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ABSTRACT 

This thesis work is mainly focused on improving Ethiopian indigenous ethanol (“areki”) 

processing technology. The effect of mashing and fermentation on the quality of wort and 

distillery beer was examined using response surface methodology. The preliminary 

investigation contains five trial experiments and was conducted at the following conditions: 

trial experiment “A‟ was done by using pure traditional production process, and it gave 22.5 % 

of malt extract and 2.7 
o
Bx of sugar content from barley sourced a place known as jiga, trial 

experiment “B‟ was studied at temperature of 40, 55, 70 
o
C, pH value of 4.5, 5.5, 6.5, and time 

of 120, 180, 240 min using traditional malt. It showed that at the combination factors of 55 

o
C, 180 min and pH value of 5.5, there were maximum % extract of 37.35 % and sugar 

content of 4.5 
o
Bx. Trial experiment “C‟ was conducted at the same temperature, pH, and time 

as trial experiment “B‟, but substrate source added of 15, 22.5, 30 gm was considered 

additionally using traditional malt. It showed that at the combination factors of 55 
o
C, 180 min, 

pH value of 5.5, and substrate source added of 22.5 gm, there maximum % extract of 40.5 % 

and sugar content of 4.8 
o
Bx. Trial experiment “D‟, was studied by considering factors which 

were considered in trial experiment “B‟, but commercial malt was used instead of traditional 

malt, and the best result % extract of 50.85 % and 6.1
o
Bx sugar content were observed. 

Similarly for the final trial experiment “E‟ all the factors and their value were the same as trial 

experiment “C‟,  but commercial malt was used instead of traditional malt, and the 

best % extract of 70.10 % and sugar content of 8.4 
o
Bx were obtained. The maximum % malt 

extract (92.36 %) and fermentable sugar (10.53 
o
Bx) was observed at 70

o
C, 120 min., pH 

value of 4.5 and 30 gm substrate source addition. After optimizing the wort, the fermentation 

experiment was conducted accordingly the combination which was given by design expert 

software. The maximum degree of attenuation value (86 %) was observed at 20
o
C, 96 hr, and 

pH value of 4.4 and 75 gm substrate source added. The maximum alcoholic strength of 80.2 % 

v/v (160.4 proof) was recorded for 86 % maximum degree of attenuation sample. Therefore, 

good barley type and optimum condition for mashing and fermentation process were found 

to be significant for high wort, distillery beer and alcohol quality. 

 

Keywords: attenuation, optimization, traditional, commercial, indigenous, barley, malting 
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1. INTRODUCTION 

1.1 Background 

Malt is the basic raw material, which can be produced from different variety of barley by three step 

(steeping, germinating and killing) malting procedures.  Malt is utilizing by most beer making industries 

due to it serves as both substrate source and enzyme during mashing process. Furthermore the main 

reason malt is the most essential raw material in almost all beer making industries, it contain starch as a 

substrate and different enzymes like starch hydrolyzing ( alpha- amylase, beta amylase and limit 

dextrin‟s) enzymes as well as protein degrading enzymes. But compare with the beer making industries 

the utilization of malt is limited in distilled alcoholic beverage industries. This indicated that malt 

mashing process may need more optimum operating conditions like optimum temperature, pH, and time 

in order to have sufficient enzymatic degradation of milled malted barley to attain the best wort 

composition. The malting industry requires malt with a high extract yield, high levels of enzyme 

activity, and good modification to manufacture beer of excellent quality. Therefore, barley must 

be able to germinate vigorously to meet these requirements. The germination energy and 

germination index both are the most influencing parameters of barley on malt technological 

parameters. The enzymology of the mashing process of the milled malt for distillery alcoholic 

production industries is very important for having maximum yield of product from the raw 

materials. This thesis word is basically intend to increase the consumption of milled malt for the 

production of distilled alcoholic beverage by considering some influential factors like 

temperature, pH time and corn meal as substrate source in both mashing and fermentation 

processes to produce maximum yield of wort and fermented beer. The quality of wort and 

fermented beer can be achieved in both mashing and fermentation processes by controlling the 

operating parameters of the processes due to enzymes are much sensitive for temperature, pH, 

Reaction time and limited substrate source. 

1.2 Barley and Corn processing for Distilled Liquor Production 

Barley is the basic raw material for brewing but not for distillery liquors. Selecting a 

desirable Malting barley type is the first task for the production of good quality malt; wort 

fermented beer and high alcoholic beverage.
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The second task is malting process which is a controlled germination process consisting of 

steeping or hydration of grains (to ensure good absorption of water by the grain from 12% to 

at least 45% of moisture), germination in moist conditions (to maintain embryo growth, 

enzyme synthesis and a limited endosperm breakdown) and kilning (to ensure product 

stability and termination of the grain‟s physiological activities by heating). 

Corn is one of the most utilized kernels for the production of ethanol in most countries. Corn 

that does not meet the required quality parameter is rejected from the distillery and commonly 

sent to a feed lot.   As  the  quality  of  the  incoming  raw  material  affects the  quality  of  

the  final  product,  such check points are essential.  After the grains are received and quality 

is ensured, they are milled at the distillery and mixed into water to swell up the starch 

granules for the starch hydrolyzing process. 

Figure 1.1 basically; show the existing traditional distilled beverage production process. As it 

indicated, the production process is similar with other modified/modern industries which are 

producing distilled beverage from different raw materials.  Almost all indigenous traditional 

technologies, which are used by the community to produce a specific product, are non-

engineered technologies. This means that producers never know the science behind the 

technology. As a result they may face low quality of product. Therefore this thesis work is 

designed to improved modified the intermediate and final product of traditional alcoholic 

beverage production technology by engineering way and transfer it to modern one. 
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Figure1.1: Process flow Diagram developed for the production of distilled liquor from corn & mat 

 

1.3 Statement of the Problem 

 

Malt is a source of different Enzymes: (> 40 Microbial Communities) product for the production 

of different type of beer, distillation products, baby foods, confectionaries malt drinks and 

medicinal syrups. Of the total malt production, approximately 90 % is produced from barley, 

about 94 % of the malt is being utilized for making beer, and only 4% is being utilized for 

distillation. This indicated that utilization of malt for distillery production is much more limited. 

Nowadays, none of Ethiopian distillery production industries, except the micro-traditional spirit 

production industry, are using barley malt as a basic raw material to produce excellent quality 

spirits. In addition to that many African nations have not given any considerable attention to the 
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utilization of malt as a source of both enzymes and substrate for the production of distilled spirits. , 

Most beer production industries which are using malt as a raw material are facing the following 

problems: too little enzymatic activity presence in the mash, too low yield of malt extract, too 

low protein and cell wall modification, very difficult wort separation or wort filtration, and too 

slow fermentation process and level of alcohol. Generally, it is very difficult to obtain high 

quality wort and high alcohol content by volume (high proof) products. 

From the micro-traditional alcohol (Areki) production technology, enzymes which are found in 

barley malt are effective in Liquefaction, Saccharafication and even fermentation processes 

operating under atmospheric conditions without using any additional enzymes and biocatalysts. As 

a result, this area should gain special attention to upgrade the utilization of malt enzymes in 

distillery industries for the production of excellent quality distillery product like vodka, gin, gum, 

brandy, whisky etc. 

This thesis work is basically intended to produce distillery alcoholic beverage by using malt as 

distillery grain/starting raw materials and using corn as supplementary raw materials/ adjuncts. 

Furthermore this study tries to fill the gap between the malt enzymes and distilled liquor 

production technology. It is known that distillery products have been producing from different 

Distillery Grains and the variation of these products are due to their starting raw materials and 

recipe. But malt is not considered as distillery grain rather than beer making grain. As a result, 

this study is focused on the proper utilizing of malt for the production of special distillery 

alcoholic beverages by controlling some technological parameters and considered it as distillery 

grain. 

The basic advantages of using malt  as a basic raw material for the production of distilled 

alcoholic beverages; 1) it can serve as both enzyme and substrate source, 2) it is less expensive due 

to it uses minimum malt and wort quality parameters, 3) this technology only use malting barley 

and corn as raw materials. 
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1.4 Objective 

 
The main objective of this research was performance evaluation and optimization of malt enzymes for the 

production of distilled alcoholic beverage using Response Surface Methodology. 

1.4.1 Specific Objectives 

 

This study has three specific objectives which need to be answered at the end of this study. 
 

 

 To determine the optimum condition for maximum percent yield of responses in mashing 

and fermentation conditions 

 To analyze the effect/influence of each mashing factors on the wort quality 

  To  investigate  the  effect  of  each  fermentation  factors on degree of attenuation  and 

ethanol level 
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2. LITERATURE REVIEW 

 

Barley is used for a wide range of traditional [10] and novel end uses [11]. Barley is fed to 

animals as a significant part of the diet of cattle, pigs, and poultry. A significant high-value use 

of barley has been for malting to produce malt as a raw material for the brewery and distillation. 

Human food uses of barley are more limited. 

Two types of barley can be commercially produced. The first is malting varieties which meet 

industry standards for grain quality. The second is feed varieties which have very limited quality 

requirements. Malting varieties that fail to meet malting standards would be classified as feed. 

On the other hand, some malting and brewery industries consider eight malting parameters to be 

most important in defining malt quality (Table 2.1). These are hot water extract, viscosity, 

Kolbach Index, wort β-glucan, fermentability, diastatic power Free Amino Nitrogen (FAN) and 

Friability. 

Table 2.1: Top eight Parameters for classification of quality Malt[12] 

 

Parameters Unit Values 

Fine-Course Extract % 80.0 – 83.0 

 

Kolbach Index 
 

% 
 

35-49.9 

Diastatic power EBC WK            200-350 

Viscosity cP 1.55-1.65 

Fermentability % 78.0 - 86 

Wort β-Glucan mg/L 0-200 

Friability % > 80 

FAN mg/l 180 

 

2.1 Desirable Barely grain properties 

Malting barley varieties are usually soft, whereas non-malting varieties are hard. [13] reported 

significant relationships between hardness of barley grain as assessed using the particle size 

index and hot water extract of malt as well as the malt quality index of barley malt.  The 

composition of barley grain is depending on the barley type. The barley type using for malting 
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process has the composition shown in Table 2.2. 

 

Table 2.2: Composition of barley grain [11, 14, 15] 
 

 

Components Unit Value 

Starch % 65 - 68 

Protein % 10 - 17 

β-glucan % 4 – 9 

Free lipids % 2 – 3 

Minerals % 1.5 -2.5 

 

 

A large number of parameters have been proposed to define malting quality. It is also a fact that 

the texture of the endosperm influences the malt modification process by affecting water uptake 

and consequently enzyme synthesis and movement within the endosperm [16, 17] studied the 

variation and correlation between chemical and physical characteristics of barley samples 

including  kernel  hardness,  but  found  only  a  low  correlation  between  kernel  hardness  and 

physical and chemical grain properties. 

The use of barley in malting industry has given this crop the status of an industrial crop and crop 

of interest for researchers, entrepreneurs and farmers. The end quality of malt depends on various 

grain  parameters  in  addition  to  described  in  (Table 2.3),  as  kernel  plumpness,  shape,  size, 

boldness, hectolitre weight, grain protein content, etc., and also depend on malt parameters i.e. 

germination energy, germination capacity, malt yield, friability, homogeneity, diastatic power, 

wort viscosity, saccharification rate, Kolbach index, wort filtration  rate etc. 

 

Table 2.3: Desirable barley grain parameters 
 

No. Quality Parameters Discussion of quality Parameters 

1 Moisture It is the basic commodity assessment property of barley grain. 

  The appropriate moisture level of barely grain makes storage safer is 
 

between 12-15%. 

  Generally moisture content of the grain can affect the grain quality 

as well as its germination capacity and the final malt quality. 
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2 Kernels shape & size    It should be uniform and has desired shape and size (plumpness) for 

consistent processing and for high yields and malt extract. 

Hectoliter weight, 1000 kernel weight and kernel plumpness are 

used to assess the desired shape & size of the barely grain. 

Grain size is based on four fractions: < 2.2 mm, >2.2 mm, >2.5 mm 

and > 2.8 mm grain size. 

>2.5 mm grain size is industrial standard, because large grains have 

increased levels of starch, diastatic power and potential extract [18, 

19]. 
 

3 Germination Capacity, 

Energy and Index 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Barely Grain Protein 

content 

 

Germination is one the key quality of malting barley, and GC is the 

ability to germinate rapidly and synchronously. 

The acceptable level of barely grain to germinate is > 96 %. Both 

GC and GE are the two test used for assessing the barely grain 

dormancy. 

GC is the determination of the percentage of living corns/Kernels 

within the sample of barely, but GE is the determination of the 

percentage of grains which can be exposed to germinate fully [20]. 

These terms are affected by excessive or limited level of moisture 

content during germination. 

It is one of the important parameters in selecting malting barley and 

it is affected by genotype, cultural practice and growing conditions. 

Barely grain with high protein level result in lower malt extract, 

slow down water uptake during steeping and potentially affecting 

final malt quality. 

A very low protein level, on the other hand, results in lack of 

enzymes necessary to modify the barely kernels and to breakdown 

the starch and protein during mashing in the distilled alcoholic 

beverage production. 

Barely protein level accounts for 8-13 % (Dry basis) for malting 
 

quality barely grain. 
 

5 Husk (hull content)       It accounts to approximately 13 % of grain weight, but can range 

between  7-25%  depending  upon  type,  growing  environment  and 
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  grain size [21]. 

During  harvest,  It  acts  to  prevent  the  germ  during  the  abrasive 

threshing process, from physical abrasion during handling. It also 

prevents the acrosphire from being damaged during germination and 
 

killing and aid during filtration of the extract from the lautering 

 

 
6 

 

 
Grain Hardness 

process [22]. 
 

It describes the texture of the endosperm and associated with the 

         level of modification of malt. It can measure the starch granules are 
 

either  rapidly separated  from  the  protein  matrix  (soft)  or  resists 

separation (Hard). 
 

Grain  hardness  can  be  analyzed/measured  by  „friability‟  which 

providing an indication of grain/malt endosperm modification. 

 

 

    2.2 Malt Quality Parameters 

 

Barley grains are used as raw material in malt production. These diverse end uses set a range of 

requirements related to the composition and structure of barley grain. 

 

Malting is a controlled germination process consisting of steeping or hydration of grains (to 

ensure good absorption of water by the grain from 12% to at least 45% of moisture), germination 

in moist conditions (to maintain embryo growth, enzyme synthesis and a limited endosperm 

breakdown) and kilning (to ensure product stability and termination of the grain‟s physiological 

activities by heating). Fundamentally, the aim of malting is to unmask starch granules from the 

surrounding cell walls and protein matrix so that fermentable sugars can be optimally released 

from starch during the mashing process [23].  Enzymes are synthesized or activated in the 

aleurone and scutellar cells by the action of embryonic gibberellin activated signal transduction 

pathways and are secreted into the starchy endosperm [24, 25] as shown in figure 2.1. 

Malting is the precursor to brewing in priming the grain but it is not in the production of distilled 

alcoholic beverage. The selected quality requirements for good malt are described in Table 2.4. 
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Figure 2.1: Mobilization of nutrients by gibberellis during germination of barely grains (Source: 

www.tankonyvtar.hu, Applied Plant Physiology) 
 

Table 2.4: Top malt quality Parameters 

 

No. Parameters Description 

 Malt Extract It  is  the  most  important  trait  /  quality parameter  for  selecting  new 
 

malting barley varieties and malting, brewing and distillery industries 

  are consider percent extract level to be the most important parameters. 
 

The quality of the extract is influence by four factors: 1) environmental 

  factors(growing conditions, temperature, fertilizer, available nitrogen or 
 

moisture), 2) of biochemical components (two or six rowed type, husk 

  thickness,  grain  size,  protein,  starch,  non-starch  polysaccharides  and 
 

enzyme  production),  3)  malting  process  (  Degree  of  Modification), 

 
 
 

 
2 

 
 
 

 
Kolbach Index 

degree  of  enzymes  produced),  4) Mashing process  (pH,  mash  time, 

mash temperature, grist/particle size and grist to liquor ratio) [26]. 

It is an important parameter that provides information on the level of 

  protein modification (The breakdown of the endosperm proteins for the 
 

release of amino acids for yeast metabolism) that has occurred during 

  the mashing process. 
 

The range in KI is around 39-45 although some brewers could request 

http://www.tankonyvtar.hu/
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3 Apparent 

Attenuation Limit 

(AAL) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4       Diastatic Power 
 

(DP) 

KI levels outside that range. 
 

The level of KI would be dependent upon the type of adjunct used as 

this will also contribute to total, insoluble and soluble nitrogen, and the 

performance of protein hydrolysis enzymes and indirectly the mashing 

factors. 

This parameters is used to measure the fermentability (level of 

fermentable sugar in the wort)  of a prepared malt eatract/wort. 

AAL is  dependent  on  a range of variable including type,  type 

growing environment, malting process, mashing style and fermentation 

conditions (yeast type, extract dilution, fermentation temperature and 

time and adjunct type). 

A high hot water extract will produce a high level of sugars from starch, 

polysaccharides, and other soluble solids such as peptides and amino 

acids. 

AAL is an important malt trait that could provide information on 

fermentation process (alcohol yield). 

DP  is  the  term  used  to  describe  the  collective  activity  of  starch 

degrading enzymes in malt. 

Three enzymes, α-amylase, β-amylase and limit dextrinase, have been 

identified during malting and mashing [27]. β-amylase is the only 

enzyme in resting/unmalting barley. The remaining enzymes are 

synthesized during germination. 

As DP is a measure of three enzymes, more specific detail on these 
 

enzymes is provided later in section 2.4. 
 

5 Wort Viscosity        It is an important trait/parameter that impacts on  wort quality.  It is 

linked to wort β-glucan but also another important non-starch 

polysaccharide, arabinoxylan. 

High viscosity extracts can slow filtration after mashing as well as slow 

beer filtration prior to packaging, aptly called "gumming up the filters 
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6 Malt Friability Friability is a measure of the breakdown of malt endosperm cell wall 

components.  The  relationships  between  malt  quality  parameters  and 

friability have been well documented since [28] first reported the use of 

 the Friabilimeter. 
 

The relationship between friability and key malt traits (wort β-glucan, 

Kolbach Index, wort viscosity) along with other malt quality parameters 
 

have been studied through detailed experiment examining malt quality 

[29-31]. 
 

Malt homogeneity is measured as percent homogenous of malt using 

sample retained in malt friability meter mash during friability analysis. 

 

   2.3 Malt Enzymes and their Characteristics 

The principal activity of malting is to encourage the barley to produce its own enzymes. Some of 

the enzymes are required during malting to modify the grain structure. The other enzymes 

principally required to work during mash conversion in the wort production process arebasically 

classified: 

1) Diastatic enzymes (α & β – amylases, α - amylase which randomly hydrolyses the starch to 

produce shorter chains and reduces the viscosity and β- amylase which is responsible to attacks 

the non-reducing end of the starch chain to produce maltose sugar). 

2) Proteolytic enzymes (Four classes of proteinases namely, cysteine, serine, aspartic and metallo, 

have been identified in barley. The most abundant are the cysteine enzymes [32, 33], which is 

responsible for the modification of protein in the malt. 

3) Cell wall modifying enzymes (Beta– Glucanase, which is responsible the breakdown of beta – 
 

glucan during germination and mashing). 
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Table 2.5: Desirable Malt Enzymes and their Functions 

 

Process step             Enzymes                                                           Goal/function 
 

viscosity 
 

Reduction 

 

Beta– Glucanasse       Significantly lower the viscosity of mash products/wort To 

hydrolyze β-glucan during germination and mashing Two 

isoenzymes, EI and EII, have been identified and their 

functional 

properties reported [34]. 
 

β-Glucanase is produced during grain germination in the aleurone 

and scutella, 

An increase in malt β-glucanase levels results in reduced levels of 
 

β-glucan in wort. 
 

Liquefaction         Alpha– Amylase       ● It is an endohydrolase enzyme that randomly cleaves α-(1→4) 
 

glucosidic bonds in starch ( Liquefaction of gelatinized starch) 
 

● Lower the viscosity of the extract 
 

● Multiple forms of amylase I, II and III exist and these forms can 
 

vary between varieties [35]. 

 
Saccharification    Beta– Amylase         β-amylase is an exoenzyme that cleaves the disaccharide, maltose, 

from the non-reducing end of amylose and amylopectin (conversion 

of dextrin to fermentable sugar ) 

It hydrolysis approximately to 70% of the amylose and 50% of the 

amylopectin fractions of barley starch [36]. 

Limit- dextrinase      Limit dextrinase has been extracted from ungerminated barley and 

its level increases during germination [37-39]. 

It  catalyzes  the  hydrolysis  of  α-(1-6)  glucosidic  linkages  of 

amylopectin 

Malt limit dextrinase has been observed to have a positive influence 

on wortfermentability. 
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2.4 Malt Enzymes and their optimization  

Alpha amylase is the enzyme responsible for breaking large, complex, insoluble starch molecules 

into smaller, soluble molecules. It is stable in hot, watery mashes and will convert starch to soluble 

sugars. Beta amylase is the other mash enzyme capable of degrading starch. Through its action, it is 

the enzyme largely responsible for creating large amounts of fermentable sugar. It breaks starch 

down systematically to produce maltose.  

Introducing a higher content of starch hydrolyzing enzymes offer the possibilities of producing good 

quality wort contain maximum fermentable sugar content. The wort with higher fermentable sugar 

content can be used for the production of excellent quality of fermentation product known as 

“fermented beer”. This leads to achieve the higher alcoholic by volume distilled beverage at 

distillation operation. The result of this product is directly related with, the quality of raw material 

used, malt quality ( malting procedure), the optimum operating conditions of mashing and 

fermentation processes, etc.  

Having this, malt enzymes do have some limitations. They can work at certain temperature, pH, 

time, etc., and the activity might be too low to do proper activities in proper time. In contrast 

commercial enzymes can be designed to work at preferred temperature, pH, etc., to have more 

enzymatic power or activity, or to express desire enzyme activities that are not present in malt.  

The main advantage of thesis work is basically to evaluate the performance of malt enzymes 

specifically and optimize their performance by considering four influencing factors like temperature, 

pH, reaction time and initial substrate amount. Since malt enzymes are more sensitive for these 

factors, optimization is very essential in order to create favorable conditions to the enzymes in the 

mashing process. This will help to achieve maximum yield of product. If these influencing factors 

are not optimize, the mashing and fermentation processes will face the following consequences; like 

little too low enzyme activities present, extract yield will be too low in mashing, wort filtration will 

take too long, fermentation process will be too low due to poor wort quality, and finally the distilled 

alcoholic beverage product will have too little alcoholic content. Therefore this thesis work aims to 

solve these problems by evaluating the current activity of malt enzymes and optimizing the factors 

that will have significant effect on the processes by creating favorable conditions. 
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3. MATERIALS AND METHODS 

3.1 Apparatus and Chemicals  

All the listed apparatus and chemicals were available in University of Bahir Dar, Institute of 

Technology faculty of Chemical and Food Engineering Research Grade Lboratory, inorganic and 

Food Processing Laboratory rooms. The apparatus and chemicals used for this thesis work were: 

different size beakers and Erlenmeyer flasks ( like 25 ml, 50 ml, 200 ml, 500 ml, 1000 ml), Digital 

sensor pH meter, digital water bath, thermometer, digital weight balance, digital 700 photometer, 50 

ml volume pycnometer, oven, hydrometer, falling ball viscometer, digital refractometer, fribilmeter 

and water  distiller. The list of chemicals that was utilized for the study was: sodium hydroxide (0.5 

NaOH), sulfuric acid (0.5M H2SO4), nitracol and nitratest tablets.  

3.2 Preliminary Investigation 

 

The  idea  of  this  thesis  work  is  starting  from  the  traditional  alcohol  (“areki‟) production 

technology basically intended to transform the technology from non-engineered to engineered by 

improving the quality. This technology has no available documented information except the 

traditional experts themselves. Due to this, some preliminary investigation needs to be performed 

on mashing (wort production) in order to have information about the next task. The preliminary 

investigation contains five trial experiments. 

    3.2.1 Sampling and sampling site 

 

For this thesis work two available varies (Food and beer barely type) were used. Food barley type 

samples were purchased from five different sites. TMS1, TMS2. TMS3 TMS4 and TMS5 were taken 

from Denbecha, Jigga, Finotoselam, Bahirdarkebela 11 and Bahir Dar Kebela 7, andtwo row 

barley type (beer barley) was sourced from Gonder Malt Factory (Gonder, Ethiopia) and used for 

the final Trial Experiment as a source of commercial malt. 

    3.2.2 Traditional Malt Preparation 

 

The preliminary investigations were started from malt preparation from food barley type. 250 
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gram barley was taken from each sample and malted independently by following the same 

malting procedure (pure traditional malting procedure). The malting process was started from 

cleaning the raw barley. The cleaned samples were steeped by water at room temperature for 

three days without air resting and moisture controlling; germination was conducted for five days at 

room temperature and the green malt was exposed to kilning by sunlight for approximately five 

days. The finished malt was milled to unspecified particle size and analyzed. 

3.2.3 Preparation of Traditional Wort at different conditions 

 

For the first trial experiment „A‟ mashing condition was conducted without considering any 

factors by following pure traditional processing way for each malt sample, and the resulting wort 

were filtered using filter paper for 2 hours and the filtrate were analyzed.  The second trial 

experiment “B‟ (mashing condition) was conducted by considering three factors as shown in 

table 3.1 (i.e temperature, time and pH) in wort production by using the (TMS1). TMS1 was 

selected for the trial experiment “B‟, because it was the better barley type when comparing 

with the others. The third trial experiment “C‟ was conducted consider supplementary substrate 

source in addition to temperature, time and pH in wort production by using traditional malt 

(TMS1). The trial experiment “D‟ was conducted keeping three factors (temperature, time and 

pH) constant and from food barely type to beer barley type. The final trial experiment for the 

preliminary investigation was trial Experiment “E‟. These experiment was done by considering 

all the four factors which were taken for trial experiment “C‟, but the barley type was 

changed from TMS1 to beer barely type.   The responses analyzed in all trial experiments 

were % Malt extract content, Sugar content (
o
Bx) and Viscosity according to the EBC Methods. 

The summary is shown in Table 3.1. 
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 Table 3.1: Summary of trial experiments for preliminary investigation 
 

Trial 

Experiments 

No. 

Barley Type               Malt Type               Factors which were considered for 

preliminary investigation at each trial 

experiments. 
 

TEsA              Food Barley Type      Traditional Malt     Mash time = 3 days 
 

No additional factors were considered 
 

TEsB               Food Barley Type 

(TMS1) 
 
 
 

 
TEsC               Food Barley Type 

(TMS1) 
 

 
 
 
 
 
 

TEsD              Two raw Barley 

(Beer Barley) 
 
 
 

 
TEsE               Two raw Barley 

(Beer Barley) 

 

Traditional Malt 

from TMS1 

 

 
Traditional Malt 

from TMS1 

 

 
 
 
 

Commercial 

Malt 
 
 
 

 
Commercial 

Malt 

 

Temperature = 40, 55 and 70
o 

C 

Time = 120, 180 and 240 min 

pH = 4.5, 5.5 and 6.5 

Temperature = 40, 55 and 70o C 

Time = 120, 180 and 240 min 

pH = 4.5, 5.5 and 6.5 
 

S.S.A = 15, 22.5 and 30 gram 

Temperature = 40, 55 and 70o C 

Time = 120, 180 and 240 min 

pH = 4.5, 5.5 and 6.5 
 

Temperature = 40, 55 and 70o C 

Time = 120, 180 and 240 min 

pH = 4.5, 5.5 and 6.5 
 

S.S.A = 15, 22.5 and 30 gram
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Enzymes, however, are proteins and undergo essentially irreversible denaturation (i.e.. 

conformational alteration entailing a loss of biological activity) at temperatures above those to 

which they are ordinarily exposed in their natural environment. As the temperature increases, so 

does the rate of reaction. But very high temperatures denature enzymes. According to Reece, et al., 

(2010) when the enzymes are exposed to the temperature below 45 
o
C, their activity decreased 

sharply and similarly enzymes above 70 
o
C they also become deactivated due to the unfavorable 

condition. The pH also plays a significant role in enzyme activity. The suitable pH range of 

enzyme activity is 4.5-6.5. Time and substrate concentration were taken according to the 

traditional production technology. 

3.3 Preliminary Experiment 

Trial Experiment ‘A’ 
 

As described in Table 8 the first trial experiment was conducted without considering any factors 

using the traditional malt. 50 g fine grist was mixed with 300 ml tape water and kept it for three 

days at room temperature (average atmospheric temperature was recorded 20.5 
o
C). After three 

mashing days, the samples were filtered and the filtrate/supernatant was taken for analysis, the % 

malt extract was determined from   density/specific gravity data, viscosity, sugar content and 

soluble protein content was determined according to the [EBC, 2007]. 

 

Trial Experiment ‘B’ 
 

The second trial experiments „B‟ were done using traditional malt as described in Table 8.The 

mash temperature (40, 55 and 70 
o
C), mash time (120, 180 and 240 min) and mash pH (4.5, 5.5 

and 6.5) were considered. 50 g grist and 300 ml distilled water and mixed; the pH was adjusted 

by 0.5 M H2SO4and exposed to the following mashing experimental condition. The first program 

was 40
o
C, 120 min and 4.5, the second experimental condition was 55 

o
C, 180 min and 5.5, and 

the third experimental condition was 70 
o
C, 240 min and 6.5. After conducting these experiments 

 

the samples were filtered and analyzed, the % malt extract, sugar content, viscosity was 

determined according to the [EBC,2007]. 
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Trial Experiment ‘C’ 

 
These experiments were conducted using traditional malt by considering a supplementary 

substrate source in addition to temperature, time and pH. The mash temperature (40, 55 and 70 

o
C), mash time (120, 180 and 240 min) mash pH (4.5, 5.5 and 6.5), and supplementary substrate 

added (15 g, 22.5g and 30g) was considered. 50 g grist and 300 ml distilled water was common; 

the pH was adjusted by 0.5 M H2SO4 and exposed to the following mashing conditions: The first 

combination was 40
o
C, 120 min 4.5 and 15 g, the second program was 55 

o
C, 180 min 5.5 and, 

 

22.5 g the third experimental condition was 70 
o
C, 240 min 6.5 and, 30 g. After conducting these 

experiments the samples were filtered and the supernatant analyzed, the % extract, sugar content, 

viscosity was determined according to the [EBC, 2007]. 

 

Trial Experiment ‘D’ 
 

Similarly trial Experiment “D‟ was also conducted by considering controlling variables which 

were considered in trial experiment “B‟, but the barely type was changed from food barely 

type to beer barely type (tow raw). The mashing experimental condition was also similar with 

trial experiment “B‟. 

 
Trial Experiment ‘E’ 

 

This is the final experiment for the investigation. For this experiment the factors, the mashing 

program and the grist to water ratio were similar with trial experiment “C‟, but commercial malt 

was used instead of traditional malt. The malting condition used to process the beer barley 

type for the production of commercial malt was similar with the traditional malting process. 

3.4 Fermentation and Distillation of TEsA and TEsE 

 

The preliminary investigation included the fermentation and distillation processes of selected 

mashing experiments. The aim of starch degrading enzymes in mashing process is to produce 

highly  fermented  wort  which  contains  the  necessary  fermentable  sugar  content  and  other 

nutrients for yeast metabolism. 
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The wort samples from the TEsA were fermented with the traditional fermentation process. 100 

gram granular corn was added to each sample and was kept at room temperature for 

four fermentation days. After fermentation, the Apparent Attenuation Limit (AAL) of the 

samples were measured and introduced to the distillation process. The distillation temperature 

and time were set 75-85
o
C and 2.5 hours, respectively, for all samples. The fermentation of 

TEsE samples were conducted by considered the fermentation factors which are listed in Table 

3.2. 

 

Factor Screening: Depending on the trial experiment results, the better wort quality (the 

high % malt extract, better sugar content) and better distillery products from fermentation and 

distillation process(AAL and ethanol level) was recorded from the fifth   trial experiments 

(TEsE). The following factors were selected for the new experimental design in order to 

conduct all the 

remaining combination of experiment for better wort optimization. Temperature (40-70
o
C), time 

 

(120-240 min) pH (4.5-6.5) and supplementary substrate added (15-30 gm).For fermentation 

process, temperature (20-40
o
C), time (48 -96 hour), pH (4-4.8) and SSC (50-100 gm) were 

taken. 

 

Table 3.2: Summary of fermentation and distillation process for preliminary investigation 
 

Codded Variables Source of supplementary substrate Factors that were considered 

in fermentation condition 
FDS51 Granular Corn („Enkuro‟) Temperature = 20 

0
C 

  Time = 48 hour, 

  pH = 4.0 

 
FDS52 

 
Granular Corn („Enkuro‟) 

SSA = 50 gram 

Temperature = 30 
0
C 

  Time = 72 hour 

  pH = 4.4 

 
FDS53 

 
Granular Corn („Enkuro‟) 

SSA = 75 gram 

Temperature = 40 
0
C 

  Time = 96 hour 

  pH = 4.8 

  SSA = 100 gram 
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3.5 Experimental Design 

This  research  was  carried  out  to  optimize  dependent  process  variables  in  two  steps  of 

experiments i.e at mashing and fermentation unit operations. RSM/central composite design (CCD) 

was used to identify the relationship between the response functions and the process variables, as 

well as to determine those conditions that optimize the malt enzymes activity by measuring the 

response variables from the two step experiments. The thesis has four factors for each step 

experiment, then the experiment was designed according to;2
4  

factorial points, 2*4 axial points 

and 6 center points. So the RSM/CCD contain 16 factorial points, 8 axial points and 6 center 

points, totally 30 number of runs for each step experiment. The independent variables or factors 

studied for the first step experiment were temperature (X1: 40-70 
o
C), pH (X2: 4.5-6.5), residence 

time (X3:120 -240 min), and supplementary substrate added  (X4:15-30 gm) and for the second step 

experiment were temperature (X‟1:20-40 oC ),pH (X‟2:  4.0-4.8 ), substrate concentration (X‟3:50-

100  gm) and residence time (X‟4:48-96  hour). The  response  variables  from  the  first  step  

experiments  were:  %  extract  content  (Y1),and dissolved sugar content  (Y2). The second step 

experiment has two responses which arepercent alcohol by volume (Y‟1) and Apparent Attenuation 

Limit (AAL). 

 3.6 Raw Materials 

 

Two-raw  malted  barley  sample  are  obtained  from  Gonder  Malt  Factory  (GMF)  (Gonder, 

Ethiopia) with 10.4 % moisture content, 11.4 % protein content, 96 % germination capacity and 

energy, thousand kernels weight, and 2.5mm sieve size. 

 

Checking the Germination Energy and Germination Index of the barley 
 

Germination analyses: The germination energy determination according to [EBC,2007]. 100 

barley seeds were counted and carried out with two replicates. The kernels were germinated in 

90 mm Petri dishes with two layers of filter paper wetted with 4 ml H2O. The samples were placed 

in a dark thermostat at 20°C. The germinated grains were counted at 24, 48, and 72 hours. The 

counts of the 4 ml sample over 72 h provided the estimate of the germination energy (EK): 

 

 ............................................................................3.1 

Where: n24, n48, n72– numbers of germinated kernels at 24, 48, and 72 h. 
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 Calculation of the germination index (GI) (EBC method) 
 

The  germination  index  (IK)  was  calculated  from  the  results  of  the  germination  energy 

determination according to [EBC,2007]: 

 

           =   10 * ( ) .........................................................................................3.2  

3.7 Sample Preparation 

3.7.1 Supplementary Substrate Preparation/Adjuncts 

 

For this thesis, corn grain is selected as source of supplementary substrate. The raw corn is 

collected from the local market and cleaned in order to remove metal, dirt, cobs, etc. This corn 

grain sample was prepared by pre-cooking the corn sample until changed its color to slightly 

dark. Then, the cooked corn ground to a diameter of 0.5 mm particle size. The ground meal was 

mixed with water in 4:1 ratio and cooked it again at 60 
O
C for 30 min and then cooled the sample 

to around at 20
o
C until used. The  granular  structure  of  the  corn  starch  must  be  broken  down  

first  to produce simple sugars,  this is achieved  by gelatinizing the slurry  of  ground corn    

kernels  with distilled water, and starch crystals adsorb water and swell. 

3.7.2 Preparation of kilned malt 

 

Two raw barley samples of 5 kg (2.5 mm Size) were malted at FCFE Research Grade Laboratory, 

Bit-BDU. The malt was produced by applying the pure traditional malting procedure, but the 

moisture content of the steeped barley was controlled and the humidification in the germination 

step also monitored. The malting procedure consists of steeping of the raw barley at room 

temperature (an average atmospheric temperature was 20.5 
o
C) for 2.5 days to achieve an out-of- 

steep moisture of at least 42-45% and the moisture content was calculated at each steeping day 

( at day1, day 2 and day 2.5) in order to monitor the moisture content of the barley grain, the 

germination phase was lasted for 5 days at room temperature ( an average atmospheric temperature 

was 20.5 
o
C) in a flow of fully humidified air. During this process, the moisture content of the 

steeped barley was kept at 42-45% throughout the germination period. This was controlled by 

spraying water on the sample, and kilning by sunlight for five days to produce malts around 

4% moisture. The malt samples produced were stored at room temperature until mashed. The 
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moisture contents of the samples during steeping and malting process were calculated from 

weight measurements. After kilning, the rootlets were removed and malt weight losses (dry basis) 

caused by respiration and removal of rootlets was calculated by weighing. Respiration losses 

were calculated as differences of total weight loss and weight loss in removing rootlets. 

Determination of moisture content during steeping 

 

The moisture content of the sample during steeping was determined by weighing using the 

following  formula:  100  kernels  were  taken  from  the  sample  for  %  Moisture  content 

determination. 

            .........................................................................3.3 

     Where W1 is the weight of the sample before steeping, Wi is the weight of the sample after i day 
 

(1, 2 and 2.5 day). 

Determination of Malting Loss 

 

Total malting loss was calculated by using the following formula: 

 

           ..........................................................................3.4 

         Where: W1=is initial weight, W2 is weight after removing growth portion. 

Milling condition and Sieving analysis 

 

All the malt samples were milled using disk mill. The desired particle size for this study was 0.2 

mm sieve size. Sieving analysis of the milled malt was performed in order to achieve the desired 

particle size distribution. The sieve sizes used were 0.2mm, 0.5mm, 0.75mm, 1mm, 1.5mm and 2 

mm. All the required samples of milled malt were sieved to have 0.2 mm size. 

   3.8 Malt Analysis 

 

Malt samples were analyzed according to [EBC,2007] in Gonder Malt Factory (Gonder, 

Ethiopia).Sieve test, moisture content, fine-coarse extract, friability, color, PH, thousand kernels, 

Glassiness ( wholly unmodified grain), partly unmodified grain, odour, appearance, and wort 

viscosity was analyzed. 
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3.8.1 Moisture Content 

Moisture content was measured by using [EBC, 2007].  50 g dry ground malt was taken with 

glass container and placing in calibrated oven at a temperature of 103
o
C for 3 hours. 

 

Moisture content was calculated from the following formula: 

 

………………………………..…...…………………………….3.5                              

            Where:    X – moisture content 

       m – Mass of grain [g] 
 

 

     M – Mass of grain after oven drying [g] 
 

 

3.8.2 Fine – course Extract content determination 

 

Fine – course extract content was also determined by using EBC, 2007 recommended method. 50 

gram of 0.2 mm fine and 0.5 mm course  grind setting samples were taken  and mixed with 250 

ml distilled water separately relies on a temperature programmed mashing bath (TMB mashing 

bath) and were kept it at 65 
o
C for 120 minute. 

 

After mashing process, the wort/extract, which is unclear wort, was filtered by using filter paper 

for 2 hours and the sum of all solids in the clear wort was determined according to the EBC 

methods by using   the Anton Paar Density Meter (Anton/Parr DMA 4500 M). The recorded 

densities or specific gravity data were changed to degree plato in order to calculate the amounts 

of soluble material present in the filtrates, and thus the percentage of the malt weight base that 

has been dissolved. 

 

The extract content of the fine and course samples was determined by using the following 

formula 

          ………………………………………….…….…………....3.6 

Where: DWB is Dry Weight base 
 

 

DP is Degree Plato 
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MC is Moisture Content of the samples 

 

         ……………………………..…………………….…....3.7 

         ….….3.8 

   3.8.3 Wort Viscosity Determination 

Viscosity of the wort sample was determined according to the EBC, 2007 Method by using the 

falling ball viscometer with temperature regulator. 45ml wort sample was taken and filled in the 

viscometer tube, and the temperature of the sample was kept by water which provided from the 

temperature regulator equipment. 

 

The total time taken to regulate the temperature of the sample at 20 
o
C was 10 - 15 minute then the 

fast ball was released to the sample containing viscometer.  The time was recorded for the ball 

until it reaches on the bottom of the tube. This experiment was repeated three times and the 

average time (tave) was calculated using equation 3.9. The viscosity of the wort samples was 

determined by using equation 3.9. 

 

             = K (1 - 2) · t ………………………….…………………………..3.9 

K = ball constant mPa·s· [cm
3
/g·s] 

1 = density of the bail in [g/cm
3
] 

2 = density of the liquid to be measured at the measuring temperature in [g/cm
3
] 

t = falling time of the ball in seconds.  

  3.8.4 Determination of Friability 

 

This is a relatively new, quick and simple method of analysis that gives first information on the 

modification of the malt and it is also an indication of the degree of modification of the grain 

after malting process. The friability is measured by the use of a mechanical abrasion (grinding) 

process during a certain period of time. 

 

The friability of the sample was determined by filling malt sample of 50 g in the Friabilimeter. 
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The instrument was switched on, the lateral pull handle is pulled downwards and locked into the 

bottom and the friable bits crushed through mesh drum for 8 minutes. After operated for 8 

minute the instrument was switched off and he glassy malt parts, which remained inside the sieve 

drum, are weighed. After conducting this experiment the value of the following parameters were 

recorded, the non-friable part remaining in the drum were weighted and written as Y gram, the 

friability were expressed as Equation 3.9. 

               ………………………………………………………3.10  

 Partly Unmodified Grain (PUG) was determined by sieving the unmodified portion over 2.2 mm 

sieve for 60 seconds. And the PUG remain on the sieve was expressed as % of PUG, Homogeneity 

was expressed as 100-PUG (%) and Wholly Unmodified Grains (WUGs) are all grains 2.2 mm sieve.          

Where; Y is the weight of non – friable part remaining in the drum.  

After this experiment, the experimenter gets a good idea of homogeneity of the malt batch, degree 

of modification and how many of the grains were either never malted or were dead at the onset of 

the malting process. Homogeneity 

           ………………………………..…….……………………..3.11 

Where; PUG is the weight of Partly Unmodified Grain (PUG) remain on the all sieves except 2.2 

mm sieve after sieving the unmodified portion over 2.2 mm sieve for 60 seconds. 

          ………………………….….…………….……..3.12 

          .………………………………..………………………..3.13 

Where; WWUG is the weight of Wholly Unmodified Grains remain on the 2.2 mm sieve after 

sieving the unmodified portion over 2.2 mm sieve for 60 seconds. 

 3.8.5 Determination of 1000 kernels weight 

Thousand kernels of the malt samples were determined by counting 1000 kernels from the bulk 

sample and weighed it by digital weight balance. 

3.9 Mashing condition 

Wort was produced in a small-scale by temperature type mashing. The mash temperature, pH, 

mash time and amount of supplementary substrate conditions were taken according to the design 
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expert version 7 output data in the experimental design section 3.5. After conducting each 

combination of experiment the mash products were filtered with filter paper and the spent grain 

was separated from the supernatant. The following Filtrate wort properties such as: % extract, 

soluble  protein,  sugar  content  or  fermentability,  wort  viscosity were  analyzed  according  to 

[ EBC,2007]. 

3.9.1 Adjusting the pH values of Mashes and Fermentation 

 

The pH of the samples was measured by dipping the electrode of a digital  pH  meter  into  the 

samples  after  a  proper  calibration  of  the meter with standard solution. If the pH values that 

are either higher or lower than required, the pH was adjusted downward by adding /0.5M 

sulphuric acid or upwards with 0.5MNaOH. 

3.9.2 Determination of % Extract Level 

 

The extract level of the samples was determined by using the density/specific gravity to degree 

plato correlation. The density/specific gravity of the wort samples were measured using 

Hydrometer. The density/specific gravity to degree plato data were used to calculate the amounts 

of dry weight base by using eqn. 3.6. They the percentage of malt extract present in the filtrates 

was calculated by equation 3.7. 

3.9.3 Determination of fermentable Sugar 

 

Wort dissolved sugar content was determined by using AR200 Digital Hand-Held Refractometer. 

It was also estimated by measurement of specific gravity using a hydrometer as shown in fig. 

3.1 (b), the specific gravity data were used to determine the sugar content in degree plato (
o
P). 

 

The sugar content in degree brix (
o
Bx) was estimated directly from the digital refractometer as 

shown in Fig. 3.1(a). 
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Figure 3.1: (a) Sugar content determination in 
o
Bx by Refractometer, (b) Sugar content determination 

from SG in ⁰P 

3.9.4 Determination of Soluble Protein and Nitrogen 

 

The soluble nitrogen level of wort was estimated by using a photometer 7100 and the estimated 

values were multiplied by 6.25 in order to convert them into”soluble protein‟ (SP) values. The 

value of Kolbach Index was determined from the soluble protein and the known total protein, but it 

was very difficult to determine the total protein content of the malt due to the digester was create 

foaming during sample digestion process. 

3.9.5 Determination of Wort Viscosity 

 

Wort viscosity was determined According to [EBC, 2007] using free ball viscometer as described 

in section 3.8.3 and the viscosity was determined by using eqn. 3.9. 

3.10 Distillery Fermentation Condition 

The fermentation process was conducted by taking the wort samples with high % malt extract 

and sugar content from the mashing condition. The controlling factors were according to the 

design expert software output data which was described in section 3.5. 
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3.10.1 Determination of Apparent Attenuation Limit (AAL) 

 

Fermentability /Apparent Attenuation Limit (AAL) is the malt, wort and beer evaluating 

parameter that describe the ability of yeast to turn sweet (sugar) in wort into alcohol. It is also 

used to measure the performance of starch converting enzymes (degree of hydrolyzing) and the 

amount of sugar level present in the wort. 

The density/specific gravity of wort and beer samples was determined by Anton paar DMA 
 

4500M density meter. Samples was taken from the clear wort and injected to the density meter. 

This experiment was used for the samples after fermentation (determination of density for 

sample after fermentation) and the data/values were used to determine the degree of attenuation. 

 

Calculating attenuation: Attenuation refers to the percentage of original extract (the level of 

fermentable sugar) found in the wort sample that has been converted by the fermentation process. 

It can be calculated as: 

             ..................................................................................3.14 

               Where:  OG is the Original Gravityof the wort 
 

                             FG is Final Gravity of the beer/ sample after fermentation process 

3.11 Simple Batch Distillation 

 

The particular type of distillation that employed in this laboratory for this thesis was known as 

simple distillation. Simple distillation works particularly well on mixtures of two liquids which 

have large boiling point difference. The lower boiling component distills off first and can be 

collected at the receiving flask. 

A downside of simple distillation is that the purity of the distillate is rarely 100%.   This is 

because the distillation vapor is only enriched in the lower boiling component. Some of the 

higher boiling component will be present as well. 
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 Source: http://en.wikipedia.org/wiki/File:Simple_distillation_apparatus.svg 
 

 
Figure 3.2 Simple batch distillation set up 

3.11.1 Determination of ethanol level of the samples 

 

The ethanol levels of all the samples after fermentation were determined in the FCFE Research 

Grade Laboratory in BiT- BDU using 50 ml pycnometer. The ethanol level determination involved 

measurement of density of the samples by the pycnometer. 

Once having the density of the sample the ethanol level was read from the table which contained 

the corresponding density values from Appendix A Table 2A1. 

 

The density of a substance, is a pure substance or a mixture, is given by: 

  

                 …………………………………………………………………..3.15 

Distiller‟s density was compared with tabulated values of the density of known mixtures of 

alcohol and water to determine its alcohol content; typically reported as the volume percentage 

Alcohol as shown in Appendix A, Table 2A1. 

 

http://en.wikipedia.org/wiki/File:Simple_distillation_apparatus.svg
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3.12 Data Analysis 

RSM  is  a  tool,  which  is  designed  to  develop  the  mathematical  relationship  to  link  the 

controllable parameters to the experimental responses so as to explore the effect of parameters on 

responses. In the thesis work, Design Expert software, Response Surface Methodology (RSM) and 

central composite design (CCD) will use to analyze the data. 
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4.  RESULT AND DISCUSSION 

The result and discussion section is basically containing four sub- sections, which are: preliminary 

investigation discussion, mashing experiment result discussion, fermentation experiment result 

discussion and distillation experiment result discussion. The aim of this thesis work was evaluation 

and optimization of enzymes in the malt by considering four influencing factors for the production 

of wort and fermented beer having excellent quality in both mashing and fermentation processes 

respectively.  

The first sub- section was discussed on the performance evaluation of malt enzymes from barley 

sourced from different locations, and this was shown in section 4.1. The second sub section 

discussion was on interaction effect of factors on the responses of mashing experiment using 3-D 

plot of response surface graphical representation. The third one, which is fermentation result, was 

discussed by 3-D plot response surface graphical representation, and also discussed the combined 

effect of factors (temperature, pH, time and amount of substrate source added) on the responses of 

fermentation experiment. The last sub- section is discussion on distillation process result. 

4.1 Performance evaluation of barley from different locations 

 
The preliminary investigation was intended to evaluate the performance of malt enzymes (starch 

Hydrolyzing enzymes) indirectly by measuring the malt extract and sugar content in the wort. As 

described in section 3.3, the preliminary investigation contained five trial experiments and the 

results are discussed below.  

Table 4.1 Result for sugar content and extract level for traditional wort from different barley type. 

 

Sub-TE No. Sample 

No. 

Specific 

Gravity  

Degree 

Plato (⁰p) 

Sugar 

content 

(⁰Bx) 

Viscosity(cp)  Extract 

Level (%) 

STE11 TMS1 1.010± 2.6± 2 ± 0.7 3 ± 0.9 22 ± 0.50 

STE12 TMS2 1.008±0.07 2.1±0.21 2 ± 0.2 2.9± 0.12 18 ± 0.16 

STE13 TMS3 1.005±0.02 1.3±0.31 1 ± 0.3 2.78±0.87 11 ± 0.25 

STE14 TMS4 1.006±0.09 1.5±0.55 1 ± 0.6 2.69±0.97 12 ± 0.98 

STE15 TMS5 1.007±0.01 1.8±0.82 1 ± 0.9 3.11±0.22 15 ± 0.57 
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The performance of malt enzymes for all wort products for this thesis work was evaluated not by 

measuring the diastatic enzymes directly, but measuring the composition of the wort (i.e. % 

extract and sugar content), because % malt extract and sugar content are the most dominant 

parameters to explain and evaluate the performance of starch degrading enzymes activity. 

As  described  in  section  3.3 “A”,  the  mashing  process  was  conducted  at  atmospheric   

condition (i e. without considering any controlling factors). Table 4.1 presented the % malt extract 

value and the fermentable sugar level obtained after operating the mashing process at atmospheric 

conditions. The maximum value of % malt extract and fermentable sugar level were observed to be 

22.5 % and 2.7 
o
Bx, respectively. Since the wort quality depends on the malting barley type, 

the quality of selected malting barley type, which is TMS1, was better than the other malting 

barley type. In addition to that the starch content of the malting barley has a significant effect on 

the % malt extract during mashing process. 

These different values were raised primarily from the poor barley type and unfavorable 

mashing condition. However, the rate of hydrolysis was slow at all TEsA which results in a 

lower degree of hydrolysis. This lower degree of hydrolysis may be due to the insufficient energy 

provided by the temperature, the mash pH and reaction time. On the other hand, the values in 

table 4.1 indicated that the total activity of starch hydrolyzing enzymes was very poor mainly 

because the operating condition was not suitable. The result of trial experiment “A‟ shows that it 

needs an improvement in order to increase the wort quality. 

 

Table 4.2 presents results of preliminary investigations of % malt extract and sugar content at 

temperature, time and pH combination.  In TEsB, there were three different parameters considered 

and studied which were temperature, pH and time. The maximum % malt extract content and the 

fermentable sugar level were recoreded at 70 
o
C, 180 min and pH of 5.5 which is 37.35 % and 

4.5 
o
Bx, respectively. It was better result comparing with the value which was obtained from 

the TEsA shown in Table 4.1. The result in Table 4.2 also indicated that the high value of malt 

extract and fermentable sugar level were recorded at temperature 70 
o
C, pH 5.5 and time 180 

min. 
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Sub-TE 

No. 

Condition Specific 

Gravity 

Degree 
Plato 
(oP) 

Degree 
Brix(oBx) 

Viscosity 

(cp) 

% Extract 

STE31 T = 40 oC 

t = 120 min 

PH = 4.5 

S.S.A. = 15 gm 

1.013±0.11 3.3 ±0.08 3 ± 0.58 2.97± 0.25 28 ± 0.66 

STE32 T = 55 oC 

t =180  min 

PH = 5.5 

S.S.A. = 

22.5 gm 

1.018±0.09 4.6±0.02 4 ± 0.85 2.86±0.42 40 ± 0.53 

STE33 T = 70 oC 

t = 240 min 

PH = 

6.5S.S.A.=30gm 

1.015±0.1 3.8±0.06 4 ± 0.71 3.19±0.32 33 ± 0.82 

 

Table 4.2: TEsB Preliminary Result of evaluation of diastatic enzymes activity using TMS1 after considering 

temperature (
o
C), pH and time (minute) 

 

At this combination, the activity of diastatic enzymes was significant. The rate of starch 

hydrolysis was slow at temperature 40, pH 4.5 and time 120 min. indicating the lower degree of 

hydrolysis present in the mashing process due to the malt enzymes deactivating at lower 

temperature as at higher temperature.  The reason for the yield of wort lead to increases of degree 

of hydrolysis was caused by the parameter variation. In addition, the better wort product 

observed at TEsB was due to malt enzymes are basically need favorable condition in order to be 

active throughout the mashing process. Murano (2003) mentioned that the production of 

hydrolysate (wort) is more efficient at favorable mashing conditions as shown in practice and 

enzymes are less effective at unfavorable conditions. 

 
Table 4.3: TEsC Preliminary Result of evaluation of diastatic enzymes activity using TMS1 after considering 

temperature (
o

C), pH time (minute) and S.S.A (gram). 

 

 

 

 

 

 

 

 

 

Sub-TE 
No. 

Condition Specific 
Gravity 

Degree 

Plato 

(
o
P ) 

Degree 

Brix (
o
Bx) 

Viscosit 
y (cp) 

Extract 
Level (%) 

STE21 T = 40 
o
C 

t = 120 min 
PH = 4.5 

1.012±0.05 3.1±0.35 3 ± 0.2 3.30±0.01 26 ± 0.93 

STE22 T = 70 
o
C 

t =180 min 

PH = 5.5 

1.017±0.2 4.3±0.29 4 ± 0.5 3.53±0.08 37 ± 0.35 

STE23 T = 55 
o
C 

t = 240 min 

PH = 6.5 

1.014±0.09 3.6±0.21 3 ± 0.7 3.42±0.99 31 ± 0.27 
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Table  4.3  demonstrates  preliminary  investigation  results  of  %  malt  extract  and  sugar  at 

temperature, pH, time and substrate concentration. The wort quality still needs improvement and 

an additional factor which is substrate concentration was considered in TEsC.  From Table 4.3 at 

55 
o
C, 180 min, pH of 5.5 and 22.5 gm, the value of  % mat extract and fermentable sugar 

content was recorded 40.5 % and 4.8 
o
Bx, respectively, which is greater than the value recorded 

in TEsB presented in Table 4.2 at 70 
o
C,180 min and pH of 5.5. 

 

This shows that considering substrate concentration as influencing factor for wort optimization is 

essential in order to obtain the maximum wort quality for fermentation process The major reason 

for maximum % malt extract and fermentable sugar level observed at 55 
o
C, 180 min, pH of 5.5 and 

22.5 gm. was the amount of substrate which was considered as a factor at TEsC. 

Substrate concentration can be used to determine the amount and performance of enzymes for the 

production of hydrolysate. Depending on the value of % malt extract and fermentable sugar 

content in both Tables 4.2 and 4.3, the limiting factor at TEsB was the substrate, but after 

considering the substrate as a factor in TEsC, the limiting factor was the enzymes. This is due to the 

amount of substrate utilized and the product formation throughout the mashing process. Therefore 

taking substrate concentration as a factor has a significant effect on the wort optimization. 

Table 4.4: TEsD Preliminary Result of evaluation of diastatic enzymes activity for malt from the two raw barley 

type with considering temperature (
o
C), PH and time (minute). 

 

Sub-TE 
No. 

Condition Specific 
Gravity 

Degree 
plato 

(
o
P) 

Degree 

Brix(
o
Bx) 

Viscosity    
(cp) 

 % Extract 

STE41 T = 40 
o
C 

t = 120 min 

PH = 4.5 

1.018 ± 0.2 4.6 ± 0.9 4 ± 0.8 3.1± 0.01 40 ± 0.31 

STE42 T = 55 
o
C 

t =180 min 

PH = 5.5 

1.023 ± 0.13 5.8 ± 0.7 6 ± 0.10 2.9 ± 0.05 50 ± 0.82 

STE43 T = 70 
o
C 

t = 240 min 
PH = 6.5 

1.020 ± 0.21 5.1± 0.5 5 ± 0.3 3 ± 0.08 44 ± 0.69 
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The quality of wort is still unsatisfactory, which means that in order to produce a high quality 

fermentable product, the content of % malt extract and fermentable sugar level should have 

maximum value. As a result the final two trial experiments (TEsD &TEsE) are proposed to conduct 

with the new barley type (two raw barley) by keeping temperature, pH, time and substrate 

concentration constant. As observed from table 4.4 at 55 
o
C, 180 min, pH of 5.5, the maximum % 

malt extract and sugar content was recorded 50.82 % and 6.1 
o
Bx for TEsD, respectively. This 

maximum value was obtained due to the fact that malting barley type used for TEsD was 

commercial barley type which has a good quality. Wort quality depends on the properties of the 

barley type used. Barley type differs markedly in their Beta-glucan content in wort which is given by 

the content of polysaccharides in a barley caryopsis and capacity of the enzymatic apparatus of the 

caryopsis to degrade Beta- glucan in the course of malting (Posta & Turecka 2001, 2002). High 

molecular weight Beta –glucan slow down the access of the enzymes to the cells thus negatively 

affecting the rate of the grain modification during malting. This results the poor malting quality and 

lead to decreasing wort quality.  Grain hardness is an important characteristic of barley because it 

determines the pearling and subsequent end-use quality of barley. Malting barley varieties are 

usually soft, whereas nonmalting varieties are usually hard. Psota and others (2007) also reported 

significant relationships between hardness of barley grain as assessed using the particle size index 

and hot water extract of malt as well as the malt quality index of barley malt. Other structural and 

compositional characteristics of barley endosperm could contribute to grain hardness, including 

proteins, starch, β-glucan, and their interactions, and packing during grain filling (Henry 1988). 

With the same malt type and considering one additional factor for TEsE, the values of % malt 

extract and fermentable sugar content were found 70.1 % and 8.4 
o
Bx , respectively, as shown in 

Table 4.5 at 55 
o
C, 180 min, pH of 5.5 and 22.5gm.  
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Table 4.5: TEsE Preliminary Result of evaluation of diastatic enzymes activity for malt from the two row barley 

type with considering temperature (oC), PH time (minute) and S.S.A. (gram). 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.6: FDTEs Preliminary fermentation and distillation result for TEsA samples. 

 

Table 4.6 presents that the degree of attenuation of wort from trial experiments „A‟ after pure 

traditional fermentation process (i.e operated at atmospheric condition for four hour fermentation 

time). This table indicated that the degree of attenuation and alcoholic strength was high at 

traditional wort sample one, because it contained a high % malt extract and basically fermentable 

sugar content relative to the other. The attenuation factor was originally determined using the 

experimentally derived original gravity, final gravity as described by equation 3.14. However, it 

would be expected that the level of alcohol in the fermenter, as the major product of wort sugar 

fermentation, would be directly related to the degree of attenuation. Always the sample with high 

fermentable sugar generally result more degree of attenuation, because attenuation is the percentage 

that measures the conversion of fermentable sugar into alcohol and carbon dioxide. 

Sub-TE No. Condition Degree 

plato(
o
P) 

Degree 

Brix(
o
Bx) 

Viscosity 
(cp) 

N 
(mg/l) 

% Extract 

STE51 T = 40 
o
C 

t = 120 min 

PH = 4.5 

S.S.A. = 15 gm 

6  ± 0.3 6  ± 0.6 2 ± 0.97  
nd 

57 ± 0.57 

STE52 T = 55 
o
C 

t =180 min 

PH = 5.5 

S.S.A. = 22.5 

gm 

8 ± 0.1 8 ± 0.4 2 ± 0.86 nd 70 ± 0.10 

STE53 T = 70 
o
C 

t = 240 min 

PH = 6.5 

S.S.A. = 30gm 

7 ± 0.8   8. ± 0.1 3 ± 0.19 nd 68 ± 0.39 

Sub-TE 

No. 

Original Gravity 

(OG) after 

boiling 

Final Gravity 

(FG) 

AAL 

(%) 

Density(g/ml) Alcohol 

content (% 

v/v) 

FDS11 1.015 ± 0.5 1.008 ± 0.25 47±0.5 0.95097 ± 0.1 40 ± 0.01 

FDS12 1.012 ± 0.2 1.007 ± 0.52 43±0.9 0.95554 ± 0.66  36 ± 0.96 

FDS13 1.010 ± 0.01 1.0065 ± 0.01 35±0.7 0.95952 ± 0.24 33 ± 0.95 

FDS14 1.011 ± 0.22 1.007 ± 0.11 36±0.3 0.95881 ± 0.01 34 ± 0.52 

FDS15 1.0112 ±0.32 1.0075 ± 0.02 33±0.4 0.96414 ± 0.35 30 ± 0.30 
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Therefore traditional wort sample one contained high fermentable sugar level and the resulting degree 

of attenuation was 47 %. In the same way, the relation between degree of attenuation and alcoholic 

strength can be expressed proportionally. According to the EBC, 2007 the sample with high degree of 

attenuation can give high alcoholic strength product as shown in Table 4.6. 

 

Similarly Table 4.7 also explains the result of degree of attenuation and alcoholic strength for Trial 

Experiment “E‟ which, were 59 % and 53.49 % v/v respectively. As observed the maximum degree of 

attenuation and alcoholic strength was recorded at 30 
o
C, 72 hr, pH of 4.4 and 75 gm fermentation condition. 

This is due to the metabolic activity at 30 
o
C, 72 hr, pH of 4.4 and 75 gm. substrate concentration was very 

suitable for yeast strain, and much of the fermentable sugar was converted to ethanol and carbon dioxide 

product. 

 
    Table 4.7: FDSTEs Preliminary fermentation and distillation result for TEsE samples. 

 
Sub-TE 
No. 

Fermentation 
Condition 

Original Gravity 
After wort boiling 

(OG) 

Finial Gravity 
(FG) 

AAL 
(%) 

Density 
(g/ml) 

Alcohol 
content 

(% v/v) 
FDS51 T = 20 

o
C 

t = 48 Hour 

PH = 4.0 
S.S.A. = 50 gm 

1.029 ± 0.21 1.012 ± 0.31 59 ± 1.6 0.92652 ± 0.2 53 ± 0.49 

FDS52 T = 30 
o
C 

t =72 hour 
PH = 4.4 

S.S.A. = 75 gm 

1.036 ± 0.55 1.015 ± 0.58 58 ± 1.3 0.92962 ± 0.5 51 ± 0.94 

FDS53 T = 40 
o
C 

t = 96 hour 

PH = 4.8 
S.S.A. = 100gm 

1.034 ± 0.72 1.017 ± 0.77 50 ± 1.1 0.94441 ± 0.8 44 ± 0.86 
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             4.2 Effect of Mashing Parameters on Wort Quality  

Table 4.8: Main Experimental Result for mashing process (on wort Optimization) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.8 presents the main experimental result for mashing process. In this table run number 7 

and 11 were conducted at different time and temperature combination, and there were give 

similar amount % malt extract of 83.33 % and sugar content of 9.57
o
Bx, but different values for 

protein and viscosity. 

Run No.  Factors                                                            Resposes 

 Temperature Time pH S.S.A. %  Extract Sugar Protein Viscosity 
 (

o
C) (min.)  (gm) (%) Content 

(
o
Bx 

content 

(g/l) 

(cp) 

1 70.00 240.00 5.50 22.50 68.35 8.1 0.794 4.1 

2 55.00 240.00 6.50 15.00 59.76 7.1 0.879 2.7 

3 70.00 180.00 5.50 22.50 66.25 7.9 1.734 3.9 

4 55.00 120.00 4.50 15.00 56.08 6.4 1.65 2.9 

5 70.00 180.00 6.50 30.00 76.93 8.84 2.188 3 

6 55.00 180.00 6.50 15.00 68.35 7.86 1.144 2.4 

7 40.00 240.00 4.50 30.00 83.33 9.57 1.988 1.3 

8 40.00 240.00 6.50 15.00 76.93 8.84 1.063 1.9 

9 55.00 240.00 6.50 22.50 72.64 8.35 1.64 2.58 

10 70.00 120.00 5.50 22.50 81.23 9.32 1.406 3.2 

11 55.00 180.00 4.50 30.00 83.33 9.57 1.216 2.2 

12 70.00 240.00 6.50 15.00 61.95 7.12 0.881 3.8 

13 40.00 120.00 4.50 30.00 66.24 7.61 2.138 1.5 

14 55.00 120.00 6.50 30.00 76.79 8.84 0.653 2.1 

15 40.00 180.00 5.50 22.50 74.83 8.6 1.766 1.9 

16 70.00 240.00 4.50 30.00 85.44 9.8 2.719 4 

17 40.00 240.00 4.50 15.00 76.79 8.84 1.263 1.3 

18 70.00 120.00 4.50 30.00 92.36 10.53 1.734 4.1 

19 40.00 240.00 6.50 30.00 89.73 10.30 0.891 2.3 

20 40.00 120.00 6.50 15.00 44.51 5.12 0.969 2 

21 55.00 180.00 5.50 22.50 71.1 8.4 1.066 3.18 

22 40.00 120.00 6.50 30.00 61.95 7.12 0.847 1.5 

23 55.00 180.00 5.50 15.00 59.76 6.87 2.578 2.65 

24 55.00 240.00 5.50 30.00 79.03 8.84 1.016 3.05 

25 55.00 180.00 4.50 22.50 78.86 9.08 1.606 2.5 

26 40.00 120.00 4.50 15.00 57.57 6.62 1.175 1.8 

27 55.00 120.00 5.50 22.50 68.35 7.86 1.9531 2.63 

28 70.00 120.00 6.50 15.00 66.24 7.61 1.61 3.4 

29 70.00 240.00 4.50 15.00 76.93 8.84 1.053 3.7 

30 40.00 180.00 6.50 15.00 66.24 7.61 0.628 2.15 
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This is due to diastatic and proteyoltic enzymes are work optimally at different conditions. 

Diastatic enzymes are used to break down / hydrolysis starch material into simple sugar at a 

temperature range of 45 -70 
o
C .This means that diastatic enzymes are not functional below or 

above the given range. Similarly proteyoltic enzymes are used to breakdown proteins and works 

optimally below temperature of 40 
o
C. So At these run numbers temperature and time plays 

significant role for starch, protein and cell well modification. At run number 7 from table 4.8 the 

working temperature was relatively low, and the reaction time longer when comparing with run 

number 11. When we kept the temperature at 40 
o
C and the time at 240 min for run number 7, 

the activity of enzymes increased gradually as the reaction time become higher. Similarly run 

number 11 which, works at temperature of 55 
o
C and 180 min reaction time the activity of 

enzymes may be equivalent with run 7. Because run 7 was conducted at lower temperature for 

longer reaction time, and run 11 was kept at relatively high temperature for short reaction time. 

Furthermore it can be interpreted as, the different factors has no significant effect on the similar 

value of % malt extract and sugar content. 

Table 4.8, at run numbers 2 and 23, similar amount of % malt extract value, but different values 

for sugar content, viscosity and protein was obtained at different time and substrate concentration 

combination. This may also explain the time and substrate concentration has no significant effect 

on dependent variable having similar values, but has great significant effect on the variables of 

different values. 

4.2.1 Statistical Analyses for Mashing Process 

 

RSM  is  a  tool,  which  is  designed  to  develop  the  mathematical  relationship  to  link  the 

controllable parameters to the experimental responses so as to explore the effect of parameters on 

mashing responses. In the thesis work, Quadratic RSM based mathematical models of % extract 

level, Sugar content, protein level and wort viscosity have been developed in terms of four  

process parameters ( factors), namely, temperature, time (X2), pH (X3) and supplementary 

substrate source (X4). 
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    Table 4.9: ANOVA for Response Surface Reduced 2FI Model Analysis of variance table 

 

 
Source 

Sum of 

Square 
 

df 

Mean 

Square 

F 

Value 

p-value 

Prob > 

 

Model 35.8 6 5.97 19.99 <0.000 significant 
A-Temperature (X) 1.72 1 1.72 5.76 0.0249  
B-Time (X2) 4.65 1 4.65 15.58 0.0006  
C-PH (X3) 2.41 1 2.41 8.08 0.0092  
D-S.S.(X4) 11.80 1 11.80 39.52 < 0.0001  
AB 10.55 1 10.55 35.33 < 0.0001  
AC 1.31 1 1.31 4.39 0.0474  
Residual 6.87 23 0.30    

 
 
 

The % malt extract is one of the most important quality parameter. It measures the soluble 

materials from the malt when hydrolysis enzymes in the malt acted optimally. A pH ranges from 

4.5-6.5 was used to study the effect of pH on diastatic enzyme activity (Figure 4.1 (b)) and 

optimum pH was found at 4.5. Higher enzyme activity was observed in the acidic pH range, but 

when the pH range proceeds to alkaline, the activity was lower. The effect of temperature on 

enzyme activity was assayed at different temperatures ranging from 40-70°C at optimum pH, 

time and S.S.C. The results showed that enzyme activity was increased with temperature and it 

showed highest enzymes activity at temperature 70°C (Figure 4.1 (a & b)). At this temperature 

the highest % malt extract value of 92.36 % was observed. Above 70°C temperature enzyme 

activity was also decreased. For determination of optimum reaction time, enzyme assay was 

carried out at different reaction time ranging from 120 –240 minutes at constant temperature pH 

and S.S.C. 
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4.1 (a)                                                                                                        4.1 (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

               4.1 (c)  
 

Figure 4.1 (a-c):  3-D % malt extract graphs for two varying parameters 
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It was observed (Figure 4.1 (a)) that, the enzyme exhibited its maximum activity at 120 min of 

reaction time. Aygan et al. (2008) in 2008 reported that enzyme obtained from Bacillus sp. AB68 

was active in a broad temperature range between 20 and 90°C, with an optimum of 50°C. But in 

case of malt enzymes the optimum temperature observed was 70°C. This higher temperature 

indicated the thermostabilty of malt enzymes and working at greater than 50°C without 

deactivating. As shown in figure 4.1 (a) after 120 min the activity of enzymes was decreased 

drastically and enzyme was completely inactivated when heated further of 70°C. Thus, the 

results concluded that the malt enzyme is moderately temperature stable. 

 

The relation between temperature with respect to substrate source is presented in figure 4.1 (c). 

The increases of both factors increase the % malt extract content. The maximum response value 

is observed at maximal of temperature and maximal of S.S.A. At maximal of the temperature 

with pH and temperature with S.S.A. interaction parameters, we can observe that % malt extract 

was minimum. This is due to, during enzyme substrate reaction, the initial reaction velocity 

gradually increases with increasing both substrate concentration and temperature. Increasing 

temperature increases the kenetic energy that molecules possess. In a fluid this means that there 

are more random collisions between molecules. Since enzyme catalyze reaction by random 

collisions with substrate molecules increasing temperature increases the rate of reaction, 

forming more product. 

As described in figure 4.1 (c) the higher value of malt modification was observed at 70 
o
C and 30 

 

gm of substrate concentration. This implied that further increasing the substrate concentration 

will not increase the reaction velocity. As temperature increase also further more bonds, 

especially the weaker hydrogen and ionic bonds, will break as a result of this strain. Breaking 

bonds due to higher temperature within the enzymes caused the active site to change shape. This 

change in shape means that the active site is less complementary to the shape of the substrate, so 

that is less likely to catalyze the reaction. Eventually the enzyme will become denatured and no 

longer function. 

 

Fig. 4.2 (a) describe the combined effect of temperature and time on the fermentable sugar 

content, with pH and S.S.C. held constant at its lower and upper value. The color key on the 

green, yellow and red surface becomes “hot‟ at higher response levels, this means that when the 
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The 3-D surface plot is one of the response surface analyzing tools to present the 

interaction effect of factors. 

 

 
    

4.2 (a) 

 
4.2 (b) 

          Figure 4.2 (a-b):  3-D plot of sugar content graphs for two varying parameters 

 

interaction factors (temperature and time) increase the sugar content also increase to a higher value 

and the maximum fermentable sugar was observed at the right edge of x-axis with the value 
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10.53 
o
Bx. 

This is due to the starch hydrolyzing enzymes was worked at the optimum value of 70 
o
C and 

time of 120 min. Fig.4.2 (b) shows the interaction effect of temperature and pH keeping the 

actual factors constant at (pH, 4.5 and S.S.A., 30 gm). In this case this fig. presented a plot of sugar 

content as a function of temperature and pH. As clearly shown the fermentable sugar content was 

increase as increasing the red color key. It showed that the maximum value was recorded at 70 
o
C, 

and 4.5, temperature and pH respectively. In the other hand the sugar content was decreased as the 

pH increased, but is observed increase as temperature increase. 

4.3   Effect of Fermentation Parameters on distilled beverage quality 

 

Since the thesis work is originated from the Ethiopian indigenous ethanol (“Areki”) production 

technology, the fermentation process was done without the presence of any external bio-catalyst 

(yeast strain).  In order to optimize the distillery beer in the fermentation process, the optimized 

wort (i.e wort with maximum % extract and fermentable sugar content) was taken from the 

previous mashing experiment. 
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      Table 4.10: Result of degree of attenuation for distillery beer in fermentation process 

 

Run Temperatur 

e (
o
C) 

Time 
(Hr) 

PH S.S.S 
(gm) 

OG FG AAL (%) 

1 40.00 96.00 4.00 75 1.0546 1.028 49 
2 30.00 96.00 4.40 75 1.055 1.0175 68 

3 40.00 72.00 4.40 75 1.0557 1.0218 60 

4 20.00 96.00 4.80 75 1.055 1.008 86 

5 30.00 96.00 4.40 50 1.0549 1.0185 66 

6 30.00 72.00 4.40 75 1.055 1.016 71 

7 20.00 48.00 4.80 100 1.054 1.016 70 

8 30.00 72.00 3.60 50 1.055 1.0178 67 

9 40.00 96.00 4.00 100 1.055 1.025 54 

10 20.00 48.00 4.80 75 1.0548 1.015 73 

11 20.00 48.00 4.00 50 1..055 1.0155 72 

12 30.00 72.00 4.40 100 1.0551 1.0186 66 

13 40.00 72.00 4.80 100 1.055 1.0258 52 

14 20.00 72.00 4.00 100 1.0545 1.014 74 

15 30.00 48.00 4.40 50 1.055 1.021 62 

16 40.00 48.00 4.80 50 1.0551 1.0268 51 

17 20.00 72.00 4.00 50 1.055 1.013 76 

18 30.00 48.00 5.20 100 1.055 1.020 64 

19 40.00 48.00 4.80 100 1.055 1.0248 55 

20 20.00 72.00 4.80 75 1.0548 1.012 78 

21 40.00 96.00 4.80 50 1.0549 1.026 53 

22 30.00 96.00 4.40 100 1.0556 1.0195 64 

23 30.00 48.00 4.40 75 1.0548 1.0175 68 

24 40.00 72.00 4.40 75 1.0551 1.022 60 

25 20.00 96.00 4.00 100 1.055 1.0115 79 

26 40.00 48.00 4.00 50 1.055 1.024 56 

27 20.00 96.00 4.40 50 1.0545 1.010 82 

28 20.00 96.00 4.40 75 1.055 1.0085 85 
29 40.00 72.00 4.00 50 1.0551 1.0245 56 

30 30.00 48.00 4.40 75 1.055 1.018 67 

 

      

   4.3.1 Statistical Analysis for Fermentation Process 

 

RSM  is  a  tool,  which  is  designed  to  develop  the  mathematical  relationship  to  link  the 

controllable parameters to the experimental responses so as to explore the effect of parameters on 

Fermentation responses. In the thesis work, Quadratic RSM based mathematical models of % 

AAL. 
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      Table 4.11: ANOVA for Response Surface Reduced Quadratic Model Analysis of variance table 

 

 

 

 

Figure 4.3:3-D plot of AAL (%) graph for two varying parameters (temperature and time) 

 

Fermentability/Apparent Attenuation Limit is one of the main parameter used to measure the 

fermentability of the prepared wort and other key wort quality parameters. AAL is basically 

depending on the wort quality mainly the fermentable sugar content and level of amino acids 

from the breakdown of the endosperm proteins and the fermentation condition (like temperature, 

time, pH and SSC.
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          Figure 4.4:3-D plots of AAL (%) graph for two varying parameters (temperature and pH) 

 

Temperature changes have profound effects upon living things. Enzyme-catalyzed reactions are 

especially sensitive to small changes in temperature. The growth and metabolic activities of micro-

organisms are profoundly affected by the temperature at which they grow. For example, with 

Saccharomyces it has long been known that the rate of alcohol production increases with 

temperature up to 40 
o
C, (Brown, 1914). Again fuse1 alcohol production is stimulated by 

increasing temperature with top-fermenting yeasts but not with bottom-fermenting yeasts (Hough 

& Stevens, 1961) and Wolter, Lietz & Beubler (1966) showed an increase in ethyl acetate 

production with increases in incubation temperature.  There are many reports that the syntheses 

of enzymes are affected by the growth temperature (Knox, 1955). 

The optimized mashbill from the mashing experiment was used as fermentation feed in order to 

optimize the distillery beer by controlling four factors as described in section 3.5. The interaction 

and single effect of controlling variables on degree of attenuation is presented in fig. 4.3, 4.4 and 

4.5. Fig. 4.3 shows that the interaction and single effect of temperature and time on degree of 

attenuation by keeping the other factors stationary at their middle point. 
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Figure 4.5:3-D plot of AAL (%) graph for two varying parameters (temperature and SSC) 

 

The maximal AAL, which is 86 % was observed at minimum fermentation temperature and 

maximum fermentation time. The metabolic activity of the unspecific yeast strain which, is used 

as a catalyst for the fermentation process was very high at 20 
o
C, and lower at higher 

temperature of 40 
o
C. This result also indicated that the unknown yeast strain was 

breakdown/convert much of the fermentable sugar to alcohol and carbon dioxide at 20 
o
C. 

This indicated that the rate of fermentable sugar consumption by unspecified yeast and the 

production  of  ethanol  (EtOH)  and  carbon  dioxide  (CO2)  increased  as  the  fermentation 

temperature decreased and fermentation time increased. As indicated by the color key in fig 4.3, 

the surface becomes ‘’hot‟ at higher response levels, yellow in the ‟70‟s and red above 80 for 

AAL. The effect of single factor (temperature and time) can also discussed from fig.4.3. The 

degree of attenuation (AAL) was reducing as increase of fermentation temperature and increase 

as the fermentation time increase. This indicated that the fermentation yeast strain (unspecified) 

was more active at minimal temperature and maximal time. The indigenous ethanol (“areki”) 

production technology is operating at atmospheric (average 23.5 
o
C) temperature and at maximum 

fermentation time (four day). 
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Fig. 4.4 described the impact of temperature and pH on fermentability. The interaction effect of 

temperature and pH on degree of attenuation is similar with the effect of temperature and time 

which is presented in this figure. As observed in this figure the AAL become increases as the pH 

increase and the temperature decreases. This means that the maximum apparent attenuation was 

obtained when the fermentation operates at maximum PH, 4.4 and minimal temperature, 20
o
C 

keeping the other factors at stationary. Fig. 4.5 can explore the individual effect of temperature and 

time on AAL. The rate of fermentable sugar consumption was reducing as the fermentation 

temperature increase. In the same manner the individual effect of time is clearly shown in this 

fig.4.3, the rate of fermentable sugar consumption has increased as the fermentation PH increased 

to the maximum. 

 

The third interaction which is presented in fig. 4.5 is the effect temperature and SSC on AAL. 

The fermentability recorded at the interaction effect of temperature and SSC was increased as 

both temperature and SSC decreased by keeping the other factors at stationary. The maximal 

AAL value, which is 86 %, was observed at minimal temperature, 20 
o
C and SSC, 50 gm. The 

temperature still has negative impact on fermentability, this means that when the temperature 

increasing the degree of attenuation decreases. This is due to the high temperatures can also leads 

to excessive levels of diacetyl. Because of the fermentable sugar cannot utilized and the value of 

attenuation decreases.  

4.4 Distillation Result 

 

From the given fermentation results five samples with higher AAL was taken for distillation 

process in order to obtained high alcohol by volume product.  The distillation process was 

conducted for 2.5 hours at 78-85 
o
C temperature range for all five samples and the result is 

shown in table 20. 

 

The final  goal  of this  thesis  work  is  producing high  alcohol  by volume distilled  alcoholic 

beverage using barley as a main raw material and corn flour as supplementary substrate source in 

both mashing and fermentation processes.
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Table 4.12: Distillation result for top five fermentation sample 

 
Sample AAL (%)        Density Alcohol content (% 

Code   (g/ml)                v/v)   
 

DS1 86 0.86253 80.2 
DS2 82 0.87436 75.8 

DS3 79 0.88031 73.2 

DS4 78 0.88564 71.4 

DS5 76 0.88993 69.7 
 

 

Table 4.12 shows the alcoholic strength of top five fermentation products after distillation 

operations. The maximum distilled alcoholic beverage product was recorded with 80.2 % v/v or 

160.4 proof alcohol content from the maximum fermentability sample at the following 

fermentation condition: 20 
o
C, pH value of 4.4, 96 hr and 50 gm substrate concentration. As 

already presented in Table 4.6 the alcoholic strength of traditional distilled alcoholic beverage 

product was observed to be 40.01 % v/v (80.02 proof ) and, from Table 4.6, after considering 

four controlling factors and changing barely type as a controlling variable   the maximal 

alcohol by volume product was observed ( 53.49% v/v or 107 proof). 
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5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

 

The preliminary investigation indicated that the alcoholic content (% v/v) of traditional alcoholic 

drinks (areki) produced by pure traditional way by using barley sourced from different place in 

west gojjam was varied. Ethanol level was reported with significant variation from each 

experimental    test.  However,  the  result  of  the  preliminary  investigation  showed  that  the 

maximum wort quality, distillery beer quality and ethanol content were obtained from TMS1 

barley type which comes from Denbecha werda. The ethanol content that was produced from 

TMS1 barley type was high (40.01 % v/v or 80.02 proof) when we compared with ethanol content 

of TMS2 (36.96 % v/v or 73.92 proof), TMS3 (33.95 % v/v or 67.90 proof), TMS4 (34.52 % 

v/v or 69.04 proof) and TMS5 (30.30 % v/v or 60.6 proof) which were from Jigga, Finotoselam, 

Bahirdarkebela 11 and Bahir Dar Kebela 7, respectively. But when we compared the ethanol 

content (v/v) produced from TMS1 with the ethanol content (80.2 % v/v or 160.4 proofs) which 

was produced after considering four influencing factors, it was very low and need improvement. 

This means that those factors have significant effect on the intermediate products (wort and 

distillery beer) and final product (alcohol content). The maximum ethanol content 

(80.2 % v/v or 160.4 proof) was achieved from sample that was mashed at 70 
o
C mashing 

 

temperature,  120  min  mashing  time,  4.5  mashing  pH  and  30  gm  supplementary  substrate 

addition and fermented at the condition of 20 
o
C fermentation temperature, 4.4 pH, 96 hour 

fermentation time and 75 gm substrate concentration and was distilled at 78 
o
C for 2.5 hour. Due to 

the product has a high alcohol by volume, it can be competitive with other products like whisky, 

vodka, gin, etc. 

5.2 Recommendation 

In this thesis work either mashing or fermentation process, the activity of all malt enzymes did 

not measured directly due to the lack of available equipments used to measure all the response 

variables. Because of this enzyme activity was measured indirectly by measuring the dominant 

parameters specifically % malt extract and fermentable sugar content. This was not enough to 

measure the activity of enzymes very well. Therefore the quality of wort, fermented beer and 

distilled liquor can be further improved by measuring their modification capacity directly. 
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Ethanol (areki) production industries can have great opportunity to change their raw material 

from molasses to barley as well as can produce their product according to the modified process 

which was developed in this thesis work. 

A new distillery plant must be designed and built to produce a product with 160.4 proofs Alcohol 
 

By Volume (ABV). 
 

Further investigation must require at the fermentation process to identify the type of yeast strain, 

which is used to convert the sugar to ethanol and carbon dioxide in the traditional fermentation 

process. 
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APPENDIX A 

 

For home brewing purposes Brix and Plato are essentially interchangeable (same out to 3 

decimal places). 

 
Equations: 

 
     sg = 1+ (plato / (258.6 – ( (plato/258.2) *227.1) ) ) 

 
plato = (-1 * 616.868) + (1111.14 * sg) – (630.272 * sg^2) + (135.997 * sg^3) 

 
sg = Density of sample/density of water at the same temperature 

 
Table 20A1:  Plato to Specific Gravity Conversion Chart 

 

Plato to SG Conversion Table: 
 

Plato °P 
0.5 

SG 
1.002 

Plato °P 
10.5 

SG 
1.042 

Plato °P 
20.5 

SG 
1.085 

Plato °P 
30.5 

SG 
1.132 

1 1.004 11 1.044 21 1.087 31 1.134 

1.5 1.006 11.5 1.046 21.5 1.090 31.5 1.136 

2 1.008 12 1.048 22 1.092 32 1.139 

2.5 1.010 12.5 1.050 22.5 1.094 32.5 1.141 

3 1.012 13 1.053 23 1.096 33 1.144 

3.5 1.014 13.5 1.055 23.5 1.099 33.5 1.146 

4 1.016 14 1.057 24 1.101 34 1.149 

4.5 1.018 14.5 1.059 24.5 1.103 34.5 1.151 

5 1.020 15 1.061 25 1.106 35 1.154 

5.5 1.022 15.5 1.063 25.5 1.108 35.5 1.156 

6 1.024 16 1.065 26 1.110 36 1.159 

6.5 1.026 16.5 1.068 26.5 1.113 36.5 1.161 

7 1.028 17 1.070 27 1.115 37 1.164 

7.5 1.030 17.5 1.072 27.5 1.117 37.5 1.166 

8 1.032 18 1.074 28 1.120 38 1.169 

8.5 1.034 18.5 1.076 28.5 1.122 38.5 1.171 

9 1.036 19 1.079 29 1.124 39 1.174 

9.5 1.038 19.5 1.081 29.5 1.127 39.5 1.176 

10 1.040 20 1.083 30 1.129 40 1.179 
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Table 21A2:  Densities of Mixtures of Ethanol and Water at 20°C 

 
Densities of Mixtures of Ethanol and Water at 20°C 

 

Concentration (% 

Ethanol by Weight) 

 
0 

 
1 

 
2 

 
3 

 
4 

Tenths of % 
5 

 
6 

 
7 

 
8 

 
9 

      Density (Kg/L)     
0 0.99823 0.99804 0.99785 0.99766 0.99748 0.99729 0.99710 0.99692 0.99673 0.99655 

1 0.99636 0.99618 0.99599 0.99581 0.99562 0.99544 0.99525 0.99507 0.99489 0.99471 

2 0.99453 0.99435 0.99417 0.99399 0.99381 0.99363 0.99345 0.99327 0.99310 0.99292 

3 0.99275 0.99257 0.99240 0.99222 0.99205 0.99188 0.99171 0.99154 0.99137 0.99120 

4 0.99103 0.99087 0.99070 0.99053 0.99037 0.99020 0.99003 0.98987 0.98971 0.98954 

5 0.98938 0.98922 0.98906 0.98890 0.98874 0.98859 0.98843 0.98827 0.98811 0.98796 

6 0.98780 0.98765 0.98749 0.98734 0.98718 0.98703 0.98688 0.98673 0.98658 0.98642 

7 0.98627 0.98612 0.98597 0.98582 0.98567 0.98553 0.98538 0.98523 0.98508 0.98493 

8 0.98478 0.98463 0.98449 0.98434 0.98419 0.98404 0.98389 0.98374 0.98360 0.98345 

9 0.98331 0.98316 0.98301 0.98287 0.98273 0.98258 0.98244 0.98229 0.98215 0.98201 

10 0.98187 0.98172 0.98158 0.98144 0.98130 0.98117 0.98103 0.98089 0.98075 0.98061 

11 0.98047 0.98033 0.98019 0.98006 0.97992 0.97978 0.97964 0.97951 0.97937 0.97923 

12 0.97910 0.97896 0.97883 0.97869 0.97855 0.97842 0.97828 0.97815 0.97801 0.97788 

13 0.97775 0.97761 0.97748 0.97735 0.97722 0.97709 0.97696 0.97683 0.97670 0.97657 

14 0.97643 0.97630 0.97617 0.97604 0.97591 0.97578 0.97565 0.97552 0.97539 0.97526 

15 0.97514 0.97501 0.97488 0.97475 0.97462 0.97450 0.97438 0.97425 0.97412 0.97400 

16 0.97387 0.97374 0.97361 0.97349 0.97336 0.97323 0.97310 0.97297 0.97284 0.97272 

17 0.97259 0.97246 0.97233 0.97220 0.97207 0.97194 0.97181 0.97168 0.97155 0.97142 

18 0.97129 0.97116 0.97103 0.97089 0.97076 0.97063 0.97050 0.97037 0.97024 0.97010 

19 0.96997 0.96984 0.96971 0.96957 0.96944 0.96931 0.96917 0.96904 0.96891 0.96877 

20 0.96864 0.96850 0.96837 0.96823 0.96810 0.96796 0.96783 0.96769 0.96756 0.96742 

21 0.96729 0.96716 0.96702 0.96688 0.96675 0.96661 0.96647 0.96634 0.96620 0.96606 

22 0.96592 0.96578 0.96564 0.96551 0.96537 0.96523 0.96509 0.96495 0.96481 0.96467 

23 0.96453 0.96439 0.96425 0.96411 0.96396 0.96382 0.96368 0.96354 0.96340 0.96326 

24 0.96312 0.96297 0.96283 0.96269 0.96254 0.96240 0.96225 0.96211 0.96196 0.96182 

25 0.96168 0.96153 0.96139 0.96124 0.96109 0.96094 0.96080 0.96065 0.96050 0.96035 

26 0.96020 0.96005 0.95990 0.95975 0.95959 0.95944 0.95929 0.95914 0.95898 0.95883 



 

Bahir Dar University Institute of Technology, Chemical Engineering Department Page 60 

 

 

 

27 0.95867 0.95851 0.95836 0.95820 0.95805 0.95789 0.95773 0.95757 0.95742 0.95726 
28 0.95710 0.95694 0.95678 0.95662 0.95646 0.95630 0.95613 0.95597 0.95581 0.95565 
29 0.95548 0.95532 0.95516 0.95499 0.95483 0.95466 0.95450 0.95433 0.95416 0.95400 

30 0.95382 0.95365 0.95349 0.95332 0.95315 0.95298 0.95281 0.95264 0.95247 0.95230 

31 0.95212 0.95195 0.95178 0.95161 0.95143 0.95126 0.95108 0.95091 0.95074 0.95056 

32 0.95038 0.95020 0.95003 0.94985 0.94967 0.94950 0.94932 0.94914 0.94896 0.94878 

33 0.94860 0.94842 0.94824 0.94806 0.94788 0.94770 0.94752 0.94734 0.94715 0.94697 

34 0.94679 0.94660 0.94642 0.94624 0.94605 0.94587 0.94568 0.94550 0.94531 0.94512 

35 0.94494 0.94475 0.94456 0.94438 0.94419 0.94400 0.94382 0.94363 0.94344 0.94325 

36 0.94306 0.94287 0.94268 0.94249 0.94230 0.94211 0.94192 0.94172 0.94153 0.94134 

37 0.94114 0.94095 0.94075 0.94056 0.94036 0.94017 0.93997 0.93978 0.93958 0.93939 

38 0.93919 0.93899 0.93879 0.93859 0.93840 0.93820 0.93800 0.93780 0.93760 0.93740 

39 0.93720 0.93700 0.93680 0.93660 0.93640 0.93620 0.93599 0.93579 0.93559 0.93539 

40 0.93518 0.93498 0.93478 0.93458 0.93437 0.93417 0.93396 0.93376 0.93356 0.93335 

41 0.93314 0.93294 0.93273 0.93253 0.93232 0.93212 0.93191 0.93170 0.93149 0.93129 

42 0.93107 0.93086 0.93065 0.93044 0.93023 0.93002 0.92981 0.92960 0.92939 0.92918 

43 0.92897 0.92876 0.92855 0.92834 0.92812 0.92791 0.92770 0.92749 0.92728 0.92707 

44 0.92685 0.92664 0.92642 0.92621 0.92600 0.92579 0.92557 0.92536 0.92515 0.92493 

45 0.92472 0.92450 0.92429 0.92408 0.92386 0.92365 0.92343 0.92322 0.92300 0.92279 

46 0.92257 0.92236 0.92214 0.92193 0.92171 0.92150 0.92128 0.92106 0.92085 0.92063 

47 0.92041 0.92019 0.91997 0.91976 0.91954 0.91932 0.91910 0.91889 0.91867 0.91845 

48 0.91823 0.91801 0.91780 0.91758 0.91736 0.91714 0.91692 0.91670 0.91648 0.91626 

49 0.91604 0.91582 0.91560 0.91538 0.91516 0.91494 0.91472 0.91450 0.91428 0.91406 

50 0.91384 0.91361 0.91339 0.91317 0.91295 0.91272 0.91250 0.91228 0.91206 0.91183 

51 0.91160 0.91138 0.91116 0.91093 0.91071 0.91049 0.91026 0.91004 0.90981 0.90959 

52 0.90936 0.90914 0.90891 0.90869 0.90846 0.90824 0.90801 0.90779 0.90756 0.90734 

53 0.90711 0.90689 0.90666 0.90644 0.90621 0.90598 0.90576 0.90553 0.90531 0.90508 

54 0.90485 0.90463 0.90440 0.90417 0.90395 0.90372 0.90349 0.90327 0.90304 0.90281 

55 0.90258 0.90236 0.90213 0.90190 0.90167 0.90145 0.90122 0.90099 0.90076 0.90054 

56 0.90031 0.90008 0.89985 0.89962 0.89939 0.89917 0.89894 0.89871 0.89848 0.89825 

57 0.89803 0.89780 0.89757 0.89734 0.89711 0.89688 0.89665 0.89643 0.89620 0.89597 

58 0.89574 0.89551 0.89528 0.89505 0.89482 0.89459 0.89436 0.89413 0.89390 0.89367 

59 0.89344 0.89321 0.89298 0.89275 0.89252 0.89229 0.89206 0.89183 0.89160 0.89137 
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60 0.89113 0.89090 0.89067 0.89044 0.89021 0.88998 0.88975 0.88951 0.88928 0.88905 
61 0.88882 0.88859 0.88836 0.88812 0.88789 0.88766 0.88743 0.88720 0.88696 0.88673 
62 0.88650 0.88626 0.88603 0.88580 0.88557 0.88533 0.88510 0.88487 0.88463 0.88440 

63 0.88417 0.88393 0.88370 0.88347 0.88323 0.88300 0.88277 0.88253 0.88230 0.88206 

64 0.88183 0.88160 0.88136 0.88113 0.88089 0.88066 0.88042 0.88019 0.87995 0.87972 

65 0.87948 0.87925 0.87901 0.87878 0.87854 0.87831 0.87807 0.87784 0.87760 0.87737 

66 0.87713 0.87689 0.87666 0.87642 0.87619 0.87595 0.87572 0.87548 0.87524 0.87501 

67 0.87477 0.87454 0.87430 0.87406 0.87383 0.87359 0.87336 0.87312 0.87288 0.87265 

68 0.87241 0.87218 0.87194 0.87170 0.87147 0.87123 0.87099 0.87075 0.87052 0.87028 

69 0.87004 0.86981 0.86957 0.86933 0.86909 0.86885 0.86862 0.86838 0.86814 0.86790 

70 0.86766 0.86742 0.86718 0.86694 0.86671 0.86647 0.86623 0.86599 0.86575 0.86551 

71 0.86527 0.86503 0.86479 0.86455 0.86431 0.86407 0.86383 0.86339 0.86335 0.86311 

72 0.86287 0.86263 0.86239 0.86215 0.86191 0.86167 0.86143 0.86119 0.86095 0.86071 

73 0.86047 0.86022 0.85998 0.85974 0.85950 0.85926 0.85902 0.85878 0.85854 0.85830 

74 0.85806 0.85781 0.85757 0.85733 0.85709 0.85685 0.85661 0.85636 0.85612 0.85588 

75 0.85564 0.85540 0.85515 0.85491 0.85467 0.85443 0.85419 0.85394 0.85370 0.85346 

76 0.85322 0.85297 0.85273 0.85249 0.85225 0.85200 0.85176 0.85152 0.85128 0.85103 

77 0.85079 0.85055 0.85031 0.85006 0.84982 0.84958 0.84933 0.84909 0.84884 0.84860 

78 0.84835 0.84811 0.84787 0.84762 0.84738 0.84713 0.84689 0.84664 0.84640 0.84615 

79 0.84590 0.84566 0.84541 0.84517 0.84492 0.84467 0.84443 0.84418 0.84393 0.84369 

80 0.84344 0.84319 0.84294 0.84270 0.84245 0.84220 0.84196 0.84171 0.84146 0.84121 

81 0.84096 0.84072 0.84047 0.84022 0.83997 0.83972 0.83947 0.83923 0.83898 0.83873 

82 0.83848 0.83823 0.83798 0.83773 0.83748 0.83723 0.83698 0.83674 0.83649 0.83624 

83 0.83599 0.83574 0.83549 0.83523 0.83498 0.83473 0.83448 0.83423 0.83398 0.83373 

84 0.83348 0.83323 0.83297 0.83272 0.83247 0.83222 0.83196 0.83171 0.83146 0.83120 

85 0.83095 0.83070 0.83044 0.83019 0.82994 0.82968 0.82943 0.82917 0.82892 0.82866 

86 0.82840 0.82815 0.82789 0.82763 0.82738 0.82712 0.82686 0.82660 0.82635 0.82609 

87 0.82583 0.82557 0.82531 0.82505 0.82479 0.82453 0.82427 0.82401 0.82375 0.82349 

88 0.82323 0.82297 0.82271 0.82245 0.82219 0.82193 0.82167 0.82140 0.82114 0.82088 

89 0.82062 0.82035 0.82009 0.81983 0.81956 0.81930 0.81903 0.81877 0.81850 0.81824 

90 0.81797 0.81770 0.81744 0.81717 0.81690 0.81664 0.81637 0.81610 0.81583 0.81556 

91 0.81529 0.81502 0.81475 0.81448 0.81421 0.81394 0.81366 0.81339 0.81312 0.81285 

92 0.81257 0.81230 0.81203 0.81175 0.81148 0.81120 0.81093 0.81066 0.81038 0.81010 
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93 0.80983 0.80955 0.80928 0.80900 0.80872 0.80844 0.80817 0.80789 0.80761 0.80733 
94 0.80705 0.80677 0.80649 0.80621 0.80593 0.80565 0.80537 0.80509 0.80480 0.80452 
95 0.80424 0.80395 0.80367 0.80338 0.80310 0.80281 0.80253 0.80224 0.80195 0.80166 

96 0.80138 0.80109 0.80080 0.80051 0.80022 0.79993 0.79963 0.79934 0.79905 0.79875 

97 0.79846 0.79816 0.79787 0.79757 0.79727 0.79698 0.79668 0.79638 0.79608 0.79578 

98 0.79547 0.79517 0.79487 0.79456 0.79426 0.79396 0.79365 0.79335 0.79305 0.79274 

99 0.79243 0.79213 0.79182 0.79151 0.79120 0.79089 0.79059 0.79028 0.78997 0.78966 

100 0.78934          
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Table 22A3: Traditional Malt Analysis Result 

 

No.                                  Parameters                                             standard         Actual measured 

                          value   

1 Sieve 

test 

> 2mm +2.8mm                    ≥ 85%             88.5% 

> 2mm                                   3.0-10%          9.5% 

(Reject) < 2mm                     Max 1.5 %      2% 
 

2                                     Moisture Content                                   3.5-5%            4.66% 

3                                     Extract dry matter, fine Grind                80-82%           46.5% 

4                                     Extract dry matter, course Grind            79-80%           42.9% 

5                                     Extract difference                                   <2%                3.6% 

6                                     Odour                                                     Normal           Slightly Normal 

7                                     Appearance                                            clear                Cloud 

8                                     colour                                                     3-4.5 EBC       Not determined 

9                                     PH                                                          2.6-5.8            6.12 

10                                   Viscosity                                                1.45-1.58cp     2.525cp 

11                                   Friability                                                >80%              85% 

12                                   Thousand kernels weight                       <30gm            37gm 

13 Glassiness (wholly unmodified 

grain) 

<2%                4.5% 

14                                   Partly unmodified grain                         <5%                2% 
 

 

Table 23A4: Commercial Malt Analysis Result 
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Table 24A5:  Moisture content Controlling Result for during steeping process 
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APPENDIX B 

 

 
 

Figure 12B1: malting process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13B2: Determination of Friability, PUG and WUG 

 

 

 
 

 Figure 14B3: Images for wort production and characterization during traditional 

mashing process 
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Figure 15B4 (a-c): PH Adjustment (a) at 6.5, (b) at 5.50, (c) at 4.5 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


