. The samples were then placed in the water bath at 20°C for 

another 30mins. The supernatant organic phase was carefully decanted into cuvette and the 

optical densities read at 275nm wavelength. The optical density was expressed in terms of 

European Brewing Convention bitterness units as follows,  

Bitterness units (BU) = 50 x ABS275. (EBC, 1998). 
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3.10.4 VDK (Vicinal Dike tones) (Spectrophotometer Method-EBC Method 4.8.4)  

Add 100ml beer into the distillation flask and start distillation. Control the heating rate carefully 

to prevent over foaming. The available period under gentle heating should be at least 6 min until 

the first drop is collected into the receiving cylinder. And the collect 25 ml of the distillate within 

8-0 min and mix thoroughly, pipette 0ml of the distillate into 50ml flask with glass stopper, then 

adding 0.5ml % 0-phenylenediamine (reagent).mix and place the flask 20-30minutes in the 

darkness. After adding 2ml 4N HCL (reagent) mix the sample thoroughly and measure within 20 

min against the blank 

VDK, ppm= 2.7*ABS335  

3.10.5 Total polyphenols (Spectrophotometer Method-EBC Method 4.7.5)  

10ml of the beer sample was pipette out and 8ml of CMC/EDTA reagent into a 25 ml volumetric 

flask Stopper and thoroughly mix the contents. Then adding 0.5ml ferric reagent to the 

measurement sample and thoroughly mix, and 0.5ml ammonia reagent and mix was done make 

up to 25ml (or 50ml) with water and mix.After kept the measurement sample for 10minutes 

measurement the absorbance was done in a 10ml cuvette using a spectrophotometer at 

600nm.ensure that the solution to be measured was cleared. 

Blank Sample 

Mix 10 ml of the sample of beer and 8 ml CMC/EDTA reagent in a 25 ml or 50 ml of volumetric 

flask and 0.5 ml of ammonia reagent was added and mix well. Allowed to stand for 10 minutes 

and measured the absorbance. Calculate the content of polyphones using the formula 

P (ppm) =A*820*F 

Where 

P=polyphenol content (mg/liter) 

A=absorbance at 600nm 

F=dilution factor 
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3.10.6 HEAD RETENTION BY THE NIBEM METHOD 

Principle  

It measures the time taken for the surface of foam to collapse by 10mm, 20mm and 30mm using 

conductivity. 

Method                                                             
 
 Label                                                                               

A – Stem                                                           

C and b - Electrode system needles               

A - Foam  

B –Beer                           

                                          Figure 17 Nibem apparatus 

A standard pour is used to pour the beer into a glass. A movable plate containing three electrodes 

(shown in Fig. 17) is lowered so that it just rests on the surface of the beer foam. As the foam 

collapses the electrodes reduce. The plate moves to maintain contact with the foam. The more 

rapidly the needle moves down to maintain contact, the less stable the foam. 

Standard  

A satisfactory head is one that lasts more than 260 – 280seconds 

 3.10.7 PASTEURISATION 

The finished product were packaged in bottles to volumes of 330ml and pasteurized at 60°C for 

60mins using the Sander Hansen bottles pasteurizer at a pasteurization unit of 20. 
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3.10.8 MICROBIAL COUNT 

The media of choice were chocolate agar, blood agar and mac-konkey agar. The chocolate agar 

plate was used to enhance the growth of fastidious organisms. The blood agar plate is an 

enriched medium, which supports the growth of common bacteria. Mackonkey agar is a 

differential medium used in the isolation of lactose fermenters though it grows non-lactose 

fermenters. 

3.10.8.1 PROCEDURES FOR PREPARATION OF THE MEDIA 

a) Mackonkey Agar Medium 

48.5g of the powder were weighed out. This was dispersed in 1 liter of de-ionized water 

and allowed to soak for 10mins. The solution was swirled to mix and then sterilized in an 

autoclave for 15mins at 121oC, was cooled to 47oC and mixed before pouring into the 

plates. Prior to inoculation, the surface of the agar was dried by partial exposure at 37oC. 

The appearance of the plate was clear pink/red. The media was preserved in the fridge. 

b) Blood Agar Medium 

The nutrient agar was used for its preparation. The procedure was as follows; 28g of nutrient 

media powder was weighed out and dispersed in 1 liter of de-ionized water and allowed to 

soak for 10mins in a conical flask. The mixture was swirled to mix, and then sterilized by 

autoclaving for 15mins at 121oC. The mixture was cooled and mixed well. It was poured into 

petri-dishes and allowed to cool down to 40-42oC, so that when the blood was added, the 

cells didn’t lyses. 

b) Chocolate Agar Medium; 

The blood agar medium was heated above 50oC to lyses the red blood cells. This gave the 

chocolate colour medium called chocolate agar. 

3.10.8.2 PROCEDURE FOR CULTURING PLATES 

The samples were cultured aseptically by taking a loopful of it with a wire-loop and inoculating 

it on the prepared plates i.e. blood agar, Mackonkey and chocolate agar plates and incubated at 

37oC between 18 and 24 hours. Then, the plates were read for growth of organisms. 
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3.10.8.3 PROCEDURE FOR IDENTIFICATION OF THE ORGANISMS 

Apart from the physical appearance and morphology of the organism, the following tests were 

carried out to confirm their presence. 

                  A.Catalase Tests; 

      Materials: 3% hydrogen peroxide, Pasteur’s pipette, slide and 18-20 hrs old culture. 

       Slide method: 

1. Two drops of hydrogen were dropped on a clean grease free slide A and B. 

2. The test organism was transferred using a glass rod to slide A while the control 

was dropped on B. 

3. Presence of bubbling gas or effervescence indicates a positive reaction. There was 

no bubbling gas which confirms the presence of streptococcus pyogens. 

4. The test distinguishes between streptococcus pyogens and staphylococcus species. 
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 3.11 SENSORY QUALITY ANALYSIS 

An acceptability and flavour profile (colour, tingly, estery and bitterness) tasting was conducted 

on four beer samples, two each from barley and pearl millet starch, the other two barely-millet 

substituted samples. The sensory analysis was conducted using 8 member-trained panelists using 

the sensory evaluation form in appendix E. The panelists constituted 8 males who are staff and 

currently have been working in St.George Brewery and who has experiences and familiar of beer 

drinking. The discussion for meaning of each attribute in score sheet and agreement that these 

pearl millet beers were presented as new products on shelve, was carried out before beer tasting   

and 4 females also staff. 

The samples were served at 150C so that panel members could easily pick flavour notes. Serving 

order was changed for every group of three (3) and samples were served in clean and odourless 

drinking glasses. All assessors had one score sheet for four samples and tasted all samples with 

in 30 min. The hedonic scale (4 levels) was designed as 0 to 4 scores for evaluate the colour, 

tingly, estery and bitterness. The score 0 was extremely dislike, 1 was dislike, 2 was normal, 3 

was like, 4 was like very much. And finally attribute was overall impression, if scored as 0 was 

undrinkable, 1 was drinkable but not prefer another glass, 2 was drinkable and prefer one more, 3 

was good, 4 was very good . Panelists were instructed to rinse their mouths with water before 

starting and between sample evaluations. Parameters for evaluation are shown in the 

questionnaire in appendix 3.The ratings of each sensory attribute were converted to numerical 

scores and the numerical scores were collected for statistical analyses. 

3.12 EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS 

The study was conducted to develop and evaluate gluten-free beer by varying the raw material 

that is pearl millet. Proximate analysis, physico-chemical analysis, microbiological analysis, and 

sensory quality analysis were conducted. Means Comparisons was performed using one-way 

analysis of variance (ANOVA) for all data at each processing stage. Comparisons for each data 

were carried out using Student's t test at = 0.05, to see whether the actual difference in each 

value means is greater than the difference that would be significant. All statistical analyses 

performed using JMP version 5 (SAS Institute Inc., Cary, NC, USA). 

 

 



49 
 

                                                          CHAPTER FOUR  

 

4.0    RESULTS AND DISCUSSION.             

4.1 Results for Proximate chemical compositions. 
Two properties that have direct bearing on suitability of cereals for malting are germination 

energy (GE) and Germinative capacity (GC). 

Table 2: Some properties of malted and unmalted pearl millet variety and barely. 

       

       properties 

                         varieties 

 Local barely Imported barely Pearl millet  

GE(%)(4 ml) 95.75 ±0.22 97.90±0.02 96.84 ±0.02 

GC (%) 97.30±0.25 98.90±0.02 98.2 ±0.22 

moisture 9.34±0.22 6.40±0.02 9.45 ±0.04 

TN 2.03±0.22 1.60±0.02 2.2  ±0.02 

Fat 2.65±0.22 1.60±0.02 3.85 ±0.03 

protein 10.5±0.02 10.50±0.02 13.0 ±0.02 

Ash 1.62±0.02 0.59±0.02 2.02 ±0.02 

HWE@95oC 71.01±0.82 75.82±0.02 77.94±0.02 

DP(OWK) 51.07±0.22 60.32±0.02 68±0.02 

PH 5.68±0.02 5.39±0.02 5.42±0.02 

Colour 5.25±0.02 3.50±0.02 3.8±0.02 

Filtrate volume(ml) 85 100 120 

KEY: pearl millet is a new variety under field test at Melkasa.   

GE: Germination energy, GC: germination capacity; TN: Total Nitrogen, DP: Diastatic power, 

HWE: Hot water extract; TSN: Total Soluble Nitrogen. 

Values are means values of triplicate determinations + standard deviations. 

From Table 2, the Germinative energy (GE) and the Germinative capacity (GC) of the cultivars 

or variety were high enough (>90%), compared with the recommended (i.e. not less than 90) 

(O’Rourke, 2004) for malting. This means that all the varieties are suitable for malting. Even 

pearl millet, which had a relatively lower GE, is high enough to allow for malting. 
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 Table 3. Quantification of gluten-free basic material. 

Barely seed principal properties. Requirements Control barely White p. millet 

Moisture content% 14.5 Suitable Suitable 

Germinating capacity% 95 Suitable Suitable 

Protein content(kjeldehn)%(DB) 11.5 10.5±0.02 13.0±0.02 

Grading    

Sieve 2.5mm remaining seeds% 75 73±0.02 11±0.02 

Sieve2.2 mm remaining seed% 4 2.0±0.02 88±0.02 

Values are means values of triplicate determinations + standard deviations. 

4. 1.2. Total Nitrogen content  

 All the three varieties studied had suitable nitrogen content. The total nitrogen content ranged 

between (1.6-2.03%), for the unmalted grains (Table 2) and for pearl millet the suitable range is 

1.6-1.8 %. In spite of the ideal range stated above, it has been argued that Total Nitrogen (TN) 

values greater than 1.9% will usually give run-off problems during filtration and render the beer 

less stable, due to the formation of chill haze (O’Rourke, 2002). On the other hand, levels must 

be high enough to impart body to the beer, good head formation as well as healthy fermentation 

(O’Rourke, 2002). In general the mean difference among the varieties in terms of total nitrogen 

content was significant (p<0.05). The effect of malting on nitrogen content (measured in terms of 

protein) of pearl millet variety was significant (p<0.05).  

4. 1.3. Fat contents  

Production of off-flavours due to the oxidation of fat in beer is a critical issue which brewing 

industries try to tackle by reducing its content in cereal raw material. The effects of malting on 

fat content of the three varieties were significant (p<0.05) table 4. The malting process reduced 

the fat content in the grains. The effects of varietal differences in respect of the fat contents were 

significant (p<0.05). The crude fat content ranged between 1.93 – 3.85% in the unmalted pearl 

millet and 0.96 – 2.57% in the malted pearl millet 

4. 1.4. Moisture content  

Moisture contents of grains are important so far as keeping quality is concerned. The analyses 

depict the moisture content of unmalted and malted pearl millet variety respectively. The values 

for the unmalted ranged between 8.11-11.16% whereas, the malted ranged between 5.50 – 

6.21%. In both states, the values obtained were higher than that reported by Ogu et al. (2006). 
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Ogu et al. (2006) reported moisture content of unmalted grains to be in the range rang 8.5- 

10.5% and that of the malted between 5.2-5.7%. High moisture content encourages microbial 

growth and allows increase in metabolic rate, which depletes the extract content. According to 

Okon and Uwaifo, (1985), the moisture content specification for pearl millet and sorghum malt is 

less or equal to 5.4% whiles that of barley malt is less or equal to 4.2%. This problem of high 

moisture obtained in the study, however, could be overcome by optimizing the kilning regime. 

4. 1.5. Diastatic Power (DP)  

Subramanian et al. (1995) stated that the most important characteristics of good malt are high 

enzyme levels to degrade starch and obtain high extract yield. The Diastatic power (DP) of the 

malted samples were determined and compared. From Table 2, the DP obtained ranged between 

40.07-60.3
O
wk, with imported malt, having the highest and millet, the least. The differences 

among the varieties were significant (p<0.05). This demonstrates that the varieties are 

physiologically different (Ogu et al. 2006). These relatively low levels of DP in pearl millet may 

indicate the necessity of addition of exogenous α- and β-amylases. The DP results obtained 

(40.07 – 45.31oWk) were lower than was reported by Ogu et al. (2006), (59.5 -65.0 oWk). 

4. 1.6 Total Nitrogen and Total Soluble Nitrogen  

The total soluble nitrogen (TSN) or total nitrogen in wort, in relation to the total nitrogen in the 

malted grain (TN) is an indicative of the extent of modification and the total proteolytic activity 

of the malt (Okokon et al, 2004). From table 2, imported barley malt had the highest (48.9%), 

indicating that it was the most modified. Pearl millet had the least (25.33%), which means that it 

was the least modified of all the varieties studied. 

4. 1.7 Extract 
HWE at various Mashing Temperatures. 

The hot water extracts were studied at four different temperatures, i.e. 55
O
C, 60oC 65

O
C, 75

o
C 

and 78
o
C. Table 3 depicts the results (extracts) obtained and table 4 shows the response of the 

resulting wort to the iodine test, which indicates the presence or absence of starch. At 65
O
C, all 

the varieties tested positive to iodine, suggesting the incomplete hydrolysis of starch into sugars. 
This means that at this temperature, the starch contents are not gelatinized and therefore, not 
available for enzymatic action (Palmer et al. 1999).  
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Table 4: Extracts at different mashing temperatures. 

 

           Mashing temperatures(oC) 
 

 varieties 55 65 75 85 

 Local barley malt 55.44±0.02 56.23±0.024 67.69±0.034 75.00±0.02 

Imported barley malt 62.20±0.02 62.97±0.040 72.39±0.020 77.94±0.22 

 Pearl millet malt 40.0±0.020 45.07±0.020 50.24±0.030 54.2±0.320 

Values are means values of triplicate determinations + standard deviations. 

When the mashing was started at 55
O
C but without the addition of exogenous enzymes; heat-

stable amylase, glucanase and protease, the resulting wort still tested positive to iodine; 

confirming incomplete starch hydrolysis. This is an indication that none of the varieties has 

gelatinization temperatures around this temperature. Thus, the starch granules were not available 

to the amylases to hydrolyse into sugars. Furthermore, there was no appreciable increase in 

extract obtained from mashes with the exogenous enzymes compared to the mash without 

exogenous enzyme at the same mashing temperature (i.e.55, 65
O
C). The differences in extracts 

between these two conditions were highly significant (p<0.000). This shows that some limited 

starch granules might have been available for enzymatic attack during the malting phase. When 

the mashing was carried out at 75
o
C and without the addition of the exogenous enzymes, 

imported and local barley malt showed only traces of the blue-black colouration. The rest were 

all positive to iodine test (Table 8). It therefore implies that the starches of imported and local 

barley malt are more susceptible to enzyme hydrolysis during mashing at 75
o
C. 

Table 5: Response of wort produced at different Mashing temperatures to iodine test 

           Mashing temperatures(oC) 

 varieties 55(no enzyme) 65(no enzyme) 75 85 95 

 local positive positive negative negative negative 

imported positive positive negative negative negative 

millet positive positive positive negative negative 

Again, this is an indication that these two varieties (local and imported) have gelatinization 

temperature at 75
o
C or below. It is the assertion that millet gelatinizes at temperatures above 
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80
O
C (Palmer, 1989). Furthermore, this difference in characteristics indicates that local and 

imported are physiologically different from the millet. Interestingly, all the varieties tested 

negative to iodine when mashing was carried out at 85
O
C without commercial enzymes. This 

seems to confirm, to a greater extent, the assertion that pearl millet gelatinizes at temperatures 

above 80
o
C (Palmer, 1989. It was also surprising to note that even though pearl millet was 

almost fully gelatinized at 85
o
C (as it tested negative to iodine); nevertheless, it also had it 

greatest increment in extract yield at 85
o
C. Even though it gelatinized at 85

o
C, the 

saccharification time was unusually high. It took about twice the average time for it to saccharify 

(i.e. for complete hydrolyses of starch to sugars).  

Gelatinization point of pearl millets was 78°C, which is higher than that of barley (63°C). This 

affects enzymatic processes to a great extent during mashing, because barley malt gelatinizes at 

about 52-57°C, thus when β-amylase rest is reached the enzyme meets an already gelatinized 

starch. But in case of the tested malts gelatinization point is above the optimal range of the 

enzyme (62-65°C), so temperature of β-amylase rest should be chosen with great care. An 

optimal temperature has to be found at which most of the starch can gelatinize, but amylolitic 

enzymes are not inactivated from high temperature. In the course of mashing iodine tests always 

showed blue colour because of the large amount of residual limit dextrin. 

In general, the difference in extract when mashing was carried out at 75
o
C and 85

o
C was 

statistically significant (p<0.05) for each variety. This means that the starch contents of all the 

varieties were fully gelatinized around 80
o
C and thus became available for amylases to 

completely hydrolyse them. 

Industrially, this means that heating pearl millet mashes to 85 oC is not necessary and therefore, 

breweries can limit themselves to 85oC and thereby save on energy and reduce operational cost.  

4.2   Wort analysis 

4.2.1. Specific gravity (SG) 
Specific gravities obtained for wort from barely starch grist were generally higher than that with 

millet (Table.6). This suggests that a higher extract yield was obtained for barely–starch wort 

during mashing than for millet. This may be due to the fact that barely gave a higher 

carbohydrate (77.93%) level than that of millet (65.3%) as shown in the results of the proximate 
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analysis (appendix B). This confirms the proximate analysis results (appendix Bn), which 

showed that the starch content in barely was about 5% higher than that in equal weight of the 

pearl millet sample. Additionally the starches in barely were in a state, which rendered them 

highly susceptible to enzyme attack during saccharification. 

Table 6 

Specific gravities of barely Starch and pearl millet at various mashing time 

   20 min 30min 40min 50min 

Barely(SG) 1.052 ±0. 11  

 

1.0529±0. 11 1.0533±0. 10 1.0535±0. 04 

Millet(SG) 1.0442±0. 11 1.0445±0. 21 1.0445±0. 09 1.0450±0. 08 

 

4.2.2. Wort filterability 

Poor degradation of β-glucans during malting and poor hydrolysis of starch during mashing can 

lead to slow wort filtration, reduced extraction efficiency and haze development of the finished 

beer (Palmer, 1989). Wort filterability (which is an indirect measurement of wort viscosity) was 

determined by measuring filtrate volume over a period of time (i.e. after returning first 100ml). 

Figures1-8, show the plots of filtrate volume versus time at various mashing temperatures. 

 
Figure18.Filterability at 55oC 
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Figure19.Filterability at 65oC   

 

 
Figure20.Filterability at 75oC   

 



56 
 

 
 

Figure21. Comparing Filterability at 55, 65 75oC.   

 

 
Figure22.Filterability at 65oC.   
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Figure 23.Filterability at 75oC 

 

Figure 24.Filterability at 85oC 
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Figure: 25. Comparing Filterability at 65, 75 85oC.   

When mashing was carried out at 55 
o
C (Figure 22), 65 

o
C (Figure 23) and 75 

o
C, all without 

addition of exogenous enzymes, the increases in filterability were very significant for both 
varieties. The highest increases in wort filterability were obtained when mashing were carried 

out at 75 
o
C for barley malt variety. Pearl millet malt, which saw significant improvement in 

their filterability between 75 
o
C and 85 

o
C (Figs. 23 and 24). This may be an indication that the 

starches of this pearl millet variety gelatinize around 80 
o
C. It is worth mentioning that mashes at 

85
o
C for all three varieties did not show further improvement in wort filterability. This 

observation could be explained on the basis that the starch contents of all varieties were fully 

gelatinized around 80 
o
C and 75 oC. For barely (Fig. 21), there were no significant increases in 

filterability when mashing was carried out at 65
o
C, 75 

o
C and 85 

O
C. This may be the indication 

that barely malt was extensively gelatinized around 75 
o
C. 

4.2.3 PH 

 PH is very important during mashing since mashing is entirely an enzymatic process and 

therefore it plays an important role. It was interesting to note that the mash pH of pearl millet  

variety studied (except barley malt) was within the range (5.39-6.09), which fall within the 

required mash pH (5.6±0.4), even though 6.09 is slightly on the higher side. Therefore, the pH of 

Pearl millet had to be adjusted to 5.3 with 10ml of phosphoric acid
, 

at all the mashing 

temperatures. Therefore, in brewing with pearl millet, there must always be correction for pH. 

On large scale industrial processing, this could be not quite a challenge and expensive. 
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The decrease in wort pH during mashing comes from the precipitation of phosphates and amino 

acids or polypeptides derived from the malts or barley (O‟Rourke, 2002). The barleycorn 
comprises phosphate-containing compounds that constitute about 1% dry weight of the corn 

(O‟Rourke, 2002). The mean ash content  (proximate analysis, appendix …..) for barley (2.09%) 

is 56% greater than that for pearl millet. This may suggest higher phosphate content in barley 

than in pearl millet. 

4.2.4. Colour 
 Generally, higher colour values were obtained for barley malt samples in comparison to that for 

pearl millet. ANOVA results confirm that there is a significant difference (p<0.05) in colour 

between barley malt and pearl millet malt samples. Pearl millet variety studied had their wort 

colours ranging between 4.25- 5.65 EBC. Johnson, (1991) and Seward, (1986), reported sorghum 

and pearl millet wort colours of 3 EBC and below.  
The Millard’s reaction is the principal cause of colouring during wort boiling (O‟Rourke, 2002). 
The reducing sugars and α-amino acids present are the key factors for this reaction. Melanoidins, 

which are polymerized products of reductions, give rise to the colour (O‟Rourke, 2002). Amino 
acid levels in the barley substituted samples could be higher than that from pearl millet and this 

inference is drawn from the proximate analysis results of the protein contents of samples, barley 

and pearl millet. 

4.2.5. Bitterness 
There was no significant difference (p>0.05) in bitterness between pearl millet and barely wort 

samples. The calculated least significant difference results compared to the difference of means 

of samples. Pearl millet variety studied had their wort bitterness ranging between 24.25- 25.65 

EBC. The apparent equal levels of wort bitterness may suggest an almost standardized boiling 

temperature and time. Boiling isomerizes the α-acids to iso-α-acids, which is the principal 

bittering agent in hops (Lewis and Young, 1995). The results of hop utilization suggest no 

significant difference between samples. 
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4.3. Fermentation analysis 
Fermentations were observed over a period of 68 hours at 20oC in stainless steel cylindrical 

containers. Fermentation performances were measured as the rate of breakdown of the 

fermentable sugars such as maltotriose, sucrose, fructose, glucose and maltose into ethanol and 

carbon dioxide. Key parameters that were measured at the end of the fermentation were as 

follows: Original Extract or Gravity, Specific Gravity, pH, Colour, Alcohol by Volume and 

Bitterness. 

 4.3.1 Original Extract/Gravity  

This is a calculated extract from a fermented sample, which gives an idea of the initial levels of 

sugars (Present gravity) prior to the commencement of fermentation. It should be noted that 

Original gravities (OG) are mostly not equal to the present gravity. O‟Rourke (1984) had 
suggested that the apparent lower values of OGs are due to the following losses:  

 Carbon dioxide loss.  

 Formation of certain acids. 

 Heat loss. 

 Alcohol formation. 

Analysis of the data showed that there was significant difference (p<0.05) in OG between 

samples. 

4.3.2. Specific gravity 

Specific gravity figures measured post fermentation was very low compared to their initial 

values at the wort stage. This confirms that fermentation is catabolic in nature as the starting 

levels of fermentable sugars depleted as fermentation progressed (Fig.26). Analysis of the data 

showed that there was significant difference in specific gravities between samples. The specific 

gravity value at end of fermentation is an index of the sensory quality and mouth feel 

(O‟Rourke, 2002). A similar explanation hold s for the present gravity. However, high specific 

gravity values obtained at end of fermentation may suggest poor yeast performance or 

questionable wort constituents which invariably results in poor yeast performance. It is worth 

stating that the profile obtained for the pearl millet sample (Fig.26) is similar to that obtained for 

an all barley malt brew is seen at the same set of conditions. 
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Fermentation profile for pearl millet starch and barley observed over 72 hours. 

 
Figure 26: Fermentation Profile. 

4.3.3. PH  

PH values as shown in Figure 20 shows the general drop in pH as wort ferments. It was observed 

that the mean pH of cassava starch and barley substituted wort at start of fermentation were 5.3 

and 5.1 respectively. However pH trends changed as fermentation progressed to the end yielding 

final pH of 4.26 and 4.25 for pearl millet starch and barley samples respectively. During wort 

sugar metabolism, several organic acids, which do not only impart flavour but also give rise to a 

drop in beer pH, are released into the beer. Lewis and Young (1995) have stated that the fall in 

pH is a result of the consumption of ammonium ions, potassium ions and amino acids by yeast 

and the consequent release of hydrogen ions and secretion of organic acids. The high levels of 

ethanol and drop in pH render beers a poor substrate for most microorganisms. Kunze, (1995) 

has stated that pH has a considerable effect on the quality of beer. A beer pH of less than 4.4 

would have among other effects the following. 

 Accelerates precipitation of colloidal unstable protein-polyphenol complexes,  

 Produces faster maturation,  

 Refines the beer taste and  

 Is an essential requirement for a good biological stability of the beer?  
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A pH value of less than 4.1 causes beer to taste acidic and is a probable indication of 

acidification by microbial infections. (Kunze, 1995) 

4.3.4. Alcohol (Alcohol by Volume).  

Ethanol is a major end product of beer. It forms part of the end by products of the glycolytic 

pathway of wort fermentation. Ethanol levels were generally very high, a result of high gravity 

brewing. Analysis of results showed that there was a significant difference (p<0.05) in ethanol 

levels between samples. Fig.26. shows that the levels of alcohol obtained for barely starch at end 

of fermentation were generally higher than that for pearl millet.  High remainders mean high 

levels of both fermentable and unfermentable sugars. The fermentable, under favorable 

conditions should ferment further to yield more alcohols. However the remainder test results 

suggest that the nature of the wort prior to fermentation had much influence on the end results 

for barley for fermentation conditions.  

4.3.5 Bitterness 
Bitterness levels generally dropped during and at the end of fermentation. O‟Rourke, (2000) 
mentions the following factors as culminating in the loss of bitterness during fermentation.  

A. Excessive fobbing resulting in beer loss and hence bitterness  

B. CO2 evolution with volatile hop components  

C. Adsorption of hops components on cell surfaces of yeast during and at the end of 
fermentation. Kunze, (1995) had explained that as a result of the decrease in pH during 
fermentation, a number of colloidally dissolved bitter substances and polyphenols are brought 
into their isoelectric point range and are precipitated as surface active compounds on the CO2 
bubbles in the foam head or as a result of adsorption on the yeast cells. Kunze, (1995) further 
adds that in conventional fermentation and maturation, starting with the amount of bittering 
substances in the cold wort as 100%, 25 to 30% is lost and 70 to 80 percent of this by the end of 
primary fermentation. Results obtained are in accordance with the above statement as there was 
an average of 19.2% loss in bitterness noted for pearl millet starch and 15.6% for barley. 
ANOVA results however showed that there were differences (p<0.05) in levels of bitterness 
between samples. This was about 2 international bitterness units (IBUs) loss. This is usually a 
rare observation and may be attributed to the poor regeneration of the 2, 2, 4-trimethylpentane 
solvent, which was used to extract the bittering compound. This may have carried over some 
levels of iso alpha acids and hence augmenting the results. 
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4.4 FINISHED BEER ANALYSIS.   

Table 7. Average Mean Parameters generated from pearl millet and barely beer 

Values are means values of triplicate determinations + standard deviations. 

S.G= specific gravity, T.A= Total acidity (g/100ml), F.A= Fixed acidity (g/100ml), V.A= 

Volatile acidity (g/100ml), TDS= Total dissolved solids (×105ppm), TSS= Total suspended 

solids (×105ppm), PH, E.C= Ethanol content (%v/v), VDk=vicinal diketones, Total polyphenols, 

A.E=apparent Extract RE=, real Extract.colour, bitterness. 

Parameters  Pearl millet beer Barely beer 

Total acidity g/100ml 0.562±0.03 0.652±0.002 

Fixed acidity g/100ml 0.203±0.001 0.176±0.002 

Specific Gravity 1.042±0.003 1.021±0.003 

PH 3.92±0.028 3.5±0.04 

colour 6.5±0.025 6.99±0.04 

Bitterness 15.3±0.065 15.55±0.045 

VDK 0.954±0.065 0.07±0.065 

Polyphenols 245.7±0.065 299.5±0.065 

E.C(w/w) 3.43±0.03 3.65±0.02 

Volatile acidity  g/100ml 0.360±0.02 0.476±0.03 

TDS(ppm) 1.12×105 1.15×105 

TSS(ppm) 1.65×105 1.56×105 

E.C(v/v) 4.45±0.04 4.5±0.046 

A.E 1.7±0.04 1.7±0.08 

R.E 3.45±0.02 3.45±0.02 

ADOF 78.2±0.04 79.77±0.04 

O.E 10.65±0.03 10.75±0.04 
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4.4.1. Carbon Dioxide (CO2) 

Though there were relatively high levels of CO2 in the green beer at end of fermentation, post 

fermentation treatment such as filtration resulted in huge losses ofCO2. Physical incorporation of 

CO2 generally resulted in amounts that could be measured from bottled samples. The mean CO2 

of pearl millet samples was 3.2g/L and 3.3g/L for the barley samples. Even though these levels 

were generally lower than the specification in good beers (4.7g/L – 5.2g/) (Kunze, 1995), there 

was a high level of consistency in CO2 retention in all samples. ANOVA results showed that 

there was significant difference (p<0.05) in CO2 retention between samples and Since CO2 

dissolution in beers principally depends on temperature, it shows that temperature of sample 

prior to carbonation were generally the same at about 2oC.  

4.4.2 Head Retention  

Beers are usually judged by their clarity, colour and foam. O‟Rourke, (2002) said that beer is a 
supersaturated solution of gas; when poured out, the bubbles break out from solution and rise to 

the top of the glass. The effect is called “tracing”. The foam in beer is generally considered to be 

the head on the top of the glass. Two complementary conditions must be met in order to ensure 

satisfactory foam performance (O‟Rourke, 2002). They are head formation and retention. Beer 
head is formed from the bubble formation. They require a minimum level of dissolved carbon 

dioxide or mixed gas. Measured times (seconds)(table 12) as head retention was generally below 

standard times [Rudin Method, ≥ 90 secs and Nibem Method, 260 – 280 secs] (O‟Rourke, 
2002). This may be due to the method used and generally low levels of CO2 dissolution. A mean 

head retention time of 76.2 sec was measured for the pearl millet samples and 82.5 sec for the 

barley samples. ANOVA results showed that there was significant difference in head retention 

values between samples. Since all other conditions such as dissolved CO2 and dispensed 

temperature were generally the same, the presence of hydrophobic proteins, which were present 

in greater amount in barley than in the pearl millet samples accounted for the higher observation. 

All malt grist with low malt modification with the addition of wheat or barley will increase the 

level of hydrophobic proteins (O‟Rourke, 2002).  Higher alcohol products (those with more than 

7 or 8% alcohol by volume) tend to have poorer foam performance (O‟Rourke, 2002). Though 
alcohol levels were generally high for both samples 4.45.0% abv and 4.54% abv for pearl millet 

starch and barley samples respectively a good level of head retention may have been achieved if 

adequate CO2 could have been incorporated into the samples. 
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           Table 8 Head retention times for pearl millet starch and barley. 

 

                            Number of bottles for analysis 

Sample* 1 2 3 4 5 

barely 82 83 84 84 82 

Pearl millet 83 82 79 75 77 

 

4.4.3 RESULTS FOR TOTAL ACIDITY, FIXED ACIDITY, VOLATILE ACIDITY AND 

PH       VALUES FOR PEARL MILLET AND BARELY BEER. 

Table 9: Shows total acidity, fixed acidity and volatile acidity and pH values of Pearl millet beer 

for five days. 

• Values are means values of triplicate determinations + standard deviations. 

 

Days Total 

acidity 

Millet  

(g/100ml) 

Total 

Acidity 

barely 

(g/100ml) 

Fixed 

Acidity 

Millet 

(g/100ml) 

Fixed 

Acidity 

barely 

(g/100ml) 

Volatile 

acidity 

Millet 

(g/100ml) 

Volatile 

acidity  

barely 

(g/100ml) 

PH 

 

Millet 

 

PH  

 

barely 

Day 1 0.564± 

0.03 

0.650± 

0.002 

0.204± 

0.002 

0.175± 

0.001 

0.360± 

0.023 

0.475± 

0.003 

3.93± 

0.01 

4.25± 

0.02 

Day 3 0.563± 

0.02 

0.652± 

0.004 

0.203± 

0.003 

0.176± 

0.002 

0.363± 

0.025 

0.476± 

0.004 

3.92± 

0.01 

4.25± 

0.02 

Day 5 0.560± 

0.02 

0.654± 

0.005 

0.202± 

0.002 

0.177± 

0.002 

0.358± 

0.020 

0.477± 

0.005 

3.90± 

0.01 

4.23± 

0.02 
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4.4.4 THE GRAPHICAL REPRESENTATION OF TOTAL ACIDITY, FIXED ACIDITY, 

VOLATILE ACIDITY AND PH VALUES FOR PEARL MILLET AND BARELY BEER. 

 

 
Figure 27: PH values of pearl millet and barely beer 

 

 

 
Figure 28:  Total Acidity 
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Figure 29:  Fixed Acidity 

 

 
Figure 30:  Volatile Acidity 
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4. 5 SENSORY EVALUATIONS. 

4.5. 1 ACCEPTABILITY TASTING. 

The overall acceptability tasting gave the results shown in the figure 31 below. 

 

           
         Fig 31 Acceptability taste score. 

 KEY: - Code  

 240 - Barley (local) beer.  

 225 - Pearl millet beer. 

 250 - 10% pearl millet starch substitution beer. 

 235 - 25% pearl millet starch substitution beer. 

The above shows that the preferred samples, ranging from the most preferred to the least 

preferred were in the order, 235, 240, 250 and 225. This judgment may be arrived at based on the 

combined flavour attributes of colour, tingly, estery and bitterness exhibited by each sample. 

From Fig.31 above, buttressed with the ANOVA results, bitterness and tingly flavour attributes 

were not significantly different (p>0.05) between samples and may hardly influence the panel’s 

ratings. However ANOVA results showed a significant difference in colour and estery flavour 

attributes between the samples (p<0.05). These two flavour attributes invariably, may be the 

determining factors for the panel’s rating in the acceptability test. The 25% pearl millet starch-

substituted beer was the best-rated sample. The fermentation profile of the 25% pearl millet 

starch substituted sample even suggested that its beer when given the right post-fermentation 
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treatment could give beer of good quality from sensory perspective. From Fig.32, colour tends to 

be the only flavour that puts sample code 235 ahead on the others. Panelist therefore judged and 

rated the samples with their colours as the most influencing flavour attribute. First impression 

counts. Most consumers drink with their eyes and appearance is often more important than taste 

(O‟Rourke, 2002).  

         
           

           Fig. 32 SCORE ON COLOUR  

 

           
 

           Fig. 33 SCORE ON ESTERY AROMA 
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      Fig.34   SCORE ON BITTERSS  

 

         
 

        Fig. 35   SCORE ON TINGLY MOUTH FEEL 

 

* Each value in table (Results and Discussion) is the average of triplicates. The values in bracket 

are standard deviations about the mean. 
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4.6 MICROBIAL COUNT FOR BENCH STORED PEARL MILLET AND BARELY 

BEER. 

Table10: Frequency of distribution of isolates in barley malt beer. 

Microorganism  Day 0 Day 2 Day 4 Day 6 Day 8 

E. coli - - - - - 

Streptococcus pyrogenes - - - - - 

Aspergillus - - + ++ +++ 

Staphylococcus aureus - - - - - 

  + = Present           - = Not present 

Table: 11 Frequency of distribution of isolates in pearl millet beer  

Microorganism  Day 0 Day 2 Day 4 Day 6 Day 8 

E. coli - - - - - 

Streptococcus pyrogenes - - - - - 

Aspergillus - + ++ +++ ++++ 

Staphylococcus aureus + + + + + 

 

+ = Present           - = Not present        ++++= Heaviest 

Table 9: Shows the frequency distribution of isolates from bench stored barely beer brewed with 

barley malt (local). E.coli and streptococcus was absent through the culturing period, indicating 

that the beer will not lead to stomach upset. There was Aspergillus growth from the fourth day 

and was heaviest on the eighth day of the culturing period. The aspergillus growth could be 

Aspergillus flavus. The organism could have been introduced by the barley malt used to prepare 

the drink, as aspergillus sp., is one of the organism isolated by Faparusi et al (1973) from 

sorghum malt. The species of the aspergillus could be A.flavus, A.oryzae and A.chevalieri. 
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Table: 10 shows the frequency distribution of isolates from bench stored pearl millet beer 

brewed with pearl millet malt. E.coli and streptococcus was absent, aspergillus sp was present 

from the second day and staphylococcus aureus was present. The presence of S. aureus in the 

sample may be attributed to handling during production. S. aureus is a normal floral of the skin 

and mucus membrane and a common etiological agent of septic arthritis (Ellen and Sydney, 

1990). 

 

 
 

Figure: 36. Photographs of lager beer produced from pearl millet malt. 
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 4.7 Design and Fabricate equipments for the processing of gluten-free beer    
 4.7.1 challenges in automation. 
 
In automating the complex processes of brewing, many challenges arise. The first challenge is 

that of developing a mechanical system; the second, developing a control system; finally, 

interfacing the two. The mechanical system challenges start with designing a brew kettle which 

can handle the heat and chemical exposure of the brewing process, while not adversely affecting 

flavor. Once a kettle is designed, heating and cooling methods must be developed which can be 

readily controlled. The cooling cycle is the most crucial stage, as explained above, due to the 

importance of sterility in brewing.  

A method of controlling large quantities of ingredients must then be laid out. The method chosen 

must be safe for food contact and easily cleaned. It also must control up to ten pounds of mixed 

ingredients over a relatively small brew pot, including high density, high viscosity syrups and 

low density, finely ground powders. It is not uncommon for the volume of ingredients to be 

larger than the volume of water at the start of the brew cycle. The control system must be able to 

track and direct positioning of all these mechanical components. It must also simultaneously 

track time and temperature changes. These control loops may be low voltage systems with 

milliamps of current measuring temperature, or line voltage systems pulling tens of amps 

controlling heat; the system must handle them all. For practicality, the user needs full control 

over all portions of the brewing cycle, from initial steeping time to final cooling temperature. 

Therefore, the controller needs to be simple to use, yet still having sufficient processing 

capability to manage the system. 

To manufacture the complete prototype, there are a number of secondary considerations. For the 

mechanical portion, various test jigs as well as machining and assembly fixtures must be 

developed. Electronics boards must be designed and assembled to fit in a compact package, but 

must allow sufficient cooling for the hot and humid brewing environment. 
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4.7.3 Physical Build  

Before building the entire prototype, specific subsystems were assembled on trial fixtures to 

assure correct operation. Once the designs had been tested, they were machine and assembled. 

Since much of the system required welding, several fixture jigs were made to hold parts in 

alignment during the welding process.  

 
Figure 37 - Welding Fixture Mounted on Frame. 

 

4.7.6.1 Boiling Vessel  

The main requirement for the boiling vessel was to hold the fourteen liters volume required. The 

boiling vessel also needed to be easy to clean, and of sufficient thickness to prevent scorching. In 

addition, to simplify cooling, a straight sided boiling vessel was preferred. Four main materials 

were considered for the boiling vessel: stainless steel, aluminum, cast iron, and enameled steel. 

4.7.6.2 Heating Element  

The main requirement for the heating element was to provide sufficient heat to boil the required 

amount of water. The heating element also needed to be safe for indoor use, be easily controlled, 

and use a readily available fuel or power source.  
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4.7.6.3 Cooling Methods  

Choosing the appropriate cooling method was a vital aspect of this project. The main cooling 

requirement was to cool the wort from 100 °C (212°F) to 25 °C (75°F) in less than twenty 

minutes. Additionally, the cooling method needed to be easy to clean and have a sufficient level 

of controllability. Three main options were considered for the cooling of the wort: internal coil, 

external coil, and external water jacket. An internal coil, commonly used in home brewing, 

consists of coiled metal tubing immersed in the hot wort with cold water running through. An 

external coil is similar to the internal coil, except it attaches to the outside of the boiling 

container to reduce contact with the wort. The water jacket is a closed channel on the outside of 

the boiling vessel, constructed of metal sheeting, through which water flows to cool the wort.. 

Each configuration allows the use of either open or closed coolant loops, and any closed coolant 

loop allows the use of either water or a specialized refrigerant. In the considerations of an open 

or closed system, each system was defined in terms of user impact; an open system allows a 

constant influx of cold water, but also leads to more water usage. A closed system requires a 

secondary reservoir or pump in order to cool. To choose the cooling agent, a list of reasoning 

factors behind using each case was created. Cooling wort directly by passing it through a chilled 

coil, similar to distilling, requires a sanitary pumping method, as well as cooling system. This 

results in a more complex, difficult to clean system. For this reason, this system was not 

considered. 

 

4.7.6.7 Temperature Sensor  

The system needed to be able to accurately measure the temperature of the wort during the 

brewing cycle. The temperature sensor needed to be capable of measuring temperatures in the 

range from 15 °C (60 °F) to 100 °C (212 °F).  

The main fermentable hoppers are composed of three stainless steel containers, able to hold about 35 

L of liquid malt extract or 15kg of dried malt extract. These hoppers are driven by stepper motors, 

through a 12:80 gear drive. The mixer head is a surplus take-off from a Hamilton Beach blender. It 

attaches to a clamping block, which holds it and the thermistor onto the upper edge of the brew 

kettle. The frame is constructed of aluminum one inch square tubing, arranged in a hexagonal 

formation around the pot and water jacket for the base. 
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                                   Figure 39. A picture of the final prototype  
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                                                 CHAPTER FIVE  

 

Suggested Process Technology for the Production of gluten-free beer based 

gluten –free cereal cultivar 
5.1. Production of millet beer based gluten-free cereal cultivar. 

In this study, it was tried to produce  gluten-free beer based gluten-free cereal  using beer making 

equipments, so as to reduce production cost by increasing the production yield. 

5.2 Major unit operations used for processing of beer based gluten-free cereal cultivar. 

5.2.1. Silo 

The brewing process begins with the bulk storage of the most commonly used malts in this 

brewery. In this particular brewery, the most used malt would be 2-row barley and would need to 

be kept on site in bulk in order to reduce shipping costs from the grain distributor. A large truck 

travels to the site and feeds the malt into a large silo via a mechanically operated screw auger. 

The silo is kept on site directly outside of the building for quicker transportation time from the 

truck into the silo. Silo and Mechanical Solid Screw Auger 

 

                            Figure 40: Silo and Auger Conveyer 

5.2.2 Milling 

Before the grain is milled it is sent into a feed hopper which is supported on a mechanical 

platform located at the grist case. The grist case is a temporary storage hopper that feeds to the 

Inlet: Grain from 
grain truck 

Silo 

Mechanical Solid Screw Auger 
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mash tun. Typically the grist case is located above the mash tun allowing the milled grain to be 

fed by gravity into the mash tun.  

        Grain Mill 

 

 

Milling the grain serves to the purpose of breaking down the husks to allow for more absorption 

of the sugars to the water during the mashing process. During this grinding process, a fine dust 

can accumulate on the other vessels in the brewery.  

5.2.3 Mashing 

Mashing is the process in which malt grist from the milling process and water are mixed together 

at a suitable temperature so that the malt enzymes convert the various cereal components into 

fermentable sugars and other nutrients (Priest & Stewart, 2006). The liquid containing the 

nutrients is known as wort or extract and is the product after the mashing process. 

 

 

 

 

 

 

Grain Mill 

Inlet: Intact 
Grain from 

Silo 

Outlet: 
Milled grain 
to Mash Tun 

Figure 41: Diagram of Grain Mill. 
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Mash Tun 

             

5.2.4 Wort Boiling 

After the wort is created in the mash tun it is pumped into a brew kettle using the wort pump.  

           Boiling Kettle 

 

 

 

 

Mash Tun Mash fed to 
Boiling Kettle 

Milled Grain 
from Mill 

Recirculated 
water 

Water from Instant 
Hot Water Heater 

Figure 42: Diagram of Mash Tun. The outer lines depict the insulation. 

Boiling 
Kettle 

Steam from 
Generator 

Hot Mash from 
Mash Tun 

Recirculated 
Wort 

Wort fed to 
Heat 
Exchanger 

Figure 43: Diagram of the Boiling Kettle. The outer vessel is the steam jacket. 
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The boiling kettle employs a steam jacket to keep the liquid at a rolling boil for over an hour. 

Boiling over due to excessive heat causes a loss of product, and the expelling liquid creates a 

sticky film that is difficult to clean.  

5.2.5 Heat Exchanger 

From the boil kettle the wort is sent to a heat exchanger in order to be rapidly cooled. The most 

common form of heat exchanger in any particular brewery is the plate and frame heat exchanger.  

        Heat Exchanger 

 

  

The heat exchanger quickly cools the wort draining from the kettle to be fed into the 

fermentation tank. The glycol/water solution from the cooling unit reservoir is fed through the 

heat exchanger and into the main water supply entering the heating unit.  

 

 

 

 

 

 

Heat Exchanger 

Hot wort 
from Boiling 
Kettle 

Warm water 
from Heat 
E h  

Cooled Wort fed 
to Fermentation 
Tank 

Cold Water 
from Cooling 
Unit 

        Figure 44: Diagram of the Heat Exchanger. 
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5.2.6 Fermentation Tank 

The modern and most common type of fermenter is a cylindrical closed tower with a conical 

bottom.  

            Primary Fermenter 

 

 

Adding yeast to the wort to induce fermentation and the production of alcohol occurs in the 

fermentation vessel. The tank is jacketed with the cooling glycol/water solution maintaining a 

constant temperature. Temperature is a crucial element in the fermentation process in order to 

maximize the functionality of the yeast.  

 

 

 

 

 

 

 

Fermentation 
Tank 

Cooled Wort from 
Heat Exchanger 

Cooling Water Recirculated 
through Cooling Unit 

Spent Yeast 

Beer fed to 
Filter Unit 

Figure 45: Diagram of the Fermentation Tank. The outer vessel is the jacketed for cooling. 
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           Filter 

 

 

The filter prevents any residual yeast or solid residue from entering the brightening/conditioning 

tank which is directly linked to the bottling and keg filing steps of the process.  

5.2.7 Brightening Tank  

 

 

The brightening tank has the same jacketed structure as the fermentation tank, but all of the yeast 

and solids are removed by the filter so there is no outlet for solid residue. 

 

 

 

                                       Figure 46: Diagram of the Filter. 

Filter 

Beer from 
Fermentation Tank 

CO2 Tank 

Bright beer 
Tank 

Cooling Water from 
Cooling Unit 

Filtered Beer 
from Filter Unit 

Cooling Water 
Recirculated to Cooling 
Unit 

Beer fed to 
Distribution 
Vessels 

              Figure 47: Diagram of the Brightening Tank. 

Filtered Beer fed 
to Brightening 

Tank 
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5.2.8 Bottler/Labeler, Keg Filler, and In House Kegs 

 

 

 

  

The bottling and kegging process is the major component for the distribution of product. The in 

house kegs hold the lowest percentage of each batch, but all the storage containers share similar 

hazards involving contamination, overfilling and pressurizing, and losing product to spills.  

5.2.9 Steam Generator 

 

 

 

 

The steam generator plays a crucial role in product quality. Maintaining constant temperature in 

the mash tun and boiling kettle is essential to reproduce the extraction and fermentable sugar 

profiles which determines the taste of the beer and alcohol percentage.  

In House Kegs 

Bottler/labeler 

Keg 
Filler 

Beer from 
Brightening 
T k 

Steam Generator 

City Water Feed 

Steam fed Boiling Kettle 

Figure 48: Block Diagram for the Bottle/Labeler, Keg Filler, and In House Kegs. 

Figure 49: Block Diagram of the Steam Generator. 
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5.2.10 Instant Hot Water Heater 

 

The instant hot water heater is temperature controlled by electrical controls. The outlet feeds 

directly to the mash tun which requires exact and constant water temperature. If the water flows 

too low, the temperature of the water will be too high going into the mash. If the water flow is 

too high, the mash temperature would be too low going into the mash causing loss of product. 

Failure of valves to open leading into the mash tun can result in delay of the brewing process and 

pressure buildup in pipes. A FIA and PIA should be installed to prevent the deviations in water 

temperature.  

     5.2.11 Cooling Unit 

 

 

   

The cooling unit is another essential quality control component in the brewing process. The 

glycol/water mix is kept in a temperature regulated reservoir and circulated to the jackets of the 

fermentation tank, brightening tank and heat exchanger.  

Instant Water Heater 

City 
Water 

Hot Water fed to 
Mash Tun 

Cooling Unit 

Cooling Water fed 
to Heat Exchanger 

Cooling Water fed to 
Fermentation and 
Brightening Tanks 

Recirculated 
Cooling Water 

City Water 

Figure 50: Diagram of the Instant Hot Water Heater. 

Figure 51: Diagram of the Cooling Unit. 
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                                       Steam Generator 
                                       

     
                                                                                                                                                                                                               

   
                                               Instant water heater          city water 
          Grain mill 
                                                                                                         

                           Mash tun                                          
                                  Silo              boiling               
 
Grain truck               kettle 
 
 
 
  
                        Mechanical solid screw Auger 
        Keg filler cooling unit 
 
 
  
                                         Co2 tank 
          Fermentation 
        Brightening Filter     Tanks 
          Tanks 
              
Labeler/ heat Exchanger 
Bottler                                                                                                                                                             
 
 

                  In housing kegs 
 
Figure 5.2: Equipment layout for processing of beer based gluten-free cereal cultivars
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5.2. Material and energy balance on major unit operations 
 
Material and energy balances are the basis of process design. A material balance used over the 

complete process will determine the quantities of raw materials required and products produced. 

And also the energy balance is used to determine the energy requirements of the process the 

heating, cooling and power required (Coulson and Richardson, 2005). Hence, the need to 

conduct the material and energy balances on the major unit operations was to scale up all the 

parameters used for production of pearl millet beer in laboratory for the annual production of the 

plant. They are needed to select the capacity of the equipments used for processing, estimate 

economic analysis, profitability and financial feasibility of the processing plant. 

The American Brewer’s Association classifies a microbrewery as one which has an annual 
output of less than 450hl of beer annually and sells 75% or more of the beer produced at the 
brewery offsite.     

 

1(keg)    *    500 drinkers* 28 Weeks         *        30L 
                          (Week)(Drinker)               Academic Year                       keg 

 
 

                                                              4200hl/year 

This estimate and the desire to be classified as a microbrewery influenced the decision to set 
production output to 70000 liters (700hl) annually. Brewing operations will occur four times a 
week and each brewing day will yield sweet and bitter wort which will ferment over the course 
of 14 days into 7000 Liters of beer. 

Table 12: Grain and Hop Bill 

     Recipe: Grain Fraction Recipe. Hops(Kg/Hl) 

      Pearl millet                               85%   IKE @10min                0.2 

      Caramel                                   7.5%   CO2 Extract@5min   0.2 

      Hops(IKE and CO2 Extract)  7.5%  

  

Equation1                                            (Target SG) - 1)* 1000= Target Gravity Points    
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Table 13:   Points per grain. 

Raw marerial used Points Per Grain 

Pearl millet 80000 

Caramel 7000 

Hops(IKE&CO2 extract) 7000 

 

The total points per grain depict the points if complete solubility of each grain could be achieved, 

however this is not possible. All malts are tested for their maximum solubility and the results 

from these laboratory results are present in malt analysis sheets that accompany grain shipments. 

In industry brew house yields (BHY) of 80-95% are common (Briggs, Boulton, Brookes, & 

Stevens, 2004, p. 660), and it was assumed this brewery would operate at a BHY = 90%.  

Equation 2 

                                                 

 

                                              

Table14: Grain Required and Extraction Percentages                                     

Type of material used       kg    CG/FG 

   Millet malt     2390        65% 

   Caramel 60L     166        77% 

 Hops(IKE,CO2-extract)     150        45% 

 

When brewing a batch of beer grains are milled and directed to the mash tun and the initial 

water, hot liquor, is mixed with the grain to form grist. The mashing process involves using two 

volumes of water of equal volume; the first infusion is with hot liquor (Fix, 1989, p. 99). The 

mash is allowed to rest for sixty minutes to allow the starches to enzymatic ally decompose. The 

water and dissolved material, wort, is then separated, lautered, from the spent grain and directed 

to the boiling kettle. The second infusion of water, sparge water, is then added to the mash tun to 



88 
 

rinse the spent grains of any remaining extract and directed to the boiling kettle. The spent grains 

removed from the mash tun are up to 80 percent weight by water (Briggs, Boulton, Brookes, & 

Stevens, 2004, p. 199). 

The weight ratio of hot liquor to grain is known as the grist ratio and was found to be 1.5kg hot 

liquor/kg of grain. This value was the result of an optimization at the end of the material balance 

to account for properties in the mash tun and boiling kettle. With this grist ratio and estimated 

extraction wort leaves the mash tun at 10.60 °P.  Table 15 summarizes the material balance 

around the mash Tun. 

              

                           

The temperature of the hot liquor, the strike temperature, was calculated so that the resulting 

temperature of the mash was 158 °F, according to the results from experimentation. Calculates 

the strike water temperature needed for water being supplied at 70°F, grain at 77°F, for the 

aforementioned mash temperature. 

Equation 3 

                             

                    

Table 15: Mass Balance - Mash Tun 

                 In                          out 

                                                                Creating the wort 

             Infusion                    Wort (sweet) 

     4225.8   water(kg)        7469.7  water(kg) 

     1228     Milled grain(kg)        885.3  Absorbed mash Material(kg) 
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                 sparging               Spent grain 

      4225.8  water(kg)      982.5   water(kg) 

      342.8Un-absorbedmashmaterial(kg) 

 

Wort enters the steam jacketed kettle and is brought to a boil. Boiling induces a “hot break” 

which is a coagulation of soluble proteins which if left in beer provide undesirable cloudiness 

and off flavors. The proteins which become insoluble in the wort represent a small percentile 

relative to the weight of the water, sugars, and hops and it was assumed not to represent a 

significant fraction to require calculating for the material balance. The amount of hops required 

was summing the multiplication of each hop fraction by the liters of beer required. 

(7380.8liters*0.09 kg IKE/liters) + (7380.8liters*0.09 kg CO2 Extract/liters) 

                                                  =134.2kg hops                                                     

During the 90 minute boil the water evaporates from the boiling kettle at a rate of 4 percent per 

hour (Briggs, Boulton, Brookes, & Stevens, 2004, p. 327). The boiling process has the effect of 

sterilizing the wort and provides the energy to isomerize the hop oils, fixing them to the wort. 

The boiling point of sugars and the organic hop material are significantly higher than water and it 

was assumed only water would evaporate from the kettle. After boiling, the wort is whirl pooled 

to concentrate the trub in the center of the kettle, the wort is piped out, and the trub left behind is 

collected for disposal. The wort at the end of the boiling process is estimated to be 11.28 °P and 

Table 9summarizes the material balance for the boiling kettle.  

The hot wort piped from the boiling kettle passes through a heat exchanger where it is cooled to 

70°F and injected with oxygen that will provide yeast the reductive power necessary for aerobic 

respiration. An industry rule of thumb suggests that wort exposed to oxygen above 80°F 

promotes oxidation of wort components leading to off flavors and low shelf life (Harris, 2011). 

Cooling wort to 70°F serves to prevent oxidation and happens to be the fermentation 

temperature. 
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Table 16: Mass Balance - Boiling Kettle 

                 In                          out 

                                            Creating the wort 

             Wort (sweet)                    Wort (bittered) 

    7469.7  =   Water(kg)    7469.7   =  Water(Kg) 

    885.3 = Absorbed mash material(kg)     885.3= Absorbed mash Material(Kg) 

                 Hopping      4.13    = Absorbed hop material(Kg) 

    134.2    =  Hops(kg)                 Trub 

    23.51=Un-absorbed hop material(Kg) 

    22.15  = Water(Kg) 

                   Evaporated 

        448.09 =      Water(Kg) 

 

 To estimate the amount of gallons of wort correlation between °P and specific gravity was used 

and this value was multiplied by gallons of water leaving the boiling kettle (Palmer, 2006, p. 

266). The liters of water were calculated by dividing the weight of the water by the density of 

water at 20.5°C. 

 11.280P=1.045                                   

                        6999.3kg water*3.78liters/3.78kg*1.045=   7314.3 liter wort.                                

The liters of wort were then multiplied by the degrees of attenuation dictated by the recipe, 10.65 

°P. The oxygen required and the percentage of oxygen per liters of wort was calculated to be: 

                     7306.74*10.65 °P*0.00000038kgO2/liter*°P=0.0577kgO2. 

                            0.0577kgO2/7306.74liter=0.0000655kgO2/liter wort. 

This figure was checked to determine if any oxygen was being wasted by applying Henry’s law 

to determine how much oxygen could theoretically be dissolved into the wort. For this 

calculation it was assumed that that 3.78liter of wort behaved similar to 3.78 liter of water, that 
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wort would be at atmospheric pressure, and that oxygen would have a partial pressure of 0.21 

atmospheres.   

 P=KHC 

 0.21                   = C= 0.0000753kgO2/liter wort 

 (822.13 L*atm/mol*453.59grams/lb 

                                  3.785lit/gal*32gram/mol 

                            

                                          0.0000655kgO2/liter wort   =96% saturation 

                                          0.0000753kgO2/liter wort 

 

The result shows that the oxygen would not be provided in excess and that enough would be 

present for the yeast to utilize. The results of the mass balance for aeration are presented in table 

17 below. 

Table 17: Mass Balance –Aeration. 

                In                       out 

                                    Aerating the wort 

     Wort (warm/unaerared) Wort (cool/aerated) 

       6999.3=      water(kg) 6999.3= water(kg) 

      890=   Total dissolved solid(kg) 890= total dissolved solid(kg) 

               oxygen                oxygen 

       0.057=      Oxygen(kg)        0.057=      Oxygen(kg) 

 

After aeration and cooling the wort enters the fermentation tank and yeast is pitched at a rate of 

0.000379 kg per Liters of wort (Briggs, Boulton, Brookes, & Stevens, 2004, p. 402). A quick 

calculation yields 
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The aerated wort provides the chemical energy in the form of oxygen necessary for aerobic 

metabolic pathways in yeast to grow and multiply. Once the oxygen is consumed yeast switch to 

lower energy producing fermentation pathways. This switch is what allows 0.00207 kg of extract 

to yield 0.000998 kg of ethanol, 0.00095 kg CO2, and 0.0001103 kg of yeast (Priest & Stewart, 

2006, p. 442).  

Fermentation is the process that turns wort into beer. The alcohol levels are set in this process 

and fermenting wort is drawn off the fermentation tanks daily to keep a check on quality. The 

percentage of fermentable sugars that the yeast consumes, the attenuation, allows for the 

calculation of the yield of ethanol, CO2, and yeast per batch.  

   

                

               

                         

This resulting 25% unfermented sugars contribute sweetness and body to beer to balance out the 

bitterness of hops, sting of ethanol, and bite of carbon dioxide. The yeast removed at the end of 

fermentation contains 80% weight by water (Briggs, Boulton, Brookes, & Stevens, 2004, p. 371).  

Beer leaving the fermentation tank is predicted to be 3.43 °P. The weight % alcohol of the beer is 

calculated by Equation 9.Table 11 summarizes the mass balance of the fermentation tank. 

 

Equation 4          
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Table 18: Mass Balance - Fermentation 

                 In out 

                                                Creating Beer 

               Unfermented wort                     Green Beer 

   6999.32=water(kg)   6977.9=  water(kg) 

   890 =Total dissolved solid(kg)    350=Ethanol(kg) 

                 Pre-fermentation    222.5=Total dissolved solid(kg) 

   7.3 =  yeast(kg)     308.7= CO2(lbs) 

              Post-Fermentation 

       35.5=yeast(kg) 

        28.6=Water absorbed(kg) 

  

From the fermentation tank beer is passed through a filter to remove any insoluble debris and 

yeast still in solution. For this process a diatomaceous earth filter was used and it was assumed 

no beer was lost and that filtration was 99.9% effective. The choice to include this process in the 

mass balance was based on the importance of this process. The amount of mass being removed 

from the beer relative to the mass of the beer is small, but they are in concentrations high enough 

to cause undesirable aesthetic properties, i.e. cloudiness. Table 12 highlights the mass balance 

Table 19: Mass Balance - Filtration 

         In out 

                                      Creating  Clear Beer 

       unfiltered  Beer     Filtered Beer 

        752.3=    Beer(kg)            7523.2 =  Beer(kg) 

        35.5= Yeast(kg)            0.036=   Residual Yeast(kg) 

            Filtrate 

     35.5  Yeast(kg) 

 

“Green beer” leaving the fermentation tank contains carbonation from the fermentation process 

which can be estimated using Henry’s law. It was assumed that the partial pressure of CO2 in the 
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fermentation tank was 1 ATM, that beer was not exposed to the air after fermentation, beer 

behaved similar to water, and that the filter did not remove any CO2(Harris, 2011). This 

estimation will help to determine the mass of CO2 needed to carbonate the beer to the appropriate 

levels and help reduced material costs associated with carbonation. 

Equation 5                                                                       P=KHC                        

                                                                            1 ATM 

                               31.77 L*atm/mol*1000grams/kg       =0.00138kgCO2/lit beer 

                                            44gram/mol                                   

An industry standard when carbonating beer is to refer to the amount of carbonation as volumes 

of CO2 per volume of beer. Ales generally have a carbonation of 1.7-2.2 volumes. Carbonation 

levels affect how beer aromas lift from beer, the head of the foam after pouring beer into a glass, 

and the bite as carbon dioxide bubbles sweep across your tongue. For our process a ratio of 2.0 

volumes of carbon dioxide was chosen and accounting for the CO2 still in solution yields a 

requirement of 1.30 volumes.   

                             

                                        

                             
From this calculation it is easy to see that by careful handling beer after fermentation can help to 

keep production costs down. It is common for breweries to supply CO2 blankets when 

transferring beer to bottles and kegs to minimize the loss of CO2 in solution. From the 

brightening tanks beer in the brewery would be bottled and kegged accordingly and sold to 

distributors. 

Table 20: shows the results of the Carbonation Process 
    In  out 
                                                          Carbonating The Beer 
   Semi Carbonated Beer      Fully Carbonated Beer 
     7523.2=  Beer(kg)      7545.0   Beer(lbs) 
     22 =   Co2(kg)  
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Energy Requirements 
The energy required to operate the different pieces of equipment to create beer is a major cost 

that must be analyzed when considering the construction of a brewery. Large volumes of water 

must be heated and environments must be thermally controlled to account for environmental 

temperature fluctuations. The power requirement for each pump, cooling and heating unit, and 

general operation is essential to an economic analysis in order to optimize the brewing process. 

To give an accurate estimate an energy balance is performed on each component in the brewery 

and an analysis is performed to ensure an efficient operation. 

The mill requires power input to crush the grain in order to allow maximum extraction of sugars 

in the mash Tun. Two auger conveyers leading to and away from the mill carry the whole grain 

and milled grain and require a power input to move the material at an efficient speed. The mill 

used for this process is 60 horsepower (hp), according to the manufacturer which converts to an 

energy requirement of 44.74 kW/hour (Grain). Running at 4000 lb per hour will require 0.68 

hours to mill the 2705 lbs of grain required per batch. 

                                                 

                                 

The auger conveyers have the capacity to move grain at 18,000 lb/hr. However, the mill can only 

operate at 4000 lb/hr so the conveyer rate must be operated accordingly to prevent overflow. The 

energy requirement given by the manufacturer states that the energy requirement for running the 

conveyer at 18,000 lbs/hr is 1.13 kW/hr (Hemad Zareiforoush). Scaling this to the capacity of 

this brewery changes the energy requirement to 0.251 kW/hr. The operating time for the augers 

would be the same as the mill in order to maintain consistent material flow. The calculations for 

the augers and mill are summarized in Table 21. 
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Table 21: Energy Calculations for the Mill and Auger Conveyers. 

Auger Conveyer 1 Mill Auger Conveyer 2 

Required For Auger: Required For Mill: Required for Auger: 

For 18,000 lb/hr kW for 4000 lb/hr F or 18,000 lb/hr 

kW/hr 1.13 kW/hr 44.74 Kw/hr   1.13 

kW/h for 4000 lb/h   kW/h for 4000 lb/h 

                 = 0.251 

  

                          = 0.251 

 

kW = 0.196 kW = 34.86 

 

            kW =0.196 

 

A Hot water heater brings the water that will combine with the grains, to form grist, to strike 

water temperature. This temperature is slightly higher than the desired mashing temperature to 

account for the energy absorbed by the grains and was calculated in Equation 7. It was assumed 

that the insulation around the mash Tun would prevent any appreciable drops in temperature in 

the mash.  

After the hour long mash an amount of water equal to the first infusion is used for the sparge 

process to increase sugar extraction efficiency. The temperature of the sparge water should be 

between 100 and 170 °F to prevent the extraction of tannins from the grain and maintain a low 

viscosity to prevent “sticking” when lautering. A temperature of 150°F was chosen for the sparge 

process. The energy requirements for the hot water heater as shown below: 

Calculating For strike water addition: 

 

Calculating For sparge water addition: 
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The sum of the two energy requirements and the application of the efficiency of the hot water, 

given by manual specifications of 91% yield a total energy requirement to heat water as: 

           950,845KJ+784,202KJ = 1,906,645KJ 

                   91% efficiency    

The model paperwork provides Equation 10 and Equation 11 to calculate the power and flow 

rates required to heat incoming water to a specific temperature. 

 

 Equation 6                                                      

 

  Equation 7                                                      

The flow rate in gallons per hour (GPH) was selected to be 185 GPH. Using this value in 

Equation2 yields a required power of 40.63 kW per batch. 

                                  

The manufacturer’s paperwork indicated that the pump runs on 5 hp for a total capacity of 215 

GPM (Equipment B. P.).This process uses a flow rate of 200 GPM, which brings the power 

requirement for this operation to 3.518 kW. A summary of the calculations for the heater and 

pump can be seen in Table 22. 
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Table 22: Energy Calculations for the Hot Water Heater and Pump. 

Hot Water Heater Hot Water Heater Pump 

Strike    =950,845KJ Power required  

Sparge =784,202.0KJ HP=5 

Total KJ (η=91%)    Pump Capacity 

Flow Rate GPH=185 

Gal total  =   2235.24 

GPH=215 

Kg/sec  13.54 

Hours     =    0.024 

Gal/hr   =    250 

Running 200GPM 

GPM=200 

KW       =   40.63 Kg/sec 12.59 

Per week  =  162.50 Kw required at capacity= 3.78 

Per month = 650.02 Kw required at 200GPM= 3.52 

 

In the mash Tun, there is a mixer which rotates the mash constantly, stirring the grist to ensure 

equal heating and mixing. The mixer operates at 3 hp which corresponds to 2.24kW of power 

needed to run the mixer for an hour. The pump which draws the liquid from the mash Tun and 

transfers it into the boiling kettle is an Anoxia RV 80 model which has the capacity to run at 793 

gallons per minute (GPM) using 2.2 kW of power (Equipment I. ). Running the pump at 500 

GPM over 2.64 minutes would take0.097 kW of power to move the total volume of wort to the 

boiling kettle. A summary of the calculations for mash Tun mixer and pump can be seen in Table 

23:  
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Table 22: Energy Calculations for Mash Pump.  

                                               Mash pump 

  GPM 793 

rpm 1800 

M3/min 85 

Kw/hr 2.2 

Run at 500gpm 500 

Gal wort 1318.27 

min 2.64 

Kw 0.097 

                                    3 Hp Mixer: 

 KW 2.24 

The boiling kettle receives the hot mash from the mash Tun and brings the solution to boil using 

a steam jacket. Assuming the solution holds at a consistent 100°C during the boil, the energy 

required to boil the solution can be calculated using Equation 12. The change in temperature for 

this case is from the mash temperature of 70°C to the boiling temperature. It was assumed that 

there was no heat loss in the pipes.  

 

The amount of steam needed to heat the kettle contents to boiling temperature is given by 

Equation 12. Q is the amount of energy transferred in kJ and hv is the evaporation energy of 

steam in kJ/kg. The energy required to evaporate water was found to be 2257 kJ/kg. 

Equation 8 

                                             

                                 



100 
 

The total energy required to bring the wort to boiling temperature and boil for an hour and a half 

was found to be: 

 

                   

For the boiler operating at 6.9 bar and160°C the enthalpy of steam was given by steam tables as 

and the amount of pounds of steam required to deliver the required amount of energy was found 

to be: 

                                     

                                                            H=1329.3BTU/lb 

 

                 

Total BTU required to be generated by the steam boiler assuming a closed system with no leaks 

or energy losses to the environment and a boiler operating efficiency of 84% was calculated: 

                                                            

The amount of time required to produce 2,203,084 BTU of energy is used with the boiler’s 

capacity of 3,864,000BTU/hr to find the required time it takes to run the boiler per batch: 

                                          

This amount of time would require a fractional amount of horsepower to operate for the 1.5 

hours. This is calculated by the following equation: 

                                                                  

Since this brewery is only utilizing about half of the boiler’s operating capacity, it would be able 

to operate at full capacity and supply steam to an optional second boil kettle. This unutilized HP 
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leaves room for future expansion within the brewery. This 115 HP boiler will require natural gas 

to run which has an energy capacity of 1000BTU/ft3 (Williams, 2011). The total amount of 

natural gas required to operate the steam boiler is calculated by: 

                              

The whirlpool pump recirculates the wort after boiling to force all remaining solids to the center 

while the supernatant is pumped to the heat exchanger. The pump used is the same as that used 

for the hot water heater. The power requirement is 5 HP and the flow rate is 200 GPM and the 

calculations are the same as shown above. 

Table 24: Energy Calculations for the Boiling Kettle, Whirlpool Pump, and Outlet Pump 

Boiling Kettle Whirlpool Pump Pump 

Q=mCpdT Power Required Power Required 

Temperature in Kettle: HP=5 HP=5 

C=100 pump capacity pump capacity 

ms = q / he  GPM=215 GPM=215 

he=2257KJ/Kg kg/s=13.54 kg/s=13.54 

qFlow (kW)=1149.36KJ running at 200 GPM running at 200 GPM 

kW= 0.1715 GPM=200 GPM=200 

Steam Needed (kg/s) 

kg/s=0.0001 

kg/hr=0.2736 

 

kg/s=12.59 kg/s=12.59 

kW Req at capacity=3.782 kW Req at capacity=3.782 

kW Req at 200 GPM = 

3.518 

kW Req at200 GPM=3.518 

kg steam  Total=0.410   

 

The hot wort flows from the kettle to the heat exchanger where cooling water also flows to bring 

the wort to fermentation temperature. The heat transfer rate (q) can be calculated using equation 

9 
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Equation  9 

                                                                       

Running the pump at a flow of 200 GPM gives a run time of about 10 minutes. The change in 

temperature in this process is from the boiling temperature of 100 C to fermentation temperature 

of 21C.  

                                 

The pump calculations are the same as previously shown. Table 17 summarizes the energy 

calculations for the heat exchanger below. 

Table 25: Energy Calculations for the Heat Exchanger and Pump. 

Heat Exchanger Pump 

q = Cp dT m / t  Power  Req'd 

q (heat transfer rate) Hp= 5 

kW (kJ/s) -7.64 pump capacity  

    GPM= 215 

Runtime kg/s= 13.54 

sec 606.27 running at 200 GPM 

min 10.10 GPM= 200 

    kg/s= 12.59 

Q Total through Heat Exchanger kW Req'd at capacity= 3.782 

kJ -4630.78 kW Req' at 200 GPM= 3.518 

 

The fermentation tank keeps the beer at a constant 21°C while the reaction of glucose converting 

to ethanol and carbon dioxide occurs. The heat of formation of ethanol and carbon dioxide from 

glucose was used to estimate the heat generated in the fermentation tanks. From this an estimate 

could be made regarding the cooling water required to provide adequate heat removal. The 
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stoichiometry of the chemical reaction is shown below and Equation 14 is used to calculate the 

heat evolved.  

                                                       

Equation 30 

                                                 

 

                                    

In order to calculate the amount of heat given off per batch it was assumed that the wort being 

fermented into beer had the same heat capacity as water that all of the extract from the grain was 

glucose, and that yeast had an attenuation of 75%. The heat of formation was recognized as 

being exothermic and set positive to avoid confusion. 

           

Assuming the heat capacity of water at 21°C the temperature rise of the beer without cooling was 

determined. 

                                      

The temperature tolerance of fermenting beer is between 15.5 and 26.6 °C.The non-ideal mixing 

of ethanol and water results in a heat release of 777 J/mol; a small figure in comparison to the 

enthalpy of formation released during glucose consumption and shall be assumed to be 

negligible. The total heat to account for by the cooling water is summarized in Table 18. The 

pump calculations are the same as mentioned previously.  
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Table 26: Energy Calculations for the Fermentation Tank and Pump. 

Fermentation Tank Pump 

Heat of formation (kJ/mol): -73.4 Power Req'd 

Attenuation: 75% Hp 5.0 

lbs glucose: 1950 pump capacity  

M.W. (mol/lb) Glucose: 2.517 GPM 215 

  kg/s 13.54 

  running at 200 GPM 

  GPM 200 

  kg/s 12.59 

  kW Req'd at capacity 3.782 

Heat Evolved 270,269.5  kW Req'd at 200 GPM 3.518 

 

Fermentation does not occur in the brightening tank because all of the yeast is filtered out of the 

beer, preventing further reactions from occurring. Therefore, the cooling water only has to 

maintain the tank temperature for conditioning purposes and was considered negligible. 

The total amount of energy required for this process was plotted against the different mashing 

temperatures tested. The differences in total energy (in kW) are outlined in Table 26 for batch, 

monthly, and yearly differences and the batch scale differences graphed in Figure 17. 

It can be seen from the graph that the energy required for each batch at different mashing 

temperatures increases with temperature and is important for economic analysis. The mashing 

temperature selected for this brewery is 70°C in order to sell our product for the most amount of 

money as a result of the superior product quality. The cost resulting from the increased energy 

requirement must not exceed the profit expected from sales otherwise the business will not be 

successful in making a profit. 
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Table 2 . Comparative Energy Consumption in kW for the Three Tested Mash Temperatures. 

                                         Total Energy (kW) 

  55C 63C 70C 

kW per batch 113.44 122.44 130.615 

kW per month 1815.09 1958.98 2089.84 

kW per year 21781.04 23507.75 25078.08 

 

 

Figure 52: Energy requirement difference for each experimental mash temperature per batch. 
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5.3. Economic evaluation of the plant  

 
5.3.1. Plant capacity and production program  

The Brewery plant is assumed to work for 300days per annum. Therefore, based on selected 

plant capacity of the plant from material balance (i.e., 700hl/year = 700,000liter/year) and the 

annual production program is formulated and assumed to achieve 80% and 90% capacity 

utilization rate in the first and second year and full capacity will be attained in the third year and 

onwards.  

Table 5.1: Annual production capacity and production program 

Serial no          Description                                                              Production Program. 

   1.               Capacity utilizations rate (%)                               1st             2nd                   3rd        

                                                                                               80          90       100 

   2.             Production (Kg/year)                                           80,000         90,000     100,000 

 

5.3.2. Equipment cost  
 
Based on their size and material of construction of each piece of brewing processing equipments, 

the purchase cost is estimated (Table 28) in appropriate equipment manufacturing companies. 

There were a total of 21 items that were considered essential pieces of equipment needed in order 

to carry out the complete brewing process. A list of these pieces of equipment, their respective 

manufacturers, and price can be seen in table 28. 
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Table 28: Essential Equipment Capital costs, and Manufacturers. 

*Costs obtained from the internet (http://www.matche.com and http://www.alibaba.com), retrieved on 
April, 2012. 

 

 

 

 Item              Manufacturer               Price(birr) 

Auger1 Brock Grain  System 194,200 

Auger 2 N/A 135,940 

Mill                N/A 135,940 

Grain Vacuums Pleasant Hill Grain Company                135,940 

Brewing pump JET                9,710 

Mash pump AAA Metal Fabrications    47,967.4 

Brew pump  AAA Metal Fabrications      83,039.92 

DE Filter Della Toffola        1,429,969.56      

Mash tun AAA Metal Fabrications     822,165.12 

Boil Kettle AAA Metal Fabrications     641,792.16 

Heat Exchanger AAA Metal Fabrications 291,300 

Fermentation tank(8) AAA Metal Fabrications               5,204.56 

Brightening tank(8) AAA Metal Fabrications       4,704,145.44 

Refrigeration room Foster Cooler              100,984 

Bottling Machine Ager Tank and Equipment        1,000,751.7 

Labeling Machine Ager Tank and Equipment 384,516 

Hot-water heater Hubble 466,080 

Glycol-water chiller Glycol chillers               384,516 

Steam boiler AAA Metal Fabrications      2,211,743.8 

Piping AAA Metal Fabrications                645,481.96 

 Total                                                                                                                 13,831,387.7 
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5.3.3. Fixed capital investment estimation  

The required fixed capital investment for brewing processing plant is estimated from the total 

purchased equipment cost using the equipment cost ratio method by considering it as solid-fluid 

processing plant.  

 
Table 5.3: Fixed capital investment estimation. 
 

Item Percentage (%) Price(Birr) 

                            
                                                             Direct Cost    
 
Purchased and Delivered 
equipment cost  

 100.00                       13,831,387.7               

Purchased Equipment Installation   47.00                         6500752.2  
Instrumentation and Controls   10.00                          1,383138.77 
Piping Installation   17.00                         2,351,335.90  
Electrical Installation   11.00                       1,52 1,452.65  
Buildings   20.00                        2,766,277.54  
Yard Improvements   10.00                        1,383,138.77  
Service Facilities   45.00                        6,224,124.46 
Land   6.00                        829,883.2  
Total Direct Cost   266.00  

 
                      22,960,103.5  

                                                             Indirect Cost  
 
Engineering and Supervision  31.00                       4,287,730.20  
Construction Expenses  35.00  

 
                     4,840,985.7  

Total Indirect Cost  66.00  
 

                   9,128,715.9  

Total Direct and Indirect Cost  332.00  
 

                   32,088,819.4  

                                                                Other Costs  
 
Total Direct and Indirect Cost  332.00                    32,088,819.4 
Contractor's fee  17.00                    5,455,099.3  
Contingency  20.00                    6,417,763.80  
Fixed Capital Investment (FCI)  369.00                    43,961,682.6  
Working Capital Investment 
(WCI)  

55.35                    24,332,791.3  

Total Capital Investment (TCI)  424.35                   68,294,473.90 
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5.3.4. Total product cost estimation  
 
Total Product Cost=Manufacturing Cost +General Expenses Manufacturing Cost =Direct 
Production Cost+ Fixed Charges +Plant Overhead Costs General Expense=Administrative Costs 
+Distribution and Selling Costs +Interest  

A. Direct production cost  
 
Direct cost = Raw materials + utilities + operating labor + Direct supervision + 
maintenance and repairs + operating supplies + Laboratory charges  
 
Main Raw materials cost  
 
The major raw materials used in production of pearl millet beer are pearl millet, hop, water ,yeast, 

additives. From the material balance the raw materials used during mixing was calculated. Therefore, 

the annual required raw materials with their assumed prices can be shown in the following Table:  

Table 29: Raw Materials and Respective Manufacturers, and Price. 

Item Manufacturer Amount(Batch) Unit price Price(Batch) Price(yearly) 

Pearl millet Assela malt Factory 1074kg 6.82birr/kg 1624birr 3,119,896.7 

caramel Country Malt 72kg 25birr/kg 400birr 33843 

hop Country Malt 22.5kg 880birr/kg 440birr 143,930 

Lager yeast White Labs 24.4L 950birr/kg 450birr 661300 

Diatomaceou

s Earth 

Country Malt 15.5kg 2000birr/kg 350birr 88983 

                         Total  3264birr 4047970 birr 

 

Utilities cost  
 
There are five different types of utilities used within this brewery. These utilities can be viewed 

in 29 along with their provider and yearly costs. The use of all of these utilities totals to187, 995 

birr and does not include the electricity to run the equipment. Electricity cost includes the energy 

cost required for the equipments, light, fans and other equipments. 
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Table 39: Utilities used Respective Providers, and Pricing. 

Item Provider Amount(Batch) Unit price Price(Batch) Price(yearly) 

water RJ water works 413.2m3 80birr/m3 250birr 32,695 birr 

Natural gas DOE 2203 m3 250birr/m3 400birr 78,000birr 

water governmental 650 m3 200birr/m3 200birr 52,000birr 

CO2 Recovery 48 m3 $60birr/m3 200birr 24,500birr 

O2 Chora plc 0.127 m3 50birr/m3 100birr 800birr 

 

Table 30: Energy Costs for Each Piece of Equipment. 

component Energy 

required(Batch) 

Energy 

required(yearly) 

Energy cost 

    (batch) 

Energy cost 

      (year) 

Auger1 0.196Kw 37.632Kw 0.40 birr 74.5birr 

Auger 2 0.196 Kw 37.632 Kw 0.4 birr 74.5birr 

Mill 34.856 Kw 6692.352 Kw 69.05birr 13,245birr 

Grain Vacuums 1.13 Kw 216.96 Kw 2.24birr 427.9birr 

 Brewing pump 21.06 Kw 4043.52 Kw           41.72birr 8596.9birr 

 Mash pump 2.24 Kw 430.08 Kw 4.45birr 852.0birr 

 DE Filter 20.74 Kw 3982.08 Kw 41.02birr 7896.7birr 

Mash tun 2.24 Kw 430.08 Kw 4.48birr 855.8birr 

Refrigeration 

room 

1.864 Kw 134.208 Kw 3.69birr 272birr 
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Bottling Machine 4.32 Kw 828.44 Kw 8.65birr 1644birr 

Labeling Machine 0.054 Kw 10.368 Kw 0.84birr 20birr 

Hot-water heater 40.63 Kw 7800.76 Kw 80.2birr 15,462.8birr 

Glycol-water 

chiller 

660 Kw 23650 Kw 1307.8birr 470,806 birr 

 Total           792.826Kw          262878.9Kw     1570.9 birr            521,260 birr 

 

From energy balance for the major processing unit operations:  
For Augers, QA=0.196.kW for one hour processing but, the Augers works for 30min and 

300days. Therefore, QA=37.632+37.632 kW/year.  

For Milling, QM=34.856kw for one hour processing but, the Milling Machine works for 2 hours 

and 300 days per year. Therefore, QM=6692.352 kW/year. 

 For Mash tun, QM=2.24kw for one hour processing but, the mash tun works for 10 hours and 

240days per year. Therefore, QM=430.08 kW/year. 

For Grain Vacuums, QM=1.13 kw for one hour processing but, the Grain Vacuum works for 2 

hours and 240days per year. Therefore, QM=216.96 kW/year. 

For Mash pump, QMP=2.24 kw for one hour processing but, the drying cabinet works for 12 
hours and 240days per year. Therefore, QMP=430.08 kW/year. 
 
For DE Filter, QE=20.74kw for one hour processing but, the drying cabinet works for 24 hours 
and 240days per year. Therefore, QE=3982.08kW/year. 
 
For Agitator (Mixer), QM=2.2kw for one hour processing but, the drying cabinet works for 12 
hours and 240days per year. Therefore, QM=6336kW/year. 
 
For Brewing Pump, QB=21.06kw for one hour processing but, the drying cabinet works for 24 
hours and 240days per year. Therefore, QB=4043.52kW/year. 
 
For Refrigeration room, QR=1.864kw for one hour processing but, the drying cabinet works for 
24 hours and 240days per year. Therefore, QR=134.208kW/year. 
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For Bottling Machine, QBM=4.32 kW for one hour processing but, the drying cabinet works for 
24 hours and 240days per year. Therefore, QBM=828.44kW/year. 
 
For Labeling Machine, QM=0.054kw for one hour processing but, the drying cabinet works for 
24 hours and 240days per year. Therefore, QM=10.368kW/year. 
 
For Hot-water Heater, QHW=40.63kw for one hour processing but, the drying cabinet works for 
24 hours and 240days per year. Therefore, QHW=7800.76kW/year. 
 
For Glycol-water chiller, QGW=660kw for one hour processing but, the drying cabinet works for 
24 hours and 240days per year. Therefore, QGW=23650kW/year. 
For fermentation, QF=2.092kW for one hour processing but, the fermenter works for 24h and 
160days per year. Therefore, QF=8,443.28kW/year  
Assuming the electric consumption of other equipments and lighting purposes for the plant to be 

50kW. Therefore, QD=50∗24∗300=360,000kW/year  

                             Total energy required= (8,443.28+6336+ 262878.9+360,000) KW  

                                                   =631322.18kW/year  

The unit cost of electricity in Ethiopian context is 58cents/kW = 0.58Birr/kW  

Therefore, Total electricity cost per year=0.58Birr/kW∗631322.18kW/year  

                                                   =366,166.864Birr/year  

Cost of water required in the beer production includes the water required for the main production 

unit operations, for laboratory, machine cleaning etc.  

From material balance; the annual water consumption requirements are:  

For cooling purpose as ice water = 50,244.9L/year=50.25m3/year  

For boiling wort kettle and mash as steam = 20.6L/hr=20.6∗24∗160=79,104L/year=79. 1m3/year  

Assuming the water consumption for other purpose =15m3/day=15∗300=4500m3/year  

Total water required= (50.25+79. 1+4500)m3/year=4629.35m3/year.  

The unit cost of water in Ethiopian context is 8 Birr/m3  

Therefore, total water cost per year =8Birr/m3∗4629.35m3/year=37034.8Birr/year 

 Annual utilities cost= (37034.8+366,166.864) Birr=403201.664 Birr 
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Operating labor  

The total manpower required is 40, as shown in (Appendix II) and the corresponding annual 

labor cost is estimated to be 150, 8400.00 Birr.  

Maintenance and repairs  

Maintenance and repairs = 3% FCI = 0.03(43,961,682.6Birr) =1,318,850.8 Birr  

Laboratory charges  

Laboratory charges = 13% operating labor = 0.13(150, 8400.00 Birr) = 196,092Birr  

Operating supervision  

Operating supervision = 12% operating labor = 0.12(150, 8400.00 Birr) = 181,008.00Birr  

Direct supervisor and clerical labor  

Direct supervision = 10% of operating labor = 0.1(150, 8400.00 Birr) = 150, 840.00Birr  

Operating supplies  

Operating supplies = 10% of Maintenance and repairs cost = 0.1(1,318,850.8) = 131,885.8Birr 

 Direct cost= (4047970.2+1,318,850.8 + 196,092+181,008.00+150, 840.00+131,885.8+150, 

8400.00+403201.664) Birr.  

Direct cost=7,938,248.46Birr  

B. Fixed charge  

Depreciation = 10 % FCI = 0.1(43,961,682.6 Birr) =4,396,168.26 Birr  

Local taxes = 1% FCI  

Insurance = 1% FCI  

Fixed charges=12%FCI = 0.12(43,961,682.6Birr) =5275401.9 Birr. 

C. Plant overheads  

Plant overhead cost=50% operating labor = 0.5(150, 8400.00Birr) =754,200.00Birr 

Manufacturing cost= Direct production cost + Fixed charge + plant overheads Manufacturing 

cost=7938248.46+5,275,401.9+754,200.00=13,967,850.3Birr  

Administrative cost = 15 % (Maintenance and repairs + operating labor + operating supervision)  

=0.15(1,318,850.8+150, 4800.00+181,008.00) Birr=3004658.8Birr 

Distribution and selling costs = 3% TPC  

Research and development cost (R and D cost) = 5%TPC 

 General Expense=Administrative Costs+ Distribution and Selling Costs +R and D cost  

                                                    =3,004,658.8+8%TPC  
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TotalProductCost=ManufacturingCost+GeneralExpenses. 

TPC=13,967,850.3+3,004,658.8+8%TPC. 

TPC=18,448,379.5Birr/year. 

5.3.5. Financial Evaluation.  

The plant works for 300days per year  

Annual production = 100,000liter  

One bottle size = 0.33L 

Plant Capacity = 2,000,000 bottles/year  

Unit production cost =         Total product cost  
                                                     Annual production 
 
 Unit production cost=18,448, 379.5Birr/year 
                                              900,000 bottles/year                             =20.49Birr/bottle. 
Profit margin=30%∗Unit Production Cost =0.3∗20.49=6.147 

 Unit product selling price=Unit production cost +Profit margin =26.64 

Total product Sales=2,000,000bottles/year∗26.64Birr/bottle=53,280,000Birr/year  

Gross earnings=Total product sales−Total product cost 

 Gross earnings (Profit before tax)= 53,280,000Birr/year−18,448,379.5Birr/year  

                                                                =34,831,620.5Birr/year  

The income tax rate of Ethiopia is 35% 

 Income Tax=30%∗Gross earnings=0.3(34,831,620.5) =10,449,486.2Birr/year 

 Net annual earning (profit after tax) = Gross earning (Profit before tax) – Income tax 

 Net annual earning (profit after tax) =34,831,620.5−10,449,486.2Birr/year 

                                                               =24,382,134.0 Birr/year 

Return on investment (ROI) Return on Investment= Annual Profit *100% 

                                                                                                   Total Capital Investment  

                                                        ROI    =         24,382134.0 Birr*100% 
                                                                                68,294,473.90Birr  
                                                             

                                                                                     ROI=35.7% 

Payback period (PBP) 
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 Payback period             =                 Total capital investment 
                                            Net profit per year Average Depreciation Per year 
 
                                     PBP              =     68294473.9Birr 

                                                                24, 382134.0Birr+4,396,168.26 Birr 

                                                                 PBP=2.37years. 

Breakeven point (BEP)  

The break-even analysis is to determine the point at which sales revenues equal the costs of 

products sold. When sales are below this point, the plant is making a loss, and at the point where 

revenues equal costs, the plant is breaking even. The break-even production is the number of 

units necessary to produce and sell in order fully to cover the annual fixed costs. 

 At breakeven: Total Product Cost=Total sales income. 

Direct production cost +Fixed Charge+ Plant overhead costs +General Expenses=Total sales 

income. N* unit Direct production cost +Fixed Charge+ Plant overhead costs +General 

Expenses=n*unit product selling price. Where; n = production capacity  

From total capital cost estimation: Direct production cost=11,666,250.98 Birr  

Annual Plant Capacity = 2,000,000bottles/year. 

 Unit Direct production cost=7,938,248.46 birr/2,000,000 pack=3.97 Birr/bottle 

Fixed charges=5275401.9Birr  

Plant overhead cost=754,200.00Birr  

General Expense=3,004,658.8+8%TPC=3,004,658.8+0.08(18,448,379.5) =4,480,529.16Birr  

Unit product selling price = 26.64.Birr/bottle. 

 N∗3.97Birr/bottle+ (5275401.9+754,200+4,480,529.2)Birr=n∗26.64Birr/bottle                    

n=463,614 bottles  

Break even production capacity = 463,614 bottles  

              BEP (%) =                          BEP *100 
                                            Total capacity of plant 
 
          BEP (%) =463,614 bottles/2,000,000bottes∗100=23.2% 
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                                                      CHAPTER SEVEN  

 

                                                           CONCLUSION   

 

Beers are widely consumed throughout the world but, their cost especially for developing countries seems 

high. The utilization of grist ingredients derived from pearl millet sources can be tested furthermore; malts 

made of them are suitable for application in brewing. The quality and quantity of their components meet 

requirements of yeast and an undisturbed fermentation. Since my investigation have proved that the 

nutritive value and brewing technological value of malts made of gluten-free cereals fall behind that of 

regular barley malt, it is advisable to use gluten-free adjuncts (invert sugar syrup) and industrial enzyme 

preparations to increase extract content of wort. The pearl millet variety was screened for their 

suitability for beer production based on the amylase activity and reducing sugars of malted grains. 

Standardization of the parameters for malting and mashing were also carried out along with optimization 

of fermentation parameters for good quality beer production. The commercial a-amylase was used 

during mashing process, at a concentration of 1 per cent at 70°C and which released maximum reducing 

sugars than other treatments. One strain of yeast was screened for fermentation and fermentation period 

were carried out. The alcohol content increased as the fermentation was gone on.  

With the above-standardized parameters, beer was prepared on a pilot scale. This product was further 

pasteurized (water bath Temp at 62.5°C for 45 min), carbonated and stored at 4°C and used for further 

analysis. The beer was found to have a pH of 4.16, an alcohol content of 4.35 per cent and the colour 

and brightness of the beer were 6.8EBC and 0.93/0. 12, respectively. Similarly, the commercial brand of 

beer (barley beer) was also tested for the above mentioned parameters which did not differ much with 

that of pearl millet beer. From the organoleptic evaluation, it was found that pearl millet beer was 

comparable with that of commercial beer except differing slightly in colour, acidity and flavour which 

can be further improved. Thus, grains of pearl millet (Kola-1) can be used for commercial beer 

production as an alternate to barley. 
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                                                 5.2 RECOMMENDATION 

Developing countries, like Ethiopia, can benefit from the products produced by partial replacement of pearl 

millet by cheaper plant source that allow more consumers with reduced cost but still valuable nutritional 

content, essential amino acids and also provide vitamins and minerals, especially iron and zinc. During the 

process of undergoing this research paper, there had been some constraints and results. From the result of 

the work carried out, I recommend the following; 

1. New varieties of pearl millet having good amount of starch and fermentable carbohydrates with Low 

tannin content should be screened for good quality beer production. 

2.    That more organisms causing the deterioration of pearl millet beer should be identified. 

3. That more better and hygienic ways should be employed in brewing pearl millet beers in other to 

avoid the growth of opportunistic microorganisms. 

4. That the organic acids present in the drink should be quantified and given a range. 

5. Pearl millet beer should be pasteurized in order to discourage spoilage by microbes and to extend its       

shelf-life. 
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     APPENDIX A 

                                         FORMULAE AND CALCULATION 

                                                  TOTAL ACIDITY 

                                   T.A (g/100ml) = 0.075×M1×100×V2 
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                                             V1ml 

Where M1=Molarity of the NaOH 

            V2= Titre value 

            V1= Volume of the sample (5ml) 

        0.075= Equivalent weight for tartaric acid. 

The total acidity was expressed as tartaric acid and then converted to lactic acid by multiplying with 
0.833 as given in the conversion table. See appendix B.  

FIXED ACIDITY 

F.A (g/100ml) = V1×M1×0.075×100 

                                    V2 

Where V1= Volume of NaOH used 

            V2= Volume of sample (25ml) 

            M1= Molarity of NaOH 

             0.075= Equivalent weight for tartaric acid. 

The fixed acidity was expressed as tartaric acid and then converted to lactic acid by multiplication with 
0.833. See appendix B. 

VOLATILE ACIDITY 

The volatile acidity was calculated by subtracting the fixed acidity from the total acidity expressed on 
the same scale. i.e, 

           VA= TA – FA                      VA (g/100ml) 

Where TA= Total acidity 

           FA= Fixed acidity 

           VA= Volatile acidity 

 

 
TOTAL DISSOLVED SOLIDS (TDS). 

TDS (ppm) = W2- W1 (g) × 106 

                                Vml 

Where W1= weight of empty crucible 

            W2= weight of crucible + sample after drying 
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            V = volume of sample evaporated. 

 TOTAL SUSPENDED SOLIDS 

TSS (ppm) = W2- W1(g) × 106 

                        Vml 

Where W1= weight of the filter paper 

           W2= weight of paper + residue 

            V= volume of filtered sample.                       
SPECIFIC GRAVITY 
The specific gravity was calculated using this method; 
        Density of sample =             x   (g/ml) 
         Density of water                0.998 (g/ml) 
Where x =        W2-W1(g) 
                           Vml 
Where W2= weight sample in the density bottle  
            W1= weight of density bottle 
             V= volume of the density bottle (50ml). 
 
 ETHANOL CONTENT 
This was calculated, using the formula, 
%alcohol by volume 1.05 × (O.G- T.G)  0.79 
                                                     T.G 
Where O.G= original gravity (Brix value (%) before fermentation) 
            T.G= total gravity (Brix value (%) after fermentation). 
 

 

 

 

                                                                         APPENDIX B 

TOTAL ACIDITY CONVERSION TABLE 

Expressed Tartaric Malic Citric Lactic Sulfuric Acetic 
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as 

Tartaric 1.000 0.893 0.853 1.200 0.655 0.800 

Malic 1.114 1.000 0.988 1.342 0.732 0.096 

Citric 1.172 1.047 1.000 1.406 0.766 0.938 

Lactic 0.833 0.744 0.711 1.000 0.544 0.667 

Sulfuric 1.531 1.367 1.306 1.837 1.000 1.225 

Acetic 1.250 1.117 1.067 1.500 0.817 1.000 

                                                                            Adapted from Haddad et al (1978).    

 

              

 

 

 

 

 

 

      

APPENDIX C 

STATISTICAL ANALYSIS 
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Student’s T-distribution table was used as adopted from steel and torrie (1960): Pearson Hartley (1996). 

T- Test of significance was taken at 95% confidence level of probability (p≤0.05). The significance 

difference between two non- paired independent variable was computed using the formula, 

t= X1 – X2      against α =  (n1 + n2) – 2  

Where t = calculated t- value 

X1 and X2 = different means of the two non-paired independent variables. 

SEM = Standard error of the mean differences. 

 α = degree of freedom. 

n1 and n2 = size of variable, this time, the number of determinations for each variable. 

From the above formula, 

SEM = SD12 + SD2
2 

             n1                n2 

Where,  

SD1 and SD2 = the standard deviations of means of two independent variables. 

Thus,  

            X1 – X2                                        against α =  (n1 + n2) – 2  

t=    SD1
2 + SD2

2 

             n1                n2 

 Note, two means are significantly different, if the calculated “t” is greater or equal, i.e. (t ≥ tα) to the t- 
distribution table. 

 

 

                                                                     APPENDIX  D 
 
WORT PRODUCTION, FERMENTATION AND 
BLENDING  
  
TOTAL GRIST WEIGHT  

 
3000g  
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GRIST TO LIQUOR RATIO  1 to 5  
 

PROXIMATE ANALYSIS OF PEARL MILLET STARCH AND BARLEY  
 

parameters Barely (samples A) (%) Pearl millet (sample B) (%) 

moisture 11.2±0.03 11.2±0.03 

ash 2.09±0.02 0.60±0.01 

protein 4.43±0.04 5.45±0.03 

Fiber 3.75±0.02 6.46±0.01 

Fat 0.60±0.02 2.05±0.03 

Carbohydrate 77.93±0.04 65.3±0.01 

   

 

 

 

 

 

                                                APPENDIX E 
 
 
                              QUESTIONNAIRE FOR OVERALL ACCEPTABILITY RANKING TEST  
 
                                          DEPARTMENT OF CHEMICAL ENEGINEERING 
  
                                             UNDER FOOD AND PROCESS ENGINEERING 

 



126 
 

                                                        AAIT 

NAME… 
PRODUCT: PEARL MILLET BEER. 
INSTRUCTIONS. 

 
Using the numbers 1, 2, 3, 4(as shown below) please indicate the intensity of the various characteristics 
of the coded products below. 

1. NONE 

2. SLIGHTLY 

3. MODERATE 

4. STRONG 

 

CODE  COLOUR  BITTERNESS TNGLY   ESTERY  OVER ALL ACCEPTABLITY     

244     …………       ……………     ………………                 …………………… 

345………………………………………………………………………………………. 

456…………………………………………………………………………………….. 

456……………………………………………………………………………………. 

COMMENTS(OPTIONAL): 

………………………………………………………………………………………. 

………………………………………………………………………………………. 

THANK YOU                                                                                                                            

                                          

                                                                              Appendix F:  

Man power requirement and estimated labor cost                                          

Sr.No  Job position  No  Monthly 
Salary (Birr)  

Total 
Monthly 
Salary (Birr)  

Annual 
Salary(Birr)  

1.  General Manager  1  5,300.00  5,300.00  63,600.00  
2.   Executive Secretary  1  3,200.00  3,200.00  38,400.00  
 
3.  

Production and Technical 
Manager  

1  4,500.00  4,500.00  54,000.00  

4.  Production Head  1  4,500.00  4,500.00  54,000.00  
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5.  Accountants  2  4,600.00  9,200.00  110,400.00  
6.  Personnel and General 

service  
1  2,800.00  2,800.00  33,600.00  

7.  Commercial Manager  1  4,500.00  4,500.00  54,000.00  
8.  Sales personnel  1  3,500.00  3,500.00  42,000.00  
9.  Purchaser  1  3,500.00  3,500.00  42,000.00  
10.  Finance and Administration 

Head  
1  4,000.00  4,000.00  48,000.00  

11.  Store man  1  2,300.00  2,300.00  27,600.00  
12.  Secretary  1  3,200.00  3,200.00  38,400.00  
13.  Brew house operator  1  3,500.00  3,500.00  42,000.00  
14.  Filtration operator  1  3,500.00  3,500.00  42,000.00  
15.  Filler Machine operator  1  3,500.00  3,500.00  42,000.00  
16.  Fermentation operator  2  3,500.00  7,000.00  84,000.00  
17.  Technique head  1  5,400.00  5,400.00  64,800.00  
18.  Mechanic  2  3,300.00  6,600.00  79,200.00  
19.  Electrician  2  3,300.00  6,600.00  79,200.00  
20.  Quality control head  1  4,500.00  4,500.00  54,000.00  
21.  Laboratory technicians  2  3,400.00  6,800.00  81,600.00  
22.  Drivers  4  3,200.00   12,800.00  153,600.00  
23.  Guards  4  1500.00  6,000.00  72,000.00  
24.  Cleaners  6  1500.00  9,000.00  108,000.00  
Total  40   150,8400.00  
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                                 Micro brewery pilot plants 
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                                                          Automatic micro malting system 

 

 

 

 

 

1. 1% phenolphthalein  
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2. 0.1M NaOH                                      

3. Distilled water 

4. Sterilizing tablet 

5. Mac Konkey Agar 

6. Zinc chloride 

7. Brewery yeast 

8. Blood agar 

9. Chocolate agar 

10. Sulfuric acid 

1 1. Caramel (food grade) 

12. Calcium chloride 

13. Phosphoric acid 

14. Enzyme 

 3.3 APPARATUS/INSTRUMENTS 

 1.  Spectrophotometer (Jenwary GN 6400). 

 2.  Alcolizer plus (Anton Paar 4500). 

 3.   PH-meter. 

 4.  Nibem Apparatus. 

 5. 50ml burette. 

 6. 10ml pipette. 

 7. 500ml measuring cylinder. 

 8.50mls measuring cylinder. 

 9. 25mls measuring cylinder. 

10. Boiling tubes. 

1 1. Beakers. 

12. Conical flasks. 
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13. Dropping pipette. 

14. Pasteur pipette 

15. Whatmann filter paper 

16. Desiccators 

17. Dry oven 

18.50mls density bottles 

19. Muslin cloth 

20. Wooden stirrers 

21. Analytical weighing balance 

22. Digital weighing balance 

23. Kitchen scale 

24. Bunsen burner 

25. Plastic bottles 

26. Refrigerator 

27. Pearl millet bags 

28. Plastic bottles 

29. Retort stand 

30. Clamp 

31. Funnel 

32. Sieve (course and fine) 

33. Stove 

34. Cooking pots 

35. Scapula 

36. Blender 

37. Cover slide 

38. Microscope 
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39. Porcelain dish. 
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