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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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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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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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 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 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 

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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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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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 (oP). 
 

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

shown in Fig. 3.1(a). 
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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. 

 



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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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 (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 Preliminary Result of evaluation of diastatic enzymes activity using TMS1 after considering 

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 









 

Bahir Dar University Institute of Technology, Chemical Engineering Department                         Page 39                                                                                                                                            

 

             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 9.57oBx, but different values for 

protein and viscosity. 

Run No.  Factors                                                            Resposes 

 Temperature Time pH S.S.A. %  Extract Sugar Protein Viscosity 
 (oC) (min.)  (gm) (%) Content 

(oBx 
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 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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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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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 


















































