.
B

U
gha




DEVELOPMENTS IN FOOD SCIENCE 31

MODERN MIETHODS
INFOOD MYCOLOGY

Edited by

ROBERT A. SAMSON
Centraalbureau voor Schimmelcultures
PO. Box 273

3740 AG Baarn, The Netherlands

AILSA D. HOCKING, JOHN . PITT
CSIRO Division of Food Processing
PO. Box 52

North Ryde, NSW 2113, Australia

and

A.DOUGLAS KING

USDA Agricultural Research Service
Western Regional Research Center
Albany, CA 94710, USA

ELSEVIER
Amsterdaeft=Teqdon - New York -Tokyo 1992




ELSEVIER SCIENCE PUBLISHERS B.V.

Molenwerf 1
P.0O.Box 211, 1000 AE Amsterdam, The Netherlands

Library of Congress Cataloging-in-Publication Data

Modern methods in food mycology / edited by Robert A. Samson ... [et
al.].
P. cm. -- (Developments in food science ; 31)

Includes bibliographical references and index.

ISBN 0-444-88939-6 (acid-free)

1. Food--Microbiology--Methodology. 2. Mycology--Methodology.
I. Samson, Robert A. II. Series.
QR115.M58 1992
664°' .07--dc20 92-27934

CIP

ISBN: 0-444-88939-6
© 1992 Elsevier Science Publishers B.V. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the
prior ,written permission of the publisher, Elsevier Science Publishers B.V., Copyright &
Permissions Department, P.O. Box 521, 1000 AM Amsterdam, The Netherlands.

Specialregulationsforreadersinthe USA-This publication has been registered with the Copyright
Clearance Center Inc. (CCC), Salem, Massachusetts. Information can be obtained from the CCC
aboutconditions under which photocopies of parts of this publication may be made inthe USA. All
other copyright questions, including photocopying outside of the USA, should be referred to the
copyright owner, Elsevier Science Publishers B.V., unless otherwise specified.

No responsibility is assumed by the publisher for any injury and/or damage to persons or proper-
ty as a matter of products liability, negligence or otherwise, or from any use or operation of any
methods, products, instructions or ideas contained in the material herein.

This book is printed on acid-free paper.

Printed in The Netherlands



DEVELOPMENTS IN FOOD SCIENCE 31

MODERN MIETHODS
IN FOOD MYCOLOGY



Proceedings of the

Second International Workshop on Standardisation of Methodss for the
Mlycological Examination of Foods,

held in Baarn, The Netherlands, 20 - 24 August, 1990.



DEVELOPMENTS IN FOOD SCIENCE

Volume 1

Volume 2

Volume 3

Volume 4

Volume 5

Volume 6

Volume 7

Volume 8

Volume 9

Volume 10

Volume 11

Volume 12

Volume 13

Volume 14

Volume 15

Volume 16

Volume 17

Volume 18

Volume 19

Volume 20

J.G. Heathcote and J.R. Hibbert

Aflatoxins: Chemical and Biological Aspects

H. Chiba, M. Fujimaki, K. lwai, H. Mitsuda and Y. Morita (Editors)

Proceedings of the Fifth International Congress of Food Science and Technology
1.D. Morton and A.J. MacLeod (Editors)

Food Flavours

Part A. Introduction

PartB. The Flavour of Beverages

Part C. The Flavour of Fruits

Y. Ueno (Editor)

Trichothecenes: Chemical, Biological and Toxicological Aspects

J.Holas and J. Kratochvil (Editors)

Progressin Cereal Chemistry and Technology. Proceedings of the VIith World Cereal
and Bread Congress, Prague, 28 June-2 July 1982

I. Kiss

Testing Methods in Food Microbiology

H. Kurata and Y. Ueno (Editors)

Toxigenic Fungi: Their Toxins and Health Hazard. Proceedings of the Mycotoxin
Symposium, Tokyo, 30 August-3 September 1983

V. Betina (Editor)

Mycotoxins: Production, Isolation, Separation and Purification

J. Hollo (Editor)

Food Industries and the Environment. Proceedings of the International Sympo-
sium, Budapest, Hungary, 9-11 September 1982

J.Adda (Editor)

Progress in Flavour Research 1984. Proceedings of the 4th Weurman Flavour
Research Symposium, Dourdan, France, 9-11 May 1984

J. Hollé (Editor)

Fat Science 1983. Proceedings of the 16th International Society for Fat Research
Congress, Budapest, Hungary, 4-7 October 1983

G. Charalambous (Editor)

The Shelf Life of Foods and Beverages. Proceedings of the 4th International Flavor
Conference, Rhodes, Greece, 23-26 July 1985

M. Fujimaki, M. Namiki and H. Kato (Editors)

Amino-Carbonyl Reactions in Food and Biological Systems. Proceedings of the 3rd
International Symposium on the Maillard Reaction, Susuno, Shizuoka, Japan, 1-5
July 1985

J. Skoda and H. Skodova

Molecular Genetics. An Outline for Food Chemists and Biotechnologists

D.E. Kramer and J. Liston (Editors)

Seafood Quality Determination. Proceedings of the International Symposium, An-
chorage, Alaska, U.S.A., 10-14 November 1986

R.C. Baker, P. Wong Hahn and K.R. Robbins

Fundamentals of New Food Product Development

G. Charalambous (Editor)

Frontiers of Flavor. Proceedings of the 5th International Flavor Conference, Porto
Karras, Chalkidiki, Greece, 1-3 July 1987

B.M. Lawrence, B.D. Mookherjee and B.J. Willis (Editors)

Flavors and Fragrances: A World Perspective. Proceedings of the 10th International
Congress of Essential Qils, Fragrances and Flavors, Washington, DC, U.S.A., 16-20
November 1986

G. Charalambous and G. Doxastakis (Editors)

Food Emulsifiers: Chemistry, Technology, Functional Properties and Applications
B.W. Berry and K.F. Leddy

Meat Freezing. A Source Book



Volume 21

Volume 22

Volume 23

Volume 24

Volume 25

Volume 26

Volume 27

Volume 28

Volume 29

Volume 30

Volume 31

J.Davidek, J. Velisek and J. Pokorny (Editors)

Chemical Changes during Food Processing

V. Kyzlink

Principles of Food Preservation

H. Niewiadomski

Rapeseed. Chemistry and Technology

G. Charalambous (Editor)

Flavors and Off-Flavors '89. Proceedings of the 6th International Flavor Conference,
Rethymnon, Crete, Greece, 5-7 July 1989

R. Rouseff (Editor)

Bitterness in Foods and Beverages

J. Chelkowski (Editor)

Cereal Grain. Mycotoxins, Fungi and Quality in Drying and Storage
M. Verzele and D. De Keukeleire

Chemistry and Analysis of Hop and Beer Bitter Acids

G. Charalambous (Editor)

Off-Flavors in Foods and Beverages

G. Charalambous (Editor)

Food Science and Human Nutrition

H.H. Huss, M. Jakobsen and J. Liston (Editors)

Quality Assurance in the Fish Industry. Proceedings of an International Conference,
Copenhagen, Denmark, 26-30 August 1991

R.A. Samson, A.D. Hocking, J.I. Pittand A.D. King (Editors)

Modern Methods in Food Mycology



xi

LIST OF CONTRIBUTORS

AUSTRALIA

Dr S. Andrews, School of Chemical Technology, South Australian Institute of Technology, P.O. Box 1,
INGLE FARM, SA 5098

Mr N.J. Charley, CSIRO Division of Food Processing, P.O. Box 52, NORTH RYDE, NSW 2113

Dr Ailsa D. Hocking, CSIRO Division of Food Processing, P.O. Box 52, NORTH RYDE, NSW 2113

Dr J.I. Pitt, CSIRO Division of Food Processing, P.O. Box 52, NORTH RYDE, NSW 2113

BELGIUM

A. Goris, Eco-Bio, Diagnostics Pasteur, Woudstraat 25, B-3600 GENK

L. Meulemans, Eco-Bio, Diagnostics Pasteur, Woudstraat 25, B-3600 GENK
Dr D. Stynen, Eco-Bio, Diagnostics Pasteur, Woudstraat 25, B-3600 GENK
N. Symons, Eco-Bio, Diagnostics Pasteur, Woudstraat 25, B-3600 GENK

DENMARK

Dr O. Filtenborg, Food Technology Laboratory, Technical University of Denmark, DK-2800 LYNGBY
Dr J.C. Frisvad, Food Technology Laboratory, Technical University of Denmark, DK-2800 LYNGBY
Ms Annette Lillie, Alfred J¢rgensen Laboratories, Frydendalsvej 30, DK-1809 FREDERIKSBERG

F. Lund, Food Technology Laboratory, Technical University of Denmark, DK-2800 LYNGBY

Dr M. Jakobsen, Alfred J¢rgensen Laboratories, Frydendalsvej 30, DK-1809 FREDERIKSBERG

Mr P. Nielsen, Food Technology Laboratory, Technical University of Denmark, DK-2800 LYNGBY
Dr U. Thrane, Food Technology Laboratory, Technical University of Denmark, DK-2800 LYNGBY

FRANCE

Mad. Helene Girardin, Unité de Mycologie, Institut Pasteur, 25 Rue de Dr. Roux, 75015 PARIS
Dr J.P. Latgé, Unité de Mycologie, Institut Pasteur, 25 Rue de Dr. Roux, 75015 PARIS

GERMANY

G. Cerny, Fraunhofer Institut fiir Lebensmitteltechnologie und Verpackung, Schragenhofstrasse 35, D-8000
MUNICH 50

Prof. J. Krimer, Institut fiir Mikrobiologie, Rhein. Friedr.-Wilh.-Universitit, Meckenheimer Allee 168,
D-5300 BONN

W. Ricken, Bundesforschunganstalt fiir Getreide und Kartoffelverarbeitung, Schutzenberg 12, D-4930
DETMOND

HUNGARY

Dr T. Dedk, Department of Microbiology, University of Horticulture and Food Industry, Somloi ut 14-16,
H-1118 BUDAPEST

G. Péter, Department of Microbiology, University of Horticulture and Food Industry, Somloi ut 14-16, H-
1118 BUDAPEST

O. Reichart, Department of Microbiology, University of Horticulture and Food Industry, Somloi ut 14-16,
H-1118 BUDAPEST



xii LIST OF CONTRIBUTORS

K. Szakmdr, Department of Microbiology, University of Horticulture and Food Industry, Somloi ut 14-16,

H-1118 BUDAPEST
V. Tabajdi-Pintér, Service for Veterinary and Food Examination, BUDAPEST

ISRAEL
Dr S. Steinman, Public Health Laboratory, HAIFA

NETHERLANDS

K.E. Dijkmann, Veterinary Faculty, University of Utrecht, P.O. Box 80175, 3508 TD UTRECHT-DE-
UITHOF

B.J. Hartog, CIVO-TNO, P.O. Box 360, 3700 AJ ZEIST

T. Hoopman, Department of Food Science, Agricultural University, P.O. Box 8129, 6700 EV
WAGENINGEN

Mr H. Kamphuis, National Institute of Public Health, P.O. Box 1, 3720 BA BILTHOVEN

Ir. Hetty Karman, Food Inspection Services, Nijennoord 6, 3552 AS UTRECHT

M.]J.R. Nout, Department of Food Science, Agricultural University, P.O. Box 8129, 6700 EV
WAGENINGEN

Ir. G.A. de Ruiter, Department of Food Science, Agricultural University, P.O. Box 8129, 6700 EV
WAGENINGEN

Dr S. Notermans, National Institute of Public Health, P.O. Box 1, 3720 BA BILTHOVEN

Ms Marjolein van der Horst, Centraalbureau voor Schimmelcultures, P.O. Box 273, 3740 AG BAARN

A.W. van der Lugt, Department of Food Science, Agricultural University, P.O. Box 8129, 6700 EV
WAGENINGEN

Drs Ellen S. van Reenen-Hoekstra, Centraalbureau voor Schimmelcultures, P.O. Box 273, 3740 AG
BAARN

Dr R.A. Samson, Centraalbureau voor Schimmelcultures, P.O. Box 273, 3740 AG BAARN

NORWAY

S. Ewald, Department of Food Hygiene, Norwegian College of Veterinary Medicine, P.O. Box 8146, Dep.
0033 OSLO 1

SPAIN

V. Sanchis Almenar, Departament de Technicologia d'Aliments, Universitat Polytecnica de Catallunya, Av.
Rovira Roure 177, 25006 LLEIDA

SWEDEN

Ms Kirsten Akerstrand, Statens Livsmedelsverk, P.O. Box 622, S-751 26 UPPSALA

Mr P. Adamek, Swedish Institute for Food Research, Box 5401, S-402 29 GOTHENBERG

Mrs Birgitta Bergstrom, Swedish Institute for Food Research, P.O. Box 5401, S-402 29 GOTHENBERG
Mr T. Birjesson, Swedish Institute for Food Research, P.O. Box 5401, S-402 29 GOTHENBERG

Mr U. Stollman, Swedish Institute for Food Research, P.O. Box 5401, S-402 29 GOTHENBERG

SWITZERLAND

Mad. Nadine Braendlin, Quality Assurance Department, Nestec Limited, Avenue Nestlé 55, CH-1800
VEVEY

Dr J.L. Cordier, Central Control Laboratory, Nestec Limited, CH-1814 LA-TOUR-DE-PEILZ

L. Cox, Quality Assurance Department, Nestec Limited, Avenue Nestlé 55, CH-1800 VEVEY



LIST OF CONTRIBUTORS xiii

TURKEY
Dr Dilek Heperkan, Hikmet sok. Baris apt., 11/2, 81090 ERENKOY-ISTABUL

UNITED KINGDOM

Dr J.N. Banks, MAFF Central Science Laboratory, London Road, SLOUGH, Berks. SL3 7HJ

Dr J.H. Clarke, MAFF Central Science Laboratory, London Road, SLOUGH, Berks. SL3 7HJ

Dr Janet E.L. Corry, J. Sainsbury PLC, Stamford House, Stamford Street, LONDON SE1 9LL

Ms Sarah J. Cox, MAFF Central Science Laboratory, London Road, SLOUGH, Berks. SL3 7HJ

G. Edwards, RHM Research and Engineering, Lincoln Road, HIGH WYCOMBE, Bucks. HP12 3QR

Ms Josephine B. Head, J. Sainsbury PLC, Stamford Street, LONDON SE1 9LL

Mrs Judith Kinderlerer, Department of Biological Sciences, Sheffield City Polytechnic, Pond Street,
SHEFFIELD S1 1WB

Dr M.O. Moss, Department of Microbiology, University of Surrey, GUILDFORD GU2 5XH

B.J. Northway, MAFF Central Science Laboratory, London Road, SLOUGH, Berks. SL3 7HJ

Ms Mary Phillips-Jones, Department of Molecular Biology and Biotechnology, University of Sheffield,
SHEFFIELD, S§10 2TN

Ms Kathleen Regan, J. Sainsbury PLC, Stamford Street, LONDON SE1 9LL

Dr D.A.L. Seiler, Flour Milling and Baking Research Association, CHORLEYWQOD, Herts. WD3 5SH

R.H. Shamsi, MAFF Central Science Laboratory, London Road, SLOUGH, Berks. SL3 7HJ

UNITED STATES OF AMERICA

Dr C.B. Anderson, Del Monte Corporation, 205 N. Wiget Lane, WALNUT CREEK, CA 94598

Dr L.R. Beuchat, Dept of Food Science, University of Georgia Experiment Station, GRIFFIN, GA 30223

R.E. Brackett, Dept of Food Science, University of Georgia Experiment Station, GRIFFIN, GA 30223

Dr L.B. Bullerman, Department of Food Science, University of Nebraska, LINCOLN, NE 68583

Dr L.S. Carlson, Pillsbury Company, Research and Development Laboratories, 311 Second Street
Southeast, MINNEAPOLIS, MN 55414

J.J.Churey, NYS Agricultural Experiment Station, Cornell University, GENEVA, NY 14456

Dr D.E. Conner, Department of Poultry Sciences, Auburn University, AUBURN, AL 36849-5416

Dr Maribeth A. Cousin, Department of Food Science, Purdue University, WEST LAFAYETTE, IN 47907

M. Flores, USDA ARS Western Regional Research Center, 800 Buchanan Street, ALBANY, CA 94710

T.L. Fox, Statistical Data Services, 3M Pharmaceuticals, 3M Center, ST. PAUL, MN 55144-1000

Dr D.A. Golden, Dept of Food Science, University of Georgia Experiment Station, GRIFFIN, GA 30223

Dr A.D. King, USDA ARS Western Regional Research Center, 800 Buchanan St, ALBANY, CA 94710

Brenda V. Nail, Dept of Food Science, University of Georgia Experiment Station, GRIFFIN, GA 30223

Dr K.E. Olson, National Food Processors Association, 6363 Clark Avenue, DUBLIN, CA 94568-3097

M.E. Parish, Institute of Food and Agricultural Sciences, University of Florida Citrus Research and
Education Center, LAKE ALFRED, FL 33850-2299

C. Royer, USDA ARS Western Regional Research Center, 800 Buchanan Street, ALBANY, CA 94710

Dr D.F. Splittstoesser, Department of Food Science and Technology, Cornell University, GENEVA, NY
14456-0462

Dr T.A. Torik, USDA ARS Western Regional Research Center, 800 Buchanan Street, ALBANY, CA
94710

Ms Diane I. West, ConAgra Frozen Foods, Six ConAgra Drive, OMAHA, NE 68102-5006



PREFACE

This book represents the Proceedings of the Second International Workshop on Stand-
ardisation of Methods for the Mycological Examination of Foods, which was held in
Baarn, the Netherlands, on 20 to 24 August, 1990. This Workshop was a follow up to the
highly successful First International Workshop, held in Boston, USA in July 1984. The
Proceedings of that Workshop were published as Merhods for the Mycological Examina-
tion of Food, edited by A.D. King, J.I. Pitt, L.R. Beuchat and Janet E.L. Corry, Plenum
Press, New York (NATO ASI Series, Series A: Life Sciences, Vol. 122, 1986).

Planning for the Second Workshop commenced in 1987, with a questionnaire seeking
ideas for studies on media and techniques, and for potential participants. Suggestions
from the survey were then developed into a series of collaborative studies among
participants and other interested persons. Collaborative studies were set up and
coordinated by Dr L.R. Beuchat. The editors wish to thank him, those who collaborated
in interlaboratory studies and the other individuals listed on pages xi-xiii for their input
which contributed so much to the success of this Workshop.

A major role of fungi in nature is to complete the carbon cycle by decomposition of
organic matter. In this role, fungi become competitors with food technologists who wish
to preserve food for later consumption by man or animals. Important reasons to study
fungi are the economic losses associated with spoilage of foods and the production of
mycotoxins in foods and feeds. Thus the main thrust of the workshop was to develop, test
and promote better methodology for the detection and enumeration of fungi in foods. We
wish to standardise methods, with resulting improvements in communications, interpreta-
tion of results between laboratories and improved facilitation of international commerce.
Planning for the First Workshop involved a decision not to include any papers on myco-
toxins, as this area is considered to be more closely related to chemistry and toxicology
than to mycology. The Second Workshop also did not include mycotoxin research, but
several studies have produced media for selectively isolating mycotoxigenic fungi.

The planning of the Workshop was in the hands of Larry R. Beuchat, Ailsa D. Hock-
ing, A. Douglas King, John I. Pitt, Robert A. Samson, and David A.L. Seiler. Thirty
five participants attended. Nine collaborative studies and 40 individual papers were pre-
sented over five consecutive days. Each day included sessions for discussion of the previ-
ous day's presentations. At a final plenary session, recommendations for methods to be
adopted were prepared and agreed on. These are summarised at the end of this book,
together with a section on the mycological methods and media considered, with current
knowledge, to be the most satisfactory available. We recommend these methods to all
who deal with the problems of fungi in foods.

The Second International Workshop was sponsored by the Dutch Royal Academy of
Sciences, Amsterdam, Head Inspectorate for Health Protection, Rijswijk, Pharmachemie
BV-Oxoid Nederland, Haarlem, Unilever Research, Vlaardingen, Avebe, Foxhol, Ce-
have, Veghel, Holland Biotechnologie BV, Leiden in the Netherlands, by Eco-Bio, Genk,



in Belgium, and by Oxoid Australia. We wish to sincerely thank all of these sponsors.
Local arrangements for the Workshop were very efficiently and smoothly organised with
the assistance of Mrs Ans Spaapen-de Veer and Tineke van der Berg. We wish to thank
each of them, as well as other members of staff of the Centraalbureau voor Schimmelcul-
tures, Baarn.

The Editors
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