
Fermentation and
Food Safety

Editors

Martin R.Adams, MSc, PhD
Reader in Food Microbiology

School of Biomedical and Life Sciences
University of Surrey

Guildford, United Kingdom

M. J. Robert Nout, PhD
Associate Professor

Laboratory of Food Microbiology
Wageningen University

Wageningen, The Netherlands

AN ASPEN PUBLICATION®
Aspen Publishers, Inc.

Gaithersburg, Maryland
2001



Foreword

In every part of the world, people wage a con-
stant battle against food contamination and the
resulting food-borne diseases and food wastage.
Efforts to reduce the devastating consequences
of food contamination started long before writ-
ten records. Besides cooking, smoking, and
simple sun drying, fermentation is one of the
oldest technologies used for food preservation.
Over the centuries, it has evolved and has been
refined and diversified. Today, a large variety of
foods are derived from this technology, which is
used in households, small-scale food industries,
and large-scale enterprises. Foods so produced
form a major part of the human diet all over the
world but only a few people are aware of the
multitude of fermented products and their im-
portance in the human diet. In fact, all cultures
have in the course of their development learned
the technique to preserve some of their foods by
fermentation. However, the safety of fermented
foods is a concern everywhere.

In the past, traditional fermentation technolo-
gies were based on experiences accumulated by
consecutive generations of food producers, as a
result of trial and error. Only relatively recently
have science and technology started to contrib-
ute to a better understanding of the underlying
principles of the fermentation process and of the
essential requirements to ensure the safety as
well as nutritional and sensory quality of fer-
mented foods. Since the days of Louis Pasteur,
who pointed to the importance of hygiene in re-
lation to fermentation, it is known that this tech-
nology is easily influenced by various factors

during processing, and if not applied correctly,
the safety and/or quality of the final product may
be jeopardized. As a matter of fact, causes and
outbreaks of food-borne illness have been traced
back to fermented food, in spite of the general
ineffectiveness of food-borne disease surveil-
lance programs in most countries.

Fermentation is also of economic importance
in areas or for populations where preservation
technologies such as cold storage (refrigeration)
or hot-holding cannot be used for lack of re-
sources or facilities. In such situations, fermen-
tation may be considered an affordable technol-
ogy, which — if applied correctly — results in the
safe preservation of foods, including comple-
mentary foods for infants. Particularly in devel-
oping countries, as a result of poor hygiene and
incorrect application of fermentation, comple-
mentary foods are often contaminated with
pathogens and subsequently are a major cause of
infant diarrhea and associated malnutrition.

Against this background, the World Health
Organization (WHO), jointly with the Food and
Agriculture Organization (FAO), organized in
1995 a workshop to assess fermentation as a
household technology for improving food
safety.1 This workshop was the first of its kind,
highlighting the critical points in the fermenta-

!Fermentation: Assessment and Research. Report
of a Joint FAOAVHO Workshop, Pretoria, South Af-
rica, 1 1-15 December 1995. WHO Consultations and
Workshops: WHO/FNU/FOS/96.1



tion process to ensure the safety of the resulting
products, in line with the Hazard Analysis and
Critical Control Point (HACCP) system. In a
way. this book is a result of this workshop. Both
Aspen Publishers and the two editors, MJ. Rob-
ert Nout and Martin R. Adams, deserve applause
for this initiative and the unique approach they
have adopted: the book focuses on food safety in
all its aspects and is largely hazard based, which
helps to identify those areas where knowledge is
lacking but needed for a satisfactory risk assess-
ment to be made. This is in contrast to the exist-
ing literature on fermented foods, which is gen-
erally confined to descriptions of the product(s)

and the microbiology/biochemistry of their pro-
duction.

In the interest of public health and food secu-
rity, I wish this book a large and interested read-
ership and for fermentation to result in safe, nu-
tritionally adequate, and superbly tasting foods
with long shelf lives.

Fritz Kdfer stein, DVM9 PhD
Former Director, Programme of Food

Safety and Food Aid, WHO, Geneva;
Current Distinguished Visiting Scientist,

Joint Institute for Food Safety and Applied
Nutrition, Washington, DC



Preface

Fermented foods enjoy worldwide popularity
as attractive, wholesome and nutritious compo-
nents of our diet. They are produced on an enor-
mous scale employing a huge variety of ingredi-
ents and manufacturing techniques. Whether
traditional home-made foods, or high-tech prod-
ucts derived from genetically modified organ-
isms, the safety of the consumer remains of fore-
most importance.

Fermented foods have always been generally
regarded as safe, but this reputation has been se-
riously threatened in recent years by incidents
such as outbreaks of illness caused by pathogens
in soft cheeses and fermented meats, chronic
cyanide intoxications from poorly processed
cassava tubers, and mycotoxins in fermented ce-
real foods. In addition, modern techniques of ge-
netic engineering and biotechnology, which of-
fer considerable opportunities in the area of
fermented food production, have also raised
safety concerns among consumers. It is neces-
sary therefore to have concrete guidelines on the
conditions which lead to safe products and to
have a realistic view about what "guaranteed
safety" means. The massive impact of HACCP
as a systematic approach to ensuring food safety
has been widely apparent in recent years and the
technique is as applicable to food fermentation
as to any other food processing operation. At
present however, the literature on fermented
foods has no focus on safety, but is mainly de-
scriptive, concentrating on microorganisms re-
sponsible for fermentation and on the biochemi-
cal changes occurring in the food.

This book aims to integrate modern concepts
of safety assurance with the sometimes very tra-
ditional environment of the production and dis-
tribution of fermented foods. In particular, we
have taken a largely hazard-based approach
rather than one centered on the different com-
modities used. Introductory chapters aim to pro-
vide a broad understanding of the nature of fer-
mented foods, their production, distribution, and
use by consumers, and also discuss the general
features of fermentation processes that contrib-
ute to the product's overall safety and HACCP.
For the bulk of the book, we have sought chap-
ters which describe the principal individual haz-
ards, both chemical and microbiological, and try
to provide some guidance on how these might be
controlled in food fermentations. These hazards
are discussed from the point of view of their se-
verity and incidence, how they get into the food,
which foods are specifically at risk, and what, if
any, are the conditions that remove or inactivate
these hazards. In many cases there is a dearth of
published material specifically on fermented
foods, and contributors have used data obtained
in slightly different contexts to give some guid-
ance. This exercise has proved useful in high-
lighting where information is lacking and identi-
fying areas where more research is desperately
needed.

It is hoped that the book will serve as a source
of reference to support and help improve the
production of safe fermented foods at all scales
(household preparation up to large-scale indus-
trial plants) and using all major food groups.
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