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3.5 Exper imental 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;24  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 oC), 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�Æ1:20-40 oC ),pH (X�Æ2:  4.0-4.8 ), substrate concentration (X�Æ3:50-

100  gm) and residence time (X�Æ4:48-96  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�Æ1) and Apparent Attenuation 

Limit (AAL). 

 3.6 Raw Materi als 
 
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 bar ley 
 
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. 

http://www.tankonyvtar.hu/
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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 103oC for 3 hours. 
 
Moisture content was calculated from the following formula: 
 

�«�«�«�«�«�«�«�« �«�«�«�«���� �«�������«�«�«�«�«�«�«�«�«�« �«��������������������������������������������������         

            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 oC 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 

          �«�«�«�«�«�«�«�«�« �« �«�«�«�«�«�«���«�«���«�«�«�«��������������  

Where: DWB is Dry Weight base 
 
 

DP is Degree Plato 
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Fig u re 3.1: (a) Su g ar content determination in oB x by  Refr actometer, (b) Su g ar content determination 
fr om SG in �öP  

3.9 .4  D etermination of  Solub le P rotein 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� śoluble pr�R�W�H�L�Q�Æ (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  D etermination of  Wort Vi scosity 
 
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  D istillery  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 L imit (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 Distil lation 
 
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: 
  

                 �«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������������  

�'�L�V�W�L�O�O�H�U�¶�V 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. 
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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 (�öp) 

Sugar 
content 
(�öBx) 

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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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 consider ing 

temperature (oC), 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 Preliminar y Result of evaluation of diastatic enzymes activity using TMS1 after consideri ng 

temperature (oC), pH time (minute) and S.S.A (gram). 

 
 
 

 

 

 

 

 

 

Sub-TE 
No. 

Condition Specific 
Gravity 

Degree 
Plato 
(oP ) 

Degree 
Brix (oBx) 

Viscosit 
y (cp) 

Extract 
Level (%) 

STE21 T = 40 oC 
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 oC 
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 oC 
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 oC, 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 oBx, respectively, which is greater than the value recorded 

in TEsB presented in Table 4.2 at 70 oC,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 oC, 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 (oC), PH and time (minute). 

 

Sub-TE 
No. 

Condition Specific 
Gravity 

Degree 
plato 
(oP) 

Degree 
Brix(oBx) 

Viscosity    
(cp) 

 % Extract 

STE41 T = 40 oC 
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 oC 
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 oC 
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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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 �³�(�Æ which, were 59 % and 53.49 % v/v respectively. As observed the maximum degree of 

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

This is due to the metabolic activity at 30 oC, 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 : FD STEs Pr eliminary f ermentation and d istillation resu lt f or TEsE samp les. 
 
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 oC 
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 oC 
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 oC 
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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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 oC .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 oC. 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 oC 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 oC 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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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 oC 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 �³�K�R�W�Æ 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 







 

Bahir Dar University Institute of Technology, Chemical Engineering Department                         Page 51                                                                                                                                            

 

 
Table 4.12: Distillation result for top five fermentation sample 

 
Sample AAL (%)        Density Alcohol content (% 
Code   (g/m l)                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 oC, 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 RECOMMEN DATION  

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 oC mashing 
 

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

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

fermentation time and 75 gm substrate concentration and was distilled at 78 oC 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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Table 21A2:  Densities of M ixtures 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 
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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 An alysis Result 
 

No.                                  Parameters                                             standard         Actual measured 
                          value   

1 Sieve 
test 

>  2mm +2.8mm                    �•�������������������������������� 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 An alysis Result 

 





 

Bahir Dar University Institute of Technology, Chemical Engineering Department                    Page 64 

 

Table 24A5:  Moisture content Controlling Result for duri ng steeping process 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




























