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Abstract In this study partial substitute of barley malt by effective use of maize, potato and enset were 

investigated using saccharomyces cervisiae. Barley malt is the principal ingredient in the manufacturing of beer and 

has traditionally been the grain of choice in the brewing industry. However, it is not always economically feasible to 

brew with 100% malted barley, and at present time breweries are forced to minimize their costs without changing 

the quality of their beer. Therefore, this study was utilized Maize, Potato and Enset starch as a partial substitute for 

barley malt and to evaluate some physico-chemical quality attributes of the beer. All the experiments were 

conducted Dashen Brewery S.C, Ethiopia. Four series of experiments in triplicate involving the starch from the three 

crops (50%, 62.5% and 75% starch substitute from each) with full barley malt serving as a control was conducted. 

The major characteristics of the beer (alcohol content & flavor) were evaluated for each of the 50%, 62.5% and 75% 

substitutes from the three crops with reference to the control beer. The results showed that 75% substitution of barley 

malt with Maize and Enset starch is promising in the beer production.  
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1. Introduction 

Beers and beer-like beverages may be prepared from 

rawcereal grains, malted cereal grains and (historically) 

bread. The roots of beer production go back much farther 

to the first agrarian societies [6]. They used a variety of 

grains called emmer (Triticum dicoccum), which was 

dehusked and baked to give flat bread. The flat breads 

were soaked in water and then allowed to ferment 
spontaneously through the action of wild yeasts. The 

Babylonians developed the art of brewing further, in 

which the emmer and barley content as well as the 

strength of the beer were closely regulated [4]. 

The Egyptians refined more the art of beer brewing and 

the legal requirements. They made the grains germinate 

and eliminated the soaked pieces of bread by sieving. 

From the seventh century, malting and brewing processes 

were researched with great experimental zeal, mainly in 

German monasteries. In the following centuries, brewing 

and dispensing rights were loaned out to several 
monasteries. It was also the monks who first used hops as 

a flavoring agent. Until the sixteenth century, only the 

spontaneous top fermentation, which occurs at higher 

temperature, was known; later, bottom fermentation also 

was discovered [1]. The secondary starch sources being 

often termed as adjuncts, especially used as a lower cost 

substitute for malted barley. In this context, obtaining part 

of the starch by the addition of other starch-containing raw 

materials (other sources of extract) of brewing adjuncts to 

partially substitute malt is becoming a standard procedure. 

Thus, the brewer needs to ensure that wort prepared from 

mixed grist’s of malt and adjuncts does not diminish the 
traditionally high quality standards [5]. Starch-rich 

adjuncts are usually considered non-malt sources of 

extractable carbohydrate, which typically do not 

contribute to either enzyme activity or soluble nitrogen [5]. 

The amount of these adjuncts used is varying widely 

from 10 to 30% in Europe, to 40 to 50% for some US 

brewers, to as high as 50 to 75% in certain African 

countries [2]. However, in certain countries, for example 

Germany, malt is the only permitted source of fermentable 

extract because of the German purity law or 

"Reinheitsgebot” [4]. 
The increased price of barley malt, low production rate 

of beer barley due to environmental factors and 

adulteration of this barley with food barley which is high 
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in beta-glucan have negative consequences for Ethiopian 

brewing industries. The impact of all these changes forced 

brewing industries to take into account selected crops as 

partial substitute of barely malt[8].  

Therefore, this article focuses to minimize the costs of 

brewing industries without changing the quality of the 

beer by using fermentable starch crops as partial substitute 

for barley malt which are widely available in Ethiopia. 

2. Over all Process 

The production of beverages from malted grain, notably 

beer, involves many unit operations performed 

sequentially. The main stages include malting, wort 

production, fermentation and conditioning (maturation). 

Each of these operations is followed by a separation stage. 

In beer making, the wort separation stage which follows 

mashing is regarded as the most critical and most difficult 

[3]. Adjuncts can either be added to the cereal cooker, the 
mash tun or directly to the brew kettle [8]. 

Cooker mash adjuncts consist of non-gelatinized cereal 

products (meal, grits, flour, or dry starch) whose starches 

are in their native forms. A non-gelatinized adjunct needs 

to be heated in a separate cereal cooker to complete 

liquefaction since the starch gelatinization temperature of 

the adjunct is higher than that used for the malt 

saccharification (starch hydrolysis) temperature [8]. The 

cooked adjunct is then added directly to the mash in the 

mash tun. The malt enzymes from the malt mash can be 

used to hydrolyze the starch from the adjunct, converting 

it to sugars ready for fermentation [5]. 

3. Materials and Methods  

The materials used in this experiments were:  

  Hops from Dashen Brewery,  

  Malted barley, 

  Yeast of top fermentation (Cervisiae genesis strain) 
from Dashen Brewery, 

  Spring water, 

  Potato, Maize and 

  Enset. 
Chemicals: All chemicals used in this study were 

analytical grades and listed under here: 

  Sulphuric Acid (H2SO4) (98%, England), 

  Calcium Chloride 

  Calcium Sulphate,  

  (DNSA), 

  Sodium-tartarate, 

  Sodium hydroxide 

  Phenol 

  Sodium acetate 

  Filter paper 

  Iodine- used for starch test 

  Phosphate buffers.  
Equipments: the equipments used in this study are listed 

here under: 

  Color comparator 

  Kjeldahl apparatus 

  Saccharometer 

  measuring cylinder 

  Oven 

  refractometer 

  Buhler-Miag  

  disc miller 

  Sieve  

  Mash bath  

  digital density meter 

  centrifuge 

  Vortex and 

  Spectrophotometer. 

3.1. Experimental Design and Data Analysis 

The three beer varieties including pure barley malt 

namely barley-maize malt, barley-potato malt, and barley-

enset malt were produced in triplicate and evaluated under 

completely randomized design using CCD using design 

expert software. 

The probability (P-values) values and normal 

probability plot indicated quadratic polynomial model 
satisfies ANOVA assumptions and the model was 

considered to be accurate and reliable for predicting the 

yield of alcohol (beer) by partial substitute of barley malt 

with starch crops.  

4. Results 

Final beers were analysed for a range of key quality 

parameters: saccharification time, iodine test, alcohol 

content, original extract, real and apparent degree of 

fermentation and those were measured directly by 

instruments are reported. For a normal beer, the 
parameters were conforming to the quality standards of 

beer. The values are also in line with the values of the 

ASBC standard (ASBC, 1999., EBC, 1998).  

Table 1. 75% Potato, Maize and Enset substitute beer result analysis  

Source for 

substitute 

Sacch. time 

(min) 

Iodine 

test  

Original 

extract 

Real deg. of 

fermentation 

Apparent deg. of 

fermentation 

Alcohol 

Content 

Potato 15 -ve 13.77 63.5 76.3 3.63 

Maize 13 -ve 12.39 65.2 80.5 4.04 

Enset 15 -ve 12.14 65.7 81 4.03  

EBC(std) 10-20 -ve 10-14 60-70 75-85 3.5-4.5  

Table 2. 62.5% Potato, Maize and Enset substitute beer result analysis 

Source for 

substitute 

Sacch. time 

(min) 

Iodine 

test 

Original 

extract 

Alcohol 

Content 

Real deg. of 

fermentation 

Apparent deg. of 

fermentation 

Alcohol 

Content 

Potato 15 -ve 13.77 3.73 63.5 76.3 3.63 

Maize 13 -ve 12.39 3.94 65.2 80.5 4.04 

Enset 15 -ve 12.14 3.83 65.7 81 4.03 

EBC(std) 10-20 -ve 10-14 3.5-4.5 60-70 75-85 3.5-4.5 
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Table 3. 50% Potato, Maize and Enset substitute beer result analysis  

Source for 

substitute 

Sacch. time 

(min) 

Iodine 

test  

Original 

extract 

Alcohol 

Content 

Real deg. of 

fermentation 

Apparent deg. of 

fermentation 

Alcohol 

Content 

Potato 15 -ve 12.97 3.87 63.5 76.3 3.63 

Maize 13 -ve 13.19 3.89 65.2 80.5 4.04 

Enset 15 -ve 13.14 3.79  65.7 81 4.03  

EBC(std) 10-20 -ve 10-14 3.5-4.5  60-70 75-85 3.5-4.5  

For all the three starches (potato, enset, maize) in the 

three starch-malt compositions (50 %, 62.5 %, and 75 %), 

the saccharification time was normal (10 to 20 min). This 

showed that malt usually contains an excess of amylolytic 

enzymes, so up to 75% of the malt can be replaced with a 
starch fraction at the mashing step without the need to add 

enzymes.  

5. Conclusion 

In this study the use of starches from selected crops 

(Maize, Enset, and Potato) as partial substitutes for barley 

malt was found to be promising to develop beer product. 

The production of beer from the three types of starch 

sources gave good yield of extract content. Maize was 

found to produce the highest yield of extract from the 

three crop types. It is also better in alcohol content, flavor, 
lautering & saccharification time than others. Enset has 

been found to be the second important starch source that 

has a potential application in breweries. It has generally 

good yield of extract, alcohol content and flavor however 

performed poor in lautering time at 75% substitute relative 

to others. 

Recommendation 

It is recommendable to further study on possibility for 

improvement and prediction for utilization of starch crops 

for value-added products like beer for economic and 
technological development. 
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