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PREFACE

Evidence for the brewing of beer dates back to over 8,000 years and since then, its pattern and consumption has changed
considerably: from a beverage of warriors to a cheap and affordable commodity. Like most alcoholic drinks, it has been
prone to abuse and in some countries, the high per capita consumption of beer has led to considerable health risks. However,
current science indicates that, in moderate or low amounts, the consumption of beer may be beneficial to good health.

Beer in Health and Disease Prevention addresses the need for a single, coherent volume presenting this spectrum of informa-
tion. The book is composed of four main sections:

1. General aspects of beer and constituents

2. General effects on metabolism and body systems

3. Specific effects of selective beer-related components

4. Assay methods and techniques used for investigating beer and related compounds

Studying specific instances where beer consumption may have a positive impact on health, this book presents a compre-
hensive overview of both beer and its constituents, and their relationship to disease. For example, some cancers like bladder
cancers and the incidence of cardiovascular disease are reported to be lower in moderate beer drinkers. These findings have
led to the suggestion that beer contains substances that may be protective against disease. This has been shown to be true
to the extent that compounds derived from beer and hops are protective against damaged cells. Xanthohumol and isoxan-
thohumol are just two examples of potential anticancer agents.

Furthermore, there is a considerable body of emerging evidence to show that the antioxidant capacity of beers is high. It
has been argued by some that the total antioxidants ingested in some beer drinkers equates to that consumed by red wine
drinkers. However, beer is a complex beverage with well over 1,000 identifiable compounds and there is a continual drive
to identify and characterize new compounds that might also have potential pharmacological effects.

However, beer may also contain carcinogenic compounds, such as nitrosamines, even asbestos fibers from beer filters. All
this requires a holistic understanding of beer and beer-related science from brewing to the isolation beer-related compounds.

This book is designed to provide insight into the possibilities of the role of beer in health maintenance as well as prevention
of diseases. Contributors are authors of international and national standing, leaders in the field and trend-setters. Emerging
fields of science and important discoveries relating to beer have been incorporated in Beer in Health and Disease Prevention,
and this resource will be essential reading for nutritionists, pharmacologists, health care professionals, research scientists,
cancer workers, cardiologists, pathologists, molecular or cellular biochemists, general practitioners as well as those inter-
ested in beer or alcohol studies in general.

Victor R. Preedy
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FOREWORD

In recent years few issues have hit the public health agenda as hard as alcohol abuse. Excessive alcohol consumption carries
an attributable risk to public disorder, violent crime, road traffic accidents, hospital admissions and social instability. The
government purse, filled by every taxpayer, is increasingly called upon for alcohol-related health care and law enforcement.
The public face of alcohol consumption comprises bars, clubs, pubs and various social and sporting events — and synony-
mous with these is beer. So from where does a sincere, scientific book arrive entitled Beer in Health and Disease Prevention?
The answer, in large part, lies in the now famous J-shaped curve that links alcohol ingestion to risk for a number of dis-
eases. In short, moderate alcohol consumers not only appear to have better long-term health outcomes than excessive alco-
hol consumers but they can also fare better than abstainers. In other words, for some diseases, the graph relating alcohol
intake to morbidity has a J shape with the nadir corresponding to moderate alcohol consumption. Study after study has
shown this; most famously for cardiovascular disease but additionally, for example, for bone disease, cognitive decline, Type
IT diabetes and even overall mortality. On balance, beer appears at least as effective as wine at protecting against disease,
when either are enjoyed in moderation, and our research has suggested that this effect may not only be attributable to beer’s
ethanol content but also to cereal and hop-related components such as silicic acid (silicon) and certain phenolics. But there
are two significant issues with the J-shaped curve: the first is one of scientific endeavor and the second of social implication.

The observation that moderate alcohol consumers enjoy better health than abstainers may be confounded by co-linear
patterns of behavior, social class and education. Put simply, the argument is that moderate consumers are moderate indi-
viduals who enjoy moderate life styles (exercise, balanced diet, low prevalence of smoking, high education and general
health awareness). In contrast, continues the argument, abstainers of alcohol also miss out elsewhere, including exercise,
diet balance and health education. This debate is not easily resolved. In most areas of medical science an “intervention
study” would allow consensus to be reached but ethically and practically it is all but impossible to supplement abstainers
with alcohol in moderation to see if this leads to an improvement in long-term health. Thus, we must reply on population
survey studies, with their inherent limitations noted above. A major step in addressing whether the “moderate alcohol-bet-
ter health” picture is confounded or not is the identification of underlying mechanisms. If biological pathways exist that
explain the observations, then greater confidence can be drawn from the survey data. Beer in Health and Disease Prevention
provides extensive data on the underlying science that can link moderate ethanol consumption, or other components of
beer, to biological responses thus explaining some of the epidemiological observations. It also provides a framework around
which further scientific studies can be built and, therefore, paves the way in providing quantification or “attributable ben-
efit” to the associations.

However, if the J-shaped curve is proven beyond reasonable doubt what then do governments and health organizations do
with the data? Will this not simply fuel further excessive drinking? It, of course, depends on how the message is handled
and the context in which it is delivered. The message of abstention (or less-is-better) is not working in certain quarters. The
concept that responsible drinking could be well regarded in all circles of society while irresponsible drinking becomes socially
unacceptable, again at all levels, has its merit. Industry, governments, health organizations, alcohol organizations and health
care professionals will need to pull together with respect to taxation, acceptable beverage types and marketing strategies, serv-
ing sizes, alcohol content, sales policies, definition of moderation, and public dissemination of responsible drinking messages.
As such the J-shaped curve may have a role to play in addressing one of the most pressing public health issues of our time.
Beer has probably been around, in one form or another, since Neolithic times. It has, over millennia, provided clean, unin-
fected hydration and nutrition for many populations when water supplies and some foods have failed in this respect. It gently
crosses geography, creed and culture and is enjoyed by hundreds of millions of people across the world. Beer in Health and
Disease Prevention not only pushes our thinking on the breadth of the alcohol-health debate, but it is also a timely reminder
to society of the more gentle face of Janus when it comes to the complex, ancient but humble pint.

Professor Jonathan J. Powell

Head of Section (Micronutrient Status Research) and
Visiting Chair of Medicine (KCL)

MRC Human Nutrition Research

Elsie Widdowson Laboratory

Cambridge, UK
Jonathan.powell@mrc-hnr.cam.ac.uk
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General Aspects of Beer and
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(i) Beer Making, Hops and Yeast
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1

Processes, and Quality Criteria

Freising-Weihenstephan, Germany

Abstract

Brewers worldwide produce beer at an advanced technological
level while keeping in mind the importance of tradition. The
basic ingredients are water, malted barley, hops, and yeast, as it is
fixed in Germany by the legislation governing commercial brew-
ing, the Reinbheitsgebor (Purity Law) (BGB1, 1993). Brewing tech-
nologies worldwide are based on this recipe, although brewers in
other countries have more flexibility, for example in selection of
starch supply. Nevertheless, barley is commonly used as the source
of starch but it has to be malted to dissolve starch in the grains
prior to brewing. Malting steps are steeping, germination, and
kilning. Enzymes digest grain contents during these processes and
prepare starch for further processes. Heating during kilning pro-
duces coloring and flavoring substances. Further enzymes convert
the starch of milled malt to fermentable sugars during mashing.
This procedure results in wort that is boiled. Hops are added in
this stage of boiling. Yeast converts sugars to alcohol during fer-
mentation of cooled wort. After maturation and storage, beer is
filtered and stabilized to inhibit quality deficiencies. These may be
turbidity, decrease of flavor stability, or decrease of foam stability.
Each production step influences decisively the resulting beer. So,
an enormous variety of beers is possible that are all tasty, thirst-
quenching and healthy.

List of Abbreviations

4-VG  Vinylguaiacol

°dH Degree of hardness

DMS Dimethyl sulfite

DMS-P  Dimethyl sulfite precursor
FAN Free amino nitrogen

POC Phenolic off-flavor

PVPP Polyvinylpolypyrrolidon
Introduction

Beer is one of the oldest cultural achievements of mankind
and one of the most popular beverages all over the world.

Beer in Health and Disease Prevention

ISBN: 978-0-12-373891-2

Overview of Manufacturing Beer: Ingredients,

Sascha Wunderlich and Werner Back Lehrstuhl fur Technologie der Brauerei |,

From the technological point of view, beer has four main
properties based on its contents and manufacturing proc-
esses. It is (i) pure, (ii) wholesome, (iii) valuable, and (iv) it
displays a variety of styles and genres:

(@) The purity is guaranteed by the natural ingredients: hops,
malt, yeast, and water. No pathogenic germs are found in
beer because of the pH-value, presence of hop substances,
the anaerobic environment, the alcohol content and also
the fact that yeast metabolizes nearly all fermentable sug-
ars. Therefore, other micro-organisms experience a food
shortage. Additionally, the manufacturing process is a clar-
ifying process. Mashing, lautering, boiling, fermentation,
and fileration separate harmful or exogenous substances.

(b) Beer is wholesome because of the variability and the
balance of its contents. For example, 11 of beer has
low carbohydrate contents and fewer calories than the
equivalent amount of apple juice or milk. It contains no
preserving agents but valuable amino acids at a moder-
ate acidity. Generally, its alcohol content is in a physi-
ologically advantageous relation to its water content.

(c) Beer is a valuable source of vitamins (especially in form
of B-complexes), minerals and antioxidants. Beer is, nzer
alia, an excellent source of bio-available silicon. Further,
gallic acid, quercetin, xanthohumol, and Maillard prod-
ucts like pronyl-lysine have been implicated in contribut-
ing to the wholesome nature of beer.

(d) All over the world more than 100 beer varieties are pro-
duced, from Pilsener to lager and wheat beer, as well as
non-alcoholic varieties. Differences are based on the care-
ful selection of raw materials and variations of the brewing
process. Selected contents can be emphasized by special
manufacturing methods (Back, 2005a; Bamforth, 2004).

Raw Materials

Water, malt, hops, and yeast are the four main ingredients
for manufacturing beer. Quality and suitability of these
ingredients is absolutely vital for a tasty and beneficial

Copyright © 2009 Elsevier Inc.
All rights of reproduction in any form reserved



4 Beer Making, Hops and Yeast

product, as they are for cooking. Purchasing of raw mate-
rials for the brewery needs to strictly observe predefined
quality criteria. These criteria are as variable as the different
types of beer on the market (Kunze, 1999; Heyse, 2000;
Bamforth, 2003; Briggs ez al., 2004).

Water

Water is the main component of beer and so breweries often
stress the purity and originality of their brewing liquor.
Water quality for brewing beer is often determined by leg-
islation. It has to be potable, pure, and free of pathogens, as
measured by chemical and microbial analyses. Additionally,
there are ancillary quality requirements for water used for
brewing. The pH-value is especially important because dif-
ferent production steps only take place optimally at defined
pH-values. Substantial amounts of ions are released from
malt during mashing. These ions react with water ions
that cause changes in the pH-value. Alkaline earth met-
als (in first order Ca** and Mg?*) are important for the
aspect of hardness in brewing liquor. Others like K™ often
play a minor role. Generally, Ca?* and Mg?* are respon-
sible for decreasing the pH-value. It is increased by hydro-
gen carbonate ions. Reactions with primary, secondary,
and tertiary phosphates originating from malt inhibit this
effect, but partly can also stimulate it. The relationship of
pH-value increasing and decreasing ions finds its expression
in the residual alkalinity of brewing water. It describes the
effect that 3.5 mol Ca®" or 7mol Mg”" can compensate the
pH-value increasing effect of 1 mol hydrogen carbonate ions.

Residual alkalinity = total alkalinity — (hardness of Ca**
+ 0.5 X hardness of Mg®*)/3.5

Total alkalinity represents hardness of carbonates, which is
the content of carbonate and hydrogen carbonate ions. The
contribution of