
 1 

 
 
 
 
 
 
 
 
 

Processing of various adjuncts  
in beer production 

 
Raw grain adjuncts – Sugars and sugar syrups –  

Malt substitutes 
 
 
 
 
 
 
 

Prof. Dr. sc. techn. Gerolf Annemüller 
 

Dr. sc. techn. Hans-J. Manger 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Published by VLB Berlin 
 
 

Hans
Rechteck



 

 2 

 
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie; 
detailed bibliographic data is available in the Internet at dnb.ddb.de 
 
 
 
 
 
 
 
 
Contact to the authors: 
Dr. Hans-J. Manger 
Pflaumenallee 14 
15234 Frankfurt (Oder) 
Germany 
hans.manger@t-online.de 
 
 
 
1. English Edition 2013 
 
 
Translated by Mike Burbidge, Berlin 
 
 
 
 
 
 
 
 
 
 
 
ISBN-13:  978-3-921690-74-1 
 
 
 
© VLB Berlin, Seestrasse 13, D-13353 Berlin, Germany, www.vlb-berlin.org 
 
All rights reserved by the Versuchs- und Lehranstalt für Brauerei in Berlin (VLB), 
Seestrasse 13, 13353 Berlin, Germany, www.vlb-berlin.org 
 
All rights reserved (including those of translation into other languages). No part of this 
book may be reproduced in any form – by photocopy, scanning or any other means – 
without written permission from the publishers. 
Registered names, trademarks, etc. used in this book, even when not specifically 
marked as such, are not to be considered unprotected by law. 
 



 

 3

 
 

Contents 
 

Abbreviations    8 

Preface    9 

1. Introduction  11 
1.1 Brief historical review of the use of raw cereals and other adjuncts    11 
1.2 Explanation of terms used for extract-supplying raw materials    12 

1.2.1 Extract   12 
1.2.2 Mash and mashing   12 
1.2.3 Mashing procedures   13 
1.2.4 Malt   13 
1.2.5 Malt substitutes or malt surrogates   13 
1.2.6 Adjuncts   13 
1.2.7 Sugar, sugar products and iodine-negative starch hydrolysates   13 
1.2.8 Malt substitutes in times of crisis   14 
1.2.9 Malt equivalent value (MEV)   14 
1.2.10 Summary of the definitions of extract sources for beer production   14 

1.3 The three most important raw grain adjuncts for beer production    15 
1.4 Influence of the adjunct on the efficiency and on technological consequences  15 

2. Adjuncts (malt substitutes)  18 
2.1 Introduction and evaluation of the significance of the adjuncts.    18 
2.2 The key differences between the three principal raw grain adjuncts and the 

conclusions which can be drawn for the process management    19 
2.2.1 Chemical composition   19 
2.2.2 Gelatinization temperatures   20 
2.2.3 -Amino-Nitrogen (FAN) content of the pitching wort   21 
2.2.4 Possible technological measures to increase the FAN in adjunct worts   22 
2.2.5 Influence of grist composition on amounts of trace elements in the wort   23 

2.3 Corn (maize)(Zea mays)    23 
2.3.1 Botany, history and importance of corn cultivation   23 
2.3.2 Structure and chemical composition of the corn kernel   24 
2.3.3 Processing of the corn kernels   26 

2.4 Rice (Oryza sativa)    26 
2.4.1 Botany, history and importance of rice cultivation   26 
2.4.2 Chemical composition of rice   28 
2.4.3 Rice processing and its intermediate products   28 

2.5 Barley (Hordeum vulgare)    30 
2.5.1 Botany, history and importance of barley cultivation   30 
2.5.2 Structural differences between barley adjuncts and barley malt   31 
2.5.3 The chemical composition of barley   33 



 

 4 

2.5.4 Quality requirements for barley adjuncts   33 
2.6 Millet    34 

2.6.1 Sorghum   34 
2.6.1.1 Botany, history and importance of sorghum cultivation   34 
2.6.1.2 The chemical composition of sorghum   35 

2.6.2 Millet (Panicum)   36 
2.6.3 Cyanide in millet varieties   37 

2.7 Other cereal species    37 
2.7.1 Wheat   38 
2.7.2 Rye   38 
2.7.3 Oats   39 
2.7.4 Triticale   40 

2.7.4.1 Brief general description   40 
2.7.4.2 Composition and properties of raw triticale grain and  

malting trials   40 
2.7.5 Pseudocereals   42 
2.7.6 Roasted cereals   43 

2.8 Cassava (manioc)    43 
2.8.1 Brief description and special biological features   43 
2.8.2 Composition and chemical specialities   44 
2.8.3 Toxicity of the cassava tubers and measures to reduce it   45 

2.9 Arrowroot (Maranta arundinacea)    46 
2.10 Iodine-negative starch syrups and other sugar products    47 

  2.10.1 Influence of the composition of sugars in the wort on fermentation   47 
    2.10.1.1 The sequence of sugar utilization   47 
    2.10.1.2 The use of adjuncts and the sugar composition of the wort   48 
    2.10.1.3 Limits to the addition of sucrose and glucose   48 
    2.10.1.4 Starch syrups   49 
    2.10.1.5 Technological conclusions   49 

  2.10.2 Requirements on the composition of the starch syrups   49 
  2.10.3 Production and composition of starch syrups for the brewing process   49 

    2.10.3.1 Dextrose equivalent (DE) value   49 
    2.10.3.2 Process of starch hydrolysis   50 
    2.10.3.3 Composition of the starch hydrolysates   50 
    2.10.3.4 Advantages of suitable starch hydrolysates in the  

     brewing process   52 
2.11 Substitute products in times of hardship    52 

  2.11.1 Beer-like beverages on the basis of whey   52 
    2.11.1.1 Composition of milk and whey   53 
    2.11.1.2 Changes to the wort composition due to the use of whey   53 
    2.11.1.3 Nitrogenous substances   54 
    2.11.1.4 Minerals and vitamins   54 
    2.11.1.5 Recipes   55 
    2.11.1.6 Lactose fermenting yeasts   55 

  2.11.2 Potato starches   56 
2.12 Composition of the adjuncts according to the literature    57 



 

 5

3. Use of enzymes and other additives for processing adjuncts   60 
3.1 A brief description of enzymes and enzyme catalyzed processes    60 
3.2 A brief description of the enzymes involved in the brewery mashing process    62 
3.3 Factors which influence the enzyme activity and the rate of substrate  

conversion    62 
3.4 Characterization examples of the factors influencing the activities and  

stabilities of enzymes    64 
3.4.1 Bacterial -amylase BAN from Bacillus subtilis cultures   64 
3.4.2 Bacterial endo--glucanase from Bacillus subtilis cultures   66 

3.5 Production and purification of enzyme preparations and their secondary 
activities    68 

3.6 Some directions regarding the handling and use of enzyme preparations    69 
3.6.1 Work safety precautions   69 
3.6.2 Storage information   70 
3.6.3 Handling instructions   70 
3.6.4 Information on concentration details and dosage of the enzyme 

preparation   70 
3.6.5 Information regarding inactivation   71 

3.7 Most important industrial amylases for starch degradation in brewery mashes 71 
3.8 Application of proteolytic enzyme preparations in brewhouse adjunct mashes   74 
3.9 Enzyme preparations for the degradation of the hemicelluloses and gums    75 

3.9.1 Information on the origins of the hemicelluloses and gums   75 
3.9.2 Properties and technological impacts of barley -glucan   75 
3.9.3 Problems during the enzymatic degradation of high  

molecular -glucans   76 

4. Technology and technique of preparation, storage and crushing  
    of the adjuncts   80 

4.1 Preparation and storage of the raw materials    80 
4.2 Milling of the cereal adjuncts    80 

4.2.1 Milling objectives   80 
4.2.2 Milling from the process engineering point of view   82 
4.2.3 Milling variations for adjuncts   83 
4.2.4 Problems by the milling of adjuncts   83 
4.2.5 Possible improvements for the use of roller mills for the  

milling of adjuncts   84 
4.3 Milling equipment for adjuncts    85 

4.3.1 Milling equipment for lauter tun brewhouses   85 
4.3.1.1 Roller mills   85 
4.3.1.2 Conditioning system for cereal grains   86 
4.3.1.3 Hydrothermal treatment of the raw materials   87 
4.3.1.4 Production of flakes   88 

4.3.2 Milling equipment for mash filter brewhouses   89 
4.3.2.1 Impact mills   89 
4.3.2.2 Dispersion milling system, “Dispax”   91 



 

 6 

4.3.2.3 Multicracker   92 
4.3.3 Other milling equipment   93 
4.3.4 The application of extruders   93 
4.3.5 Assessment of the milling equipment   93 

4.4 Processing of raw grains - examples    94 
4.4.1 Processing possibilities for oats   94 
4.4.2 Processing possibilities for corn (maize)   97 

4.4.2.1 Dry degermination of corn (maize)   97 
4.4.2.2 Wet degermination of corn (maize)   98 

4.4.3 Processing possibilities for rice 100 

5. Mashing procedures and the processing of adjuncts to obtain  
    worts for beer production 101 

5.1 Aims of the mashing process  101 
5.2 The importance of the amount of malt in the malt-adjuncts grist  101 
5.3 Starch degradation during mashing  103 

5.3.1 Preparation of the grist 103 
5.3.2 Mode of action of the malt amylases and microbial enzyme  

preparations 104 
5.3.3 The gelatinization temperatures of the most important cereal adjuncts 104 
5.3.4 Recommendations for a better utilization of the enzyme potential of the  

malt in malt-raw grain mashes, especially for poorly modified malts 105 
5.3.5 The consequences of low levels of fermentable sugars in adjunct  

worts with AAL values below 80 % 107 
5.4 Protein degradation during the mashing of malt-adjunct mashes  108 
5.5 Degradation of the hemicelluloses during mashing with malt-adjunct mashes 110 
5.6 Calculation of the partial mashes and the temperature steps  112 
5.7 Some typical mashing procedures for the processing of raw grain adjuncts  114 

5.7.1 Mashing procedure 1: Decoction method with rice or corn grits  
with the use of a thermostable -amylase 114 

5.7.2 Mashing procedure 2: Decoction method with rice or corn grits 
without the use a thermostable -amylase 115 

5.7.3 Mashing procedure 3: Standard - Infusion mash procedure, particularly  
suitable for the processing of raw barley adjuncts (RBA) 116 

5.7.4 Decoction mash variations for mashing with barley adjuncts 118 
5.7.5 Mashing procedure for the processing of sorghum adjuncts 120 

6. Special features regarding the use of barley adjuncts for beer  
    production 123 

6.1 The influences on the pitching wort composition of the proportion of raw barley 
adjuncts (RBA) in a malt-adjuncts grist, without additional microbial enzymes 123 
6.1.1 Influence of the proportion of raw barley adjuncts (RBA) in the  

grist on the starch degradation products in the pitching wort 123 
6.1.1.1 Correlation and regression analyses of the influence of  

the malt fraction (MF) on the composition of sugars in  
barley adjunct worts 124 



 

 7

6.1.1.2 Gelatinization of barley starch and amylase content of the  
mash 124 

6.1.1.3 Discussion of the results 126 
6.1.1.4 Influence of the proportion and quality of the malt in the grist  

on the final attenuation when processing barley adjuncts 126 
6.1.2 Influence of the proportion of barley adjuncts (RBA) in the grist on  

the compositions of nitrogenous compounds and tannins in the  
pitching wort 127 

6.1.3 Influence of the proportion of barley adjuncts (RBA) in the grist on the   
composition of hemicellulose degradation products in the pitching wort 127 

6.1.4 Buffering and pH value during the processing of barley adjuncts 129 
6.2 First exploratory industrial trials with a bacterial enzyme preparation and 

increasing amounts of barley adjuncts  130 
6.3 Summary of the modifications for the processing of barley adjuncts  132 
6.4 Some results from the trials to optimize the malt-barley adjunct worts by  

the application of microbial enzymes  132 
6.4.1 Trials to optimize the starch degradation using external microbial  

amylases 133 
6.4.1.1 Trials with 35 % barley adjuncts 133 
6.4.1.2 Trials with 50 % barley adjuncts 135 
6.4.1.3 Trials to increase the AAL 136 
6.4.1.4 Laboratory trials with pullulanase 137 

6.4.2 Trials to optimize protein modification using external microbial  
proteases 137 

6.4.3 Trials to optimize the degradation of gums and -glucans, responsible  
for increases in viscosity, by the use of external microbial cytolytic 
enzymes 140 
6.4.3.1 Requirements of the pitching worts dependent on fermentation 

process 141 
6.4.3.2 Required dosages of endo--glucanases for pure barley  

adjunct-malt grists when using classical fermentation/ 
maturation methods 142 

6.4.3.3 Required dosages of endo--glucanases for pure barley  
adjunct-malt grists for pitching worts in CCV 143 

6.4.3.4 The viscosity of the pitching wort as target parameter 147 
6.4.3.5 Calculation of the wort viscosity attained during mashing  

when sugar is added to the boiling wort 148 

7. Concluding observations 149 
7.1 The quality of raw grain beers  149 
7.2 Assessment of the use of microbial enzymes in beer production  149 
7.3 An economic assessment of the use of raw grain adjuncts  150 

7.3.1 Economic assessment in the early phases of raw barley adjunct 
processing using microbial enzymes 150 

7.3.2 Comparison of extract costs with optimized enzyme technology 151 

Index 153 

Bibliography and sources 159 



 

 8 

 
 
 

Abbreviations 
 
AAL    Apparent attenuation limit 
ADF    Apparent degree of fermentation 
as is    air-dry condition 
BC    Before Christus 
CCV    Cylindroconical vessel 
cG2    Maltose concentration 
DE    Dextrose equivalent 
DP    Diastatic power 
ED    Extract difference (Fine/coarse) 
E452    Extinction value in a 1 cm cuvette at 452 nm 
d.m.    In dry matter 
FAN    Free alpha-amino nitrogen 
FAO/WHO Food and Agriculture Organization of the World Health Organization 
FCC    Food chemicals codex 
Fpase    Filter paper saccharifying activity 
GDR    German Democratic Republic (1949 - 1990) 
GT    Gelatinization temperature 
ISPP   Industrial scale pilot plant 
IU     International enzyme units 
JECFA   Joint FAO/WHO Expert Committee on Food Additives 
M     Mole mass in Dalton (Da) 
MF    Malt fraction 
MEV    Malt equivalent value 
OG    Original gravity 
PW    Pitching wort 
RBA    Raw barley adjuncts 
RDF    Real degree of fermentation 
TU    Tyrosine units 
U     Units 
vmax    Maximum rate of reaction 
YB    Young beer 
 
°WK    Degrees Windisch-Kolbach 
 
 
Abbreviations for statistical analyses 
R²     Coefficient of determination 
multiple R² Coefficient of determination for multiple regression and  
      correlation analysis 
n     Number of test series 
  *     Result with 95 % confidence limits 
  **    Result with 99 % confidence limits 
  ***    Result with 99.9 % confidence limits 
 
 



 9

 
 
 
 
 
 
 

Preface 
 
 
With the title “Raw Materials, Technologies and Techniques for the Processing of 
Various Adjuncts in Beer Production”, the authors wish to present a short history of the 
use of raw grain adjuncts and inform about the present situation. 
 Alongside an explanation of the important terms, the focus is on the main adjuncts 
corn (maize), rice and barley and the peculiarities associated with their processing but 
also on millet/sorghum, wheat, rye, oats, triticale, manioc as well as starch syrups and 
other sugar products. The use of whey and potatoes is also dealt with. 
 The enzymes relevant for the digestion of adjuncts are outlined and the handling of 
enzyme preparations explained. 
 The technical equipment for the preparation and processing of the adjuncts, 
especially the mechanical crushing and grinding techniques, are presented.  
 Key topics in the text are, above all, the mashing process and suggestions for wort 
production using raw grain adjuncts in the brewery. Emphasis is given to the processing 
of raw barley. 
 Finally, quality aspects of the beers and economic considerations of adjunct use are 
discussed. 
 
The results presented are based on the long term experiences of the authors with the 
use of adjuncts in the brewing industry of the former GDR and their accompanying 
scientific support. 
 
The accumulated knowledge could also be of assistance in the future to secure the 
extract base for the international brewing industry. 
 
The authors wish to express their thanks to Mr. Mike Burbidge for translating the text 
and to the VLB Berlin for publishing it. 
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