Practical Food
Microbiology

THIRD EDITION

D. Roberts &
M. Greenwood

() Lt ﬁ’ﬂ“

Copyrighted Material



Practical Food
Microbiology



Practical Foo
Microbiolog

EDITED BY

Diane Roberts

BSc, PhD, CBiol, FIBiol, FIFST

Former Deputy Director, Food Safety Microbiology Laboratory
Public Health Laboratory Service

Central Public Health Laboratory

61 Colindale Avenue

London

NWO9 SHT

UK

Melody Greenwood

BSc, MPhil, CBiol, FIBiol, FIFST, MRCSHC

Director of Wessex Environmental Microbiology Services
Public Health Laboratory Service

Level B, South Laboratory Block

Southampton General Hospital

Southampton

SO16 6YD

UK

THIRD EDITION

/

Blackwell
Publishing



© 2003 by Blackwell Publishing Ltd

Blackwell Publishing Inc., 350 Main Street, Malden, Massachusetts 02148-5018,
USA

Blackwell Publishing Ltd, Osney Mead, Oxford OX2 OEL, UK

Blackwell Publishing Asia Pty Ltd, 550 Swanston Street, Carlton, Victoria 3053,
Australia

Blackwell Verlag GmbH, Kurfiirstendamm 57, 10707 Berlin, Germany

The right of the Authors to be identified as the Authors of this Work has been
asserted in accordance with the Copyright, Designs and Patents Act 1988.

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, except as permitted by
the UK Copyright, Designs and Patents Act 1988, without the prior permission
of the publisher.

First published by the Public Health Laboratory Service (as in-house manual)
1986

Second edition 1995

Third edition 2003 Blackwell Publishing Ltd

Library of Congress Cataloging-in-Publication Data

Practical food microbiology/
edited by Diane Roberts, Melody Greenwood.—3rd ed.
p. ; cm.
Includes bibliographical references and index.
ISBN 1-40510-075-3 (alk. paper)
1. Food—Microbiology.
[DNLM: 1. Food Microbiology. QW 85 P895 2002]
I. Roberts, Diane, Ph.D. II. Greenwood, Melody.
QR115.P73 2002
664.001'579—dc21
2002011930
ISBN 1-40510-075-3

A catalogue record for this title is available from the British Library

Setin 9/13 pt Stone Serif by SNP Best-set Typesetter Ltd., Hong Kong
Printed and bound in Bodmin, Cornwall by MPG Books

Commissioning Editor: Maria Kahn
Editorial Assistant: Elizabeth Callaghan
Production Editor: Fiona Pattison
Production Controller: Kate Wilson

For further information on Blackwell Publishing, visit our website:
www.blackwellpublishing.com



. Contents

Acknowledgements, vi

Introduction, vii

Section 1 Indications for sampling and interpretation of results, 1
Section 2 Legislation, codes of practice and microbiological criteria, 9
Section 3 Schedules for examination of food, 25

Section 4 Preparation of samples, 91

Section 5 Enumeration of microorganisms, 105

Section 6 Isolation and enrichment of microorganisms, 131
Section 7 Milk and dairy products, 193

Section 8 Eggsand egg products, 219

Section 9 Live bivalve molluscs and other shellfish, 229

Section 10 Confirmatory biochemical tests, 243

Appendix A Quick reference guide to the microbiological tests, 259

Appendix B Investigation and microbiological examination of samples
from suspected food poisoning incidents, 263

Appendix C UK reference facilities, PHLS EQA schemes and culture
collection, 279

Appendix D Bibliography, 283
Index, 285

Colour plate, facing page 150



vi

. Acknowledgements

The editors gratefully acknowledge assistance in the revision of this manual re-
ceived from colleagues both within the PHLS and elsewhere.

The section on legislation, previously prepared by Professor Richard Gilbert,
has been revised and expanded by Dr Christine Little of the PHLS Environmen-
tal Surveillance Unit at the Communicable Diseases Surveillance Centre,
Colindale. Chris has also given invaluable help in updating references to food
law, microbiological standards and guidelines throughout the entire manual.
The appendix on examination of food from suspected food poisoning incidents
has been revised and expanded by Professor Eric Bolton, currently Director of
the PHLS Food Safety Microbiology Laboratory, Colindale. Information relating
to canned foods and the examination of both the contents and the can structure
has been reviewed and updated by David Shorten of Crown Cork and Seal,
Wantage, Oxfordshire.

Section 9, dealing with the testing of shellfish, is new to this edition of the
manual. It has been prepared by Melody Greenwood with the support of Dr
David Lees, Rachel Rangdale and Dr Ron Lee from the Centre for the Environ-
ment, Fisheries and Aquaculture Science (CEFAS), Weymouth.

Revision of the remainder of the manual has been shared between the two
editors and they are grateful for the help and support of colleagues in their
respective laboratories, in particular Dr Caroline Willis at Wessex Environmen-
tal Microbiology Services, PHLS Southampton, for her help with producing
colour plates, and Medical [llustration Department, Southampton University
Hospitals NHS Trust.

The editors also wish to recognize the contributions of groups and indivi-
duals who were instrumental in producing earlier editions of the manual: The
members of the PHLS Food Methods Working Group*, chaired by Dr William
Hooper, who produced the 1986 laboratory benchbook version and the various
contributorsi who provided material for the 1995 edition published by the
PHLS.

The guidance and support from the PHLS Communications Unit is also
acknowledged, especially that of Kalpna Kotecha.

*PHLS Food Methods Working Group 1986: Dr WL Hooper, Mr GK Bailey, Dr RAE Barrell,
Mr C Barwis, Dr C Dulake, Mr §J Line, Dr JA Pinegar, Dr D Roberts, Miss JM Watkinson.

fContributors to the 1995 edition: Dr H Appleton, Dr P Burden, Dr DP Casemore,
Mr G Chance, Dr JV Dadswell, Dr T] Donovan, Mr ] Gibson, Dr RJ Gilbert, Ms MH
Greenwood, Dr WL Hooper, Dr SL Mawer, Dr D Roberts, Dr GM Tebbutt, Mrs JM Thirlwell.



Introduction

Eating habits in the western world today bear little resemblance to those of our
grandparents and those who lived in the earlier part of the twentieth century.
The science and technology of food production, processing and distribution has
developed dramatically. With the aid of more rapid transport, by land, sea and
air, an almost limitless range of food, in greater quantities than ever, from all
over the world, is available from retail outlets for home preparation or ‘eating
out’ at restaurants, fast food establishments and other food service premises.
Less and less food is prepared now from fresh, locally produced basicingredients
as described in the older cookery books. Even when a basic recipe is used many
of the ingredients will have been produced and processed in locations far from
the place of final preparation, service and consumption.

This advancement in food availability and range, while it has satisfied the
appetite of the consumer and introduced new tastes and eating experiences, has
also been a cause of some concerns. These relate to whether the food is a benefit
to the customer or whether it may be injurious to health. Consumers are con-
cerned about both the nutritional composition of foods and the use of new
ingredients and additives, new processes, and methods of packaging and storage
that may result in a proliferation of microorganisms. The latter part of the twen-
tieth century has seen an increase in the number of reports of food-borneillness,
in the UK and other countries, that have been regarded by many as totally unac-
ceptable. Vast quantities of food are consumed every day and the risk of illness or
other adverse effects from contamination or inappropriate processing may be
relatively small; even so, governments, such as that in the UK, have been forced
to take action to improve food safety. In 2000 an independent food safety watch-
dog, the Food Standards Agency, was set up in the UK to protect the public’s
health and consumer interests in relation to food. The Agency has a number of
targets which include: reduction of food-borne illness by 20% by improving
food safety throughout the food chain; helping people to eat more healthily;
making labelling more honest and informative; promoting best practice within
the food industry; improving the enforcement of food law and earning people’s
trust by what they do and how they do it. Readers are directed to the Agency’s
website (see Appendix D) for further details on how they are proceeding. Sub-
sequently a European Food Standards Agency has also been established.

For more than half a century the Public Health Laboratory Service (PHLS) has
provided both microbiological advice and scientific expertise in the examina-
tion of food and water and the environment of their production. This service has
been provided primarily for those who enforce the food law, the local and port
health authorities and their environmental health departments and officers.
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The scope of the laboratory work falls into a number of categories. An important
element for the safeguarding of public health is the investigation of food that is
a cause of complaint from a consumer, or in consequence of human illness
attributed to the consumption of suspect food. Another public health function
istheroutine monitoring of food offered for sale as an independent check on the
safety of food marketed within the territories of port health and local authori-
ties. Routine monitoring or surveillance has in recent years received increasing
attention because of the heightened awareness of the potential problems associ-
ated with food by the general public and official government bodies. Such rou-
tine testing increasingly incorporates planned surveillance of specific products
deemed to present a potential risk or about which there is little documented in-
formation available. This surveillance can be initiated at a number of levels
from the European Union (EU) through government departments or agencies,
through local environmental health liaison groups to the PHLS as a whole or to
a group of laboratories. The information gained from such planned surveillance
isinvaluable in the formulation of guidance to food producers and food law en-
forcers. The experience of the PHLS network of laboratories in providing a food,
water and environmental service in England and Wales is not only wide ranging
over almost every conceivable type of food, but also provides a foundation for
the development and use of methodology appropriate to the needs of those
charged with the promotion of health and protection from health risks associ-
ated with food.

The purpose of this manual is to assist those who are called upon to examine
food or who seek to assess the findings of a microbiological examination of food.
The majority of the methods described are used extensively in the PHLS, are
published as PHLS standard operating procedures (SOPs) and form the basis of
the methodology documented for accreditation of laboratories by the United
Kingdom Accreditation Service (UKAS). Most methods are based on the corre-
sponding standard methods produced by ISO/CEN/BSI. Laboratories are there-
fore examining food in a standard manner that is of value when the results
are assessed in the context of risk to the consumer. This standard approach is
also of importance in relation to the European single market. Official Control
laboratories (those that examine food for the purposes of enforcing the
food law) must be accredited, use standard methods and must also challenge
their procedures by participation in a proficiency testing or external quality
assessment scheme.

It is emphasized that the paramount objective in undertaking a food exami-
nation is to ensure that what the consumer eats is safe, or as safe as can be ex-
pected in the condition in which itis presented. The methods in this manual are
appropriate for foods at point of consumption and it may be perceived that there
is a bias towards the detection of pathogenic organisms or potential pathogens
with lesser attention being given to the natural flora of the food material. Prob-
lems do arise from such microbial spoilage, but it rarely causes human illness.
Visual inspection and observation of smell and taste will, in many instances,
cause rejection of a food without recourse to microbiological examination.
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The microbiological examination of food undertaken by food processors or
manufacturersis usually performed for areason entirely different to that of alab-
oratory that has a regulatory function. Food suppliers need to know that their
products meet a specification that will ensure that the food will still be accept-
able at the end of the expected shelf-life. The criteria used to assess food at pro-
duction premises are more rigorous than those used to assess a ready-to-eat food
at the point of sale. Apart from food that has received a sterilizing process in a
sealed container, all other food undergoes microbial change over time. Such
change is due to the normal ecology of living organisms that multiply, produce
potentially toxic by-products and die at a rate that will depend on the en-
vironment. Temperature, water activity (a,), pH, availability of oxygen and of
nutrients, and effects of different food ingredients or additives all determine the
changes that occur in a food at any point in time. In the past, the approaches
adopted by the quality controller in a food factory and the public health micro-
biologist investigating food in a possible food-borne incident were thought to
havelittle bearing on each other. However, these spheres of activity have moved
much closer together. Quality control is increasingly being required to demon-
strate freedom from harmful organisms while the public health or clinical labo-
ratory needs to be able to assess the whole range of microbial activity in a food in
order to determine whether a pathogen can compete with and outgrow the nat-
ural flora.

Prepared cooked, chilled or frozen food is produced in such large quantities
and is so widely distributed that the economic loss to the food industry in the
event of amajor food poisoning outbreak would be enormous. There would also
be additional costs to the nation in lost working days and, in serious cases, medi-
cal care. Some legislation, such as the community controls imposed at EU level
which have to be implemented into the domestic food law of member states,
and also domestic legislation such as the UK Food Safety Act 1990, are designed
to take into account international attitudes to food control. Early vertical EC
Directives that are product-specific have included microbiological criteria that
relate to the point of production. More recently there has been a move towards
risk assessment and application of hazard analysis critical control point
(HACCP) procedures, whereby the process is controlled by monitoring of spe-
cific critical processing points. Thus microbiological monitoring of the product
is only required for verification purposes. Microbiological criteria suitable for
products in international trade fall somewhere between those applicable at
point of production and those applicable at the end of shelf-life. In order to give
guidance on the interpretation of the results of examination of foods at point of
sale, the PHLS has produced guidelines for ready-to-eat foods using the data ac-
cumulated from many years of routine monitoring and surveillance studies of
such foods (see Section 2).

The aim of this manual is to act as a reference for the selection of suitable
test methods for a number of types of food. The methods chosen can be
performed in most food laboratories with readily available materials and
equipment.

Introduction
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For further information thereader isreferred to the bibliography in Appendix
D, and for guidelines to the appendix to Section 2.

The structure of this manual

This manual is structured to take the reader through the various steps in the
microbiological examination of food. It begins by outlining why there is a need
for such examination and the legislation, both from the EU and within the UK,
which relates to the various food products (Sections 1 and 2). Section 3 discusses
individual foods and the problems with which they are associated, then lists the
tests relevant to their examination and the microbiological criteria available for
particular food products.

Sections 4 to 6 give details on methods of sampling of foods and laboratory
tests for enumeration, enrichment and isolation of food-borne microorganisms
with particular mention of quality control and calculation of results. The micro-
biological methods relating to dairy products, eggs and shellfish are dealt with
separately in Sections 7, 8 and 9 respectively. Legislation for dairy products lays
down detailed methods for examination that are generally specific for that
group of foods, thus a single section has been devoted to those methods. Simi-
larly, the methods given in Section 8 for the examination of eggs, in-shell and
bulk, are product-specific and differ in some respects from the general methods
described in earlier sections. Section 9 is devoted to the examination of mollus-
can shellfish and includes details of sample preparation in addition to specific
methods of examination. The more common biochemical tests necessary in the
steps towards confirming the identity of organisms isolated from food are
described in Section 10.

Supplementary information such as safety notes, procedural hints and
worked examples, is included at various points in the methods in Sections 4-10.
This information is highlighted in the text with boxes.

There are four appendices, A to D. Appendix Aisaquickreference guide to the
microbiological tests. The table provides a summary of the information provid-
ed in Sections 3, 7, 8 and 9, concerning the laboratory tests for specific foods. It
serves as a rapid guide to the appropriate food heading and the type of test that
should be considered. Once the food heading and range of tests have been iden-
tified then reference can be made to the more detailed information available
elsewhere in this manual. In Section 3, which deals with schedules for the
examination of foods, the tests have been divided into three groups: statutory,
recommended and supplementary. These groups are identified in the quick ref-
erence guide by symbols for ease of recognition.

Appendix B discusses the steps to be taken in the examination of food from
suspected food poisoning incidents with a brief summary of features of the most
common agents. Appendix C lists UK reference facilities and PHLS EQA
schemes, while Appendix D lists a number of useful texts on food microbiology
and food safety and the website addresses of a number of organizations and
agencies that can provide helpful information.

Introduction



Indications for sampling and
interpretation of results

1.1 Risk assessment and hazard analysis
1.2 Indications for sampling

1.3 Choice of method

1.4 Interpretation of results

1.5 Thelaboratory report

1.6 Criteria

m Risk assessment and hazard analysis

Almost all international food trade legislation is focused on assessing and man-
agingrisks from food. Itis now a legal obligation in the European Union (EU) for
food processors to identify any steps in their activities that are critical in ensur-
ing food safety and to ensure that adequate safety procedures are implemented,
maintained and reviewed [1]. The risk assessment of the food production
process should identify and characterize the hazards in the process, assess the
exposure and characterize the risks [2]. Hazard analysis critical control point
(HACCP) principles should then be used to identify the critical control points
to control the risks in order to form the basis of product safety management
systems (Section 2). Sampling for microbiological testing is an important part of
the risk assessment as it can be used to monitor the efficacy of the control sys-
tems but end product testing cannot be relied upon as a means of assuring food
safety.

m Indications for sampling

Foods are sampled principally for the following reasons:

e Checks on hygienic production and handling techniques.

e Quality control and shelf-life performance.

e Suspicion of being the cause of food poisoning or as a result of consumer
complaint.

e Verification of the quality of imported food.

Most quality control testing will be done by, or at the request of, the manu-
facturer whose interest is to demonstrate to the wholesaler, retailer or customer
a quality product and, if possible, the product’s superiority over competitors’
products. With increasing need to label foods with a ‘use-by’ date, the setting of
criteria to be satisfied throughout the declared shelf-life has become common-
place. Sampling for quality control purposes can be predetermined and struc-
tured in such a way that minor variations within batches of single products can

Indications for sampling and interpretation of results



be detected quickly so that modification can be made before any noticeable
change occurs that might alter consumer preference. In large manufacturing
premises this might entail sampling at the beginning and end of a production
run and at other times such as at the time of despatch from the factory and at the
end of shelf-life under simulated retail conditions. Other food producers may
adopt intermittent spot checks, while small producers are more likely to rely on
process control without microbiological tests.

Independent checks on the hygienic production of a product and examina-
tion for evidence of poor storage and handling technique as part of the overall
assessment of food placed on retail sale are desirable for further quality assur-
ance and to help assure consumer safety. For these purposes, sampling needs
to be targeted quite specifically if any useful data are to be collected. Organized
surveys over limited time periods involving one specific product or type of
product from certain types of shop or catering establishment and the use of a
standard technique for examination will produce data that can be compared
with those obtained in a similar manner elsewhere and on other occasions.
Uniformity of approach is essential or wrong conclusions can be drawn. For ex-
ample, results expressed as ‘present’ or ‘absent’ are of no value unless the quan-
tity of food examined is stated. Numerical counts of colony forming units may
vary quite considerably unless the dilution method, culture media and temper-
ature of incubation employed on each occasion are the same. Checks on product
hygiene and consumer acceptability can only properly be assessed with full
possession of the product history. Food taken from shop display after in-house
slicing and weighing may not be the same as that sampled whole and, within
limits, the wider the range of organisms sought and quantified the better a food
examiner can form an opinion about the food. Criteria used to assess a product
at the end of shelf-life are often assumed to be applicable to the food ‘as eaten’,
but storage conditions between purchase and consumption may also affect test
results.

Sampling in cases of suspected food poisoning will be directed specifically at
the food consumed by the complainant. Every effort should be made to sample
the remains of the suspect food even if this means its retrieval from the refuse
bin. Other food from the same meal, even if it is not the suspect ingredient, will
be of next greatest value followed by other batches of food obtainable from the
same catering establishment or supplier. If the causal food poisoning organism
isknown, examination can belimited to a search for that organism, thereby con-
serving laboratory resources. Further guidance is given in Appendix B.

Examination of food imported into the EU is performed to ensure that the
food is of equivalent quality to food produced within the Union. When possible
this is judged against criteria contained in EU legislation. In some instances,
when a problem is identified in certain areas of the world, a commission deci-
sion will direct the examination of specific food items from those areas and the
parameters to be tested.

In designing a sampling plan it is most important that all who are concerned
with the collection and submission of the samples, the laboratory staff and
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those who will be involved in interpretation of results, are consulted at an early

stage. The objectives need to be clearly defined and understood to avoid wasted

time and effort. There are limitations with all microbiological tests and these

have to be taken into consideration before any action can be taken following a

report from the laboratory. Many investigations involving pathogenic organ-

isms will be concerned primarily with presence or absence of the organism in a

defined amount of sample. This represents a ‘two-class’ plan, where in a given

number of samples, 1, a certain number will show the unacceptable presence of
the test organism.

With some examinations for pathogenic organisms, and particularly in qual-
ity assessment studies where results are expressed in terms of colony counts, it is
more usual to allow some latitude in results that marginally exceed the desired
maximum count denoting satisfactory or acceptable limits and/or quality. In
these instances it is appropriate to designate a permitted range that depends on
the type of food and the situation. A full explanation of the principles and spe-
cific applications of sampling for microbiological analysis may be found in the
publication of the International Commission on Microbiological Specifications
for Foods (ICMSF) [3]. The sampling plan and tests may be selected as appropri-
ate to the particular case or according to the circumstances related to the nature
and treatment of the food that influence the potential hazards with which it is
associated.

Where a rigid ‘two-class’ plan is not essential, use can be made of a ‘three-
class’ plan that accepts a proportion of sample units whose test results fall
between unequivocal acceptability and rejection. In devising a plan for a par-
ticular food it is necessary to set values for n, m, M and c where:

e nisthe number of sample units comprising the sample;

e m is the threshold value for the number of bacteria; the result is considered
satisfactory if the number of bacteria in all sample units does not exceed this
value;

e M is the maximum value for the number of bacteria; the result is considered
unsatisfactory if the number of bacteriain one or more sample unitsis equal to
or greater than this value;

e cis the number of sample units where the bacterial count may be between m
and M.

e Thesampleis considered acceptable if the bacterial counts of the other sample
units are equal to or less than the value of m. For practical purposes, n is fre-
quently given a value of five, and c a value of one or two.

Although there are some European Community (EC) directives that specify
both standard and guideline criteria for certain foods, European legislation is
now mainly focused on good manufacturing practice and the need for busi-
nesses to adopt HACCP principles to help ensure safe food production. Empha-
sis should be placed on the education of those who handle food as good hygiene
is a prerequisite for safe food. The quality of basic food materials and scrupulous
attention to hygiene and working practices are far more important than bacteri-
ological checks on the processed food. Structured sampling for data collection

Indications for sampling and interpretation of results



in support of HACCP systems is, however, a valuable tool when used in an
informed manner.

m Choice of method

Ideally, if microbiological criteria are included in food legislation or in a specifi-
cation then the methods to be used for testing should be identified. The choice
of method should be given careful consideration. Many of the organisms pres-
entin a food will be in a stressed condition as a result of the physical and chemi-
cal processes used in the production of that food. Freezing, drying, salting,
pickling, sublethal heat treatment and extended chilling will all affect the
recovery of target organisms. If the stressed organisms are then subjected to a
harsh isolation protocol their recovery will be impaired and a falsely low result
obtained. Some isolation methods take this into account and incorporate a
resuscitation stage into the procedure. This is particularly important when
attempting to recover pathogens such as Salmonella.

Preparation of the sample for examination should take into account the char-
acteristics of the food product. If it is highly salted the concentration of the salt
in the sample homogenate should be reduced to 2% or less to remove any inhi-
bitory properties of the salt. Similarly if the productis highly acid or alkaline the
pH of the homogenate may require adjustment to near neutrality to optimize re-
covery. Rehydration of dried products should be gradual to prevention the in-
troduction of osmotic shock. These and other procedures can help maximize
recovery of the target organisms from all foods examined.

Traditionally microorganisms in foods are enumerated by pour plate proce-
dures, and these methods frequently form the basis of international standards.
However these may not be ideal for recovery of stressed cells. If foods have been
frozen or subjected to extensive chilling the temperature of the molten agar
(c. 45°C) may result in further stress to the contaminating organisms. Many of
the target organisms in foods either prefer or require aerobic conditions for
growth. Therestriction of oxygen in the depths of the agarin a plate may impede
or prevent their growth. In the UK surface colony count methods are generally
preferred for enumeration as they do not have these drawbacks and in addition
have the convenience of being able to use pre-poured plates. However, surface
methods of enumeration restrict the size of the inoculum and this may affect the
limit of detection.

For certain organisms such as Salmonella that cause gastroenteritis their very
presence in a food is significant. In addition, the levels present may be very low.
In these cases it is necessary to use presence/absence procedures rather than
relying on enumeration techniques for detection. Presence/absence proce-
dures allow the examination of larger portions of sample, typically 25g, by use
of liquid enrichment procedures in nutrient and selective media formulated to
optimize the recovery of the target organism in the presence of other naturally
occurring food microflora.

It should be clear from the above that the method used for each target organ-
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ism soughtin afood should be tailored to maximize the likelihood of recovery of
that organism. In this way the microbiologist can have confidence that if the
target organism is not detected it is likely to be a true result.

m Interpretation of results

The interpretation of results in food microbiology is perhaps the most difficult
and complex aspect of the examination process. Not only is it often impossible
to make a definitive judgement owing to absence of supporting information but
the precision and reproducibility of many microbiological tests may vary.
Microorganisms in non-sterile food are in a dynamic environment in which
multiplication and death of different species at differing rates means that the
result of a test can only be valid for a single point in time. Colony counts
alone can be misleading if bacterial growth has ceased whereas toxins already
produced will persist. Staphylococcal enterotoxin survives the drying process
in the manufacture of powdered milk and has caused confusion when reliance
has been placed on culture results alone. It is sometimes not appreciated that
homogeneity is rare in food and so the results obtained for one portion can be
very different from those for another even if the samples have been taken in
close proximity within the same batch. A variation in the viable counts of organ-
isms will be apparent even in fluid foods such as soups and gravies if not homo-
genized in the laboratory before the test sample is taken. However, aerobic
colony counts alone can be extremely valuable in the food manufacturing
industry as the technique is straightforward and acceptance or rejection deci-
sions can be made on variance from the norm for any one product when
sampled regularly at the same point under the same conditions.

Inregulatory control or hazard monitoring, colony counts obtained through
random sampling can only form a small part of the overall assessment of the
product. The number of pathogenic or potentially pathogenic organisms in a
sample has a far greater significance but results depend on the food and the time
at which it was sampled. Food that is sterilized in a can will remain sterile until
the can is opened. Environmental contaminants may then be introduced and
their numbers will vary according to the storage conditions, temperature and
degree of handling both before the point of sale and after. Interpretation there-
fore requires cognizance both of the observed results and of the history of the
food up toitsreceipt at the laboratory. Laboratory results alone make interpreta-
tion difficult unless the presence of an obligate pathogen such as Salmonella spp.
has been demonstrated.

It is likely that the results of tests involving a search for indicator organisms
such as members of the Enterobacteriaceae will only allow an informed judge-
ment to be made, for example, about the adequacy of heat treatment or the level
of post-processing contamination that has taken place. The presence of faecal
organisms such as Escherichia colimeans that either they have always been in the
product or they have been acquired at a later stage during processing, handling
or storage. Their presence indicates the need for further investigation. Their
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absence gives some degree of assurance but cannot guarantee the absence of
pathogens of faecal origin such as Salmonella. Even absence of target pathogens
in tests specific for them only provides a degree of probability of absence in the
whole batch of food (see ICMSF [3]). Itis therefore essential that a food producer
does not rely on end product testing alone but uses it in conjunction with good
manufacturing practice and sound HACCP procedures.

Often the simplest approach is to proceed initially with definitive tests for
specific pathogens. It is known that Salmonella infection is the commonest haz-
ard in food of animal origin. It will certainly not be possible to subject a whole
batch of the food to examination for this organism. A degree of assurance is only
obtained when tests on uniform quantities of representative samples of the food
by standard methods prove negative.

m The laboratory report

The value of a laboratory report can, at best, only match the quality of the
sample and the accompanying information. Comparisons can only be made
between reports from different laboratories or on different occasions if the
reporting methods are standardized. A standardized report form assists in this
respect. The report should include a description of the food itself and observa-
tions on the physical condition of the sample. The results of general and indica-
tor tests and those concerning specific organisms should relate to a specified
mass or volume of the food. For the majority of quantitative testsitis convenient
to relate the presence or absence of the organism sought to 1g or 1mL of test
sample even if the actual quantity examined is different. Knowledge of the pre-
cise quantity of test sample is essential for calculating colony counts.

When interpretation of a laboratory report is required for referee purposes,
such as in a court of law, it is vital that the documentation provides an uninter-
rupted record of the progress of the sample through the laboratory. The qualifi-
cations, status and role of recognized food examiners in the UK have now been
established [4]. In order to ensure the continuity of evidence, the following
documents and information should be available:

e The date, time and place of sampling recorded by the sampling officer.

e Verification of the custody of the sample during transit to the laboratory and
the conditions of storage during transport.

e Signatures that acknowledge transfer of the sample to a member of the
laboratory staff.

e Records of conditions of storage in the laboratory.

e Records of the members of staff performing all the stages of testing and the
conditions prevailing during the tests.

e Records of all results obtained and how they were derived.

e The certificate of examination issued by the food examiner based on this
accurate laboratory documentation.
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m Criteria

Before a sampling programme is embarked upon the criteria to be adopted in the
interpretation of the results need to be agreed between the parties concerned.
This avoids a great deal of useless investigation and wasted financial outlay. For
these reasons itisnot possible to give criteria that are applicable in all situations.
Each investigation needs its own assessment by qualified and experienced per-
sonnel. The interpretation of statutory tests with ‘pass’ or ‘fail’ end point criteria
has to be undertaken with care since microorganisms are living entities that
cannot be assessed in finite terms in the way that chemical analysis allows.

In 1992 the Public Health Laboratory Service (PHLS) published guidelines
for microbiological acceptability of some ready-to-eat foods [5]. This was in
response to requests from Environmental Health Officers, consumer organ-
izations and government agencies for help in the furtherance of improving
knowledge about the safety of food. Apart from setting proscriptive limits for
certain pathogens, the guidelines recommend ranges of bacterial colony counts
for a number of different types of food which allow the division of results into
four different levels of quality. These range from ‘satisfactory’ quality to ‘unac-
ceptable, potentially hazardous’ quality. The guidelines have no formal status
and refer only to ‘ready-to-eat’ food sampled at point of sale, but they do reflect
the opinions of experienced workers with access to a wealth of published and
unpublished data collected over half a century by the PHLS. These guidelines
have been updated and expanded twice since 1992 on the basis of comments re-
ceived from microbiologists and Environmental Health Officers and accumula-
tion of further data derived from routine samples and targeted, structured
surveys. Modification and extension of their scope is made periodically in re-
sponse to any suggestions or criticism. The PHLS guidelines current at the time
of publication of this manual are summarized in Section 2.

The Institute of Food Science and Technology has also published microbio-
logical criteria [6] that are applicable to a wide range of foods. These criteria
adopt a two-tier approach, the levels expected as a result of good manufacturing
practice and the maximum levels that are acceptable at any point in the shelf-
life of a food.

In food microbiology there is no rule of thumb that provides an interpreta-
tion in all circumstances. Each food must be considered individually taking into
account all the relevant factors including the ingredients, process, type of pack-
aging, conditions of storage and the likely remaining shelf-life.

IWA References

1 European Commission. Council Directive 93/43/EEC on the hygiene of foodstuffs.
Off] Eur Communities 1993; L175: 1-11.

2 Mitchell RT. Practical Microbiological Risk Analysis. Oxford: Chandos Publishing Ltd,
2000.

Indications for sampling and interpretation of results
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Qualifications) Regulations 1990. London: HMSO, 1990.

5 GilbertR]. Provisional microbiological guidelines for some ready-to-eat foods sampled
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2.7 Appendix: UK sources of microbiological guidelines

m UK legislation: the Food Safety Act 1990

The Food Safety Act, the main provisions of which came into effect on 1 January
1991, provides the basic framework for all food legislation throughout the UK.
Its primary aim is to strengthen and update the previous food legislation to
achieve the highest possible standards of food safety and consumer protection
throughout the food chain. The main feature of the Act is the number of en-
abling powers that it contains. This allows ministers to make further regulations
to implement food safety measures and to produce codes of practice to bring
about more consistent standards of enforcement. Food is broadly defined under
the Act to include virtually anything that is eaten, drunk or sold as a food prod-
uct; the definition also includes water, which was not covered under previous
food legislation.
There were a number of reasons why a new Food Safety Act was required [1]:

e Existing legislation, which had been consolidated in the Food Act 1984, but
not fully revised since 1938, had not kept pace with the rapid advances in food
technology, and changes in eating habits and shopping patterns.

e There were gaps in the existing legislation.

e The major changes of approach to food law brought about by the European
Community (EC) harmonization programme required a change in the UK
food law to make the implementation of EC legislation easier.

e The considerable concern in the late 1980s within the government and the
general public about the increasing incidence of food-borne infection,
particularly associated with Campylobacter spp., Salmonella spp. (especially
S. Enteritidis phage type 4) and Listeria monocytogenes.

Some features of the Act in relation to food microbiology are as follows.

Legislation, codes of practice and microbiological criteria 9



Section 8 Selling food not complying with food
safety requirements

Paragraph (2)

This key provision of the Act makes it an offence to sell food that does not

comply with food safety requirements. Food fails to comply if:

e it hasbeen rendered injurious to health;

e itisunfit for human consumption; or

e it is so contaminated, whether by extraneous matter or otherwise, that it
would not be reasonable to expect it to be used for human consumption in
that state. This would, for example, include food being affected by mould that
does not necessarily make it injurious or unfit.

The element of ‘contamination’ was not included in previous legislation,
under which possession of contaminated food was not an offence unless it was
sold to the purchaser’s prejudice; that is, the food was not of the nature, sub-
stance and quality demanded. Contamination therefore will permit prosecu-
tions to be brought solely on the results of the microbiological examination or
chemical analysis of food.

Paragraph (3)

Under previous legislation it was difficult to deal with a batch of food that was
believed to be unfit. Under the present Act if any part of a batch of food fails to
comply with food safety requirements, then the whole batch will be presumed
not to comply until the contrary is proved. This power mirrors the policy of rep-
utable manufacturers to withdraw an entire consignment if some products are
found to be contaminated.

Section 9(2 & 4) Detention of suspect food

The powers to inspect and seize food are largely the same as under previous leg-
islation except that authorized officers may detain food for 21 days to allow mi-
crobiological examination or chemical analysis to be performed to establish
whether it complies with food safety requirements. These powers also apply to
food that is thought ‘likely to cause food poisoning or any disease communi-
cable to humans’.

Section 13 Emergency control orders

This section provides ministers with the power to issue emergency control or-
ders to prohibit the sale of food where there is an imminent risk of injury to
health. This power will be used where voluntary procedures, following the issue
of food hazard warnings, are unlikely to be effective, for example the sale of a
widely distributed contaminated canned food.
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Section 16(1b) Provision for microbiological standards

Provision may be made by regulations for securing that food is fit for human
consumption and meets such microbiological standards (whether going to the
fitness of food or otherwise) as may be specified by or under the regulations. This
allows for the introduction of mandatory microbiological standards for speci-
fied foods.

Section 17(1) Enforcement of Community provisions

This section provides ministers the power, by regulations, to make such provi-
sion with respect to food, food sources or contact materials as appears to them to
be called for by any EC obligation. This will permit the enforcement of any
Community provisions for microbiological standards for foods.

Section 28(2) Food examiners

The Act recognizes the role of the food examiner to perform the new statutory
function of microbiological examination of food. In this task the role of the food
examiner will correspond to that of the public analyst who has a long-standing
remit to carry out statutory analysis (chemical) of food samples. Food examiners
therefore are the individuals to whom an enforcement officer is required to sub-
mit any sample taken for enforcement purposes (i.e. where it may be introduced
as evidence in any court proceedings under the Act) if the officer considers the
sample should undergo microbiological examination. The purpose of this legis-
lation is to ensure that the microbiological examination of food is carried out to
a high standard and (by specifying their necessary qualifications) to ensure that
the competence of food examiners when asked to give an expert view during
legal proceedings against a food producer/retailer is not open to question.

Qualifications for food examiners are prescribed in the Food Safety (Sampling
and Qualifications) Regulations 1990, which came into force on 1 January 1991.
There is no single qualification to denote the requisite academic attainment and
practical experience of a food examiner, and the regulations allow a wide range
of academic or professional qualification in conjunction with 3 years relevant
experience. An important element of the Regulations is the provision of certifi-
cates by examiners relating to the microbiological results of examination of
samples submitted to them. Food examiners are expected to provide written
opinion and observation, if deemed appropriate, on the safety and quality of
food samples submitted to their laboratories for examination under the Regula-
tions. The certificates are legal documents and can be used as evidence in legal
proceedings.

Legislation, codes of practice and microbiological criteria
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Section 40 Codes of practice

Ministers may issue codes of practice to guide food authorities on the execution
and enforcement of the Act and subsequent legislation made under it. The
objective of issuing codes of practice is to ensure more even and consistent stan-
dards of enforcement across the UK. These documents are not legally binding
butfood authorities will be required to have regard to the guidance contained in
them. However, ministers will be able to issue directions requiring food author-
ities to take specific action in order to conform with a code of practice and these
directions will be enforceable through the courts.

Twenty codes of practice have been issued to date, some of which have been
or are being updated and amended [2]. Code of Practice No. 7 (Sampling for
Analysis or Examination) is of particular importance to food examiners as it
gives guidance to enforcement officers for taking samples, and should help to
ensure that adequate and appropriate samples are submitted for examination.
Code of Practice No. 7 has recently been revised to take account of experience
gained in practice.

m European Community legislation

Food hygiene and food safety legislation can no longer be viewed in an exclu-
sively national context, it is an EC-wide issue. The EC has been involved in food
legislation since 1964. The pace of its development and implementation accel-
erated in the period to the end of 1992 prior to the completion of the single
European market. However, EC food law in the run-up to the establishment of
the single marketin 1992 was still essentially concentrated on questions of trade
and free movement of goods. Following the bovine spongiform encephalopa-
thy (BSE) crisis the European Parliament reformed the Commission’s structures
for preparing food legislation and published a Green Paper on Food Law
(COM(97)176) in May 1997. Its main thrust is ensuring the protection of con-
sumers and public health and the free circulation of goods within the Single
Market. The Green Paper identified six principles of EC food policy; proposed
the general application of hazard analysis critical control point (HACCP) princi-
ples to all products; put forward the proposal that primary agricultural products
should be included within the Product Liability Directive (85/374/EEC); and en-
sured that all EC laws are compatible with the new international obligations of
the European Union under the World Trade Organization (WTO) Sanitary and
Phytosanitary and Technical Barriers to Trade Agreements. By the end of 1997,
food law issues had become such a priority that heads of government and states
at their twice-yearly European Summits agreed to a Declaration on Food Safety
at Luxembourg on 12-13 December 1997 [3]. In 1999, Directive 99/34/EC
amended the Product Liability Directive (85/374/EEC) in that primary agricul-
tural products are no longer exempt so as to restore consumer confidence in the
safety of such products.
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On 12 January 2000 the European Commission adopted a White Paper on
Food Safety [4]. The Commission stated in this document that the most appro-
priate response to guarantee the highest EC food safety standards is the estab-
lishment of an independent European Food Authority. The White Paper also
includes a comprehensive range of over 80 areas where European food law needs
tobe amended and improved. The new legal frame-work will cover animal feed,
animal health and welfare, hygiene, contaminants and residues, novel food, ad-
ditives, flavourings, packaging and irradiation. In November 2000 the European
Commission put forward a proposal for a Regulation laying down the general
principles of food law and establishing the European Food Authority. The Euro-
pean Parliament (EP) approved the creation of an independent European Food
Safety Authority (EFSA) in a final agreement on 11 December 2001 so that the
EFSA can start operating in the first half of 2002. ‘Safety’ has been added to the
title of the new body through an amendment adopted by the EP. On 21 January
2001, the EFSA became a reality when the Council of Ministers adopted the key
legislation that provides the legal basis for establishing the EFSA and general
principles and requirements for EU food law (Regulation 2002/178/EC) [5]. The
General Food Law Regulation 2002/178/EC embodies the responsibilities and
obligations to be placed upon all operators in the food chain from farmers to
retailers.

The EFSA will have a broad mandate, including a wide range of scientific and
technical support tasks on all matters having a direct or indirect impact on food
safety. The EFSA’s mission therefore includes the provision of scientific opinions
on all issues in relation to animal health and welfare, plant health and geneti-
cally modified organisms, without prejudice to the competence conferred to the
Agency for the Evaluation for Medicinal Products (EMEA). The EFSA will also
have a major task in informing the public about its activities.

Types of EC legislation

The three types of legislation within the EC are [6]:

e Regulation. A legal act which has general applications and is binding in its
entirety and directly applicable to the citizens, courts and governments of all
Member States. Regulations do not therefore have to be transferred into
domestic laws and are chiefly designed to ensure uniformity of law across
the Community.

e Directive. A binding law directed to one or more Member States. The law
states objectives that the Member State(s) are required to confirm within a
specified time. A directive has to be implemented by Member States by
amendment of their domestic laws to comply with the stated objectives; in
the UK this is being done in the form of new statutory instruments under the
Food Safety Act. This process is known as ‘approximation of laws’ or ‘harmo-
nization’ since it involves the alignment of domestic policy throughout the
Community.

Legislation, codes of practice and microbiological criteria
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e Decision. An act which is directed at specific individuals, companies or
Member States which is binding in its entirety. Decisions addressed to
Member States are directly applicable in the same way as directives.

The 1985 European Commission White Paper ‘Completing the Internal
Market’ catalogued the measures necessary to allow for the free movement of
goods (including foods, services, capital and labour) which would lead to the
removal of all physical, technical and fiscal barriers between Member States.
Since 1 January 1993, food has moved freely within the EC with the minimum
of inspection at land or sea frontiers. Harmonized rules have been adopted, ap-
plicable to all food produced in the EC, underpinned by the principle of mutual
recognition of national standards and regulations for matters that do not re-
quire EClegislation [7]. Specific directives are in place for minced meat and meat
preparations, live bivalve molluscs, fishery products, milk and milk products,
and egg products and for the hygiene of foodstuffs. Foods entering the EC from
countries outside (third countries) will be subject to EC hygiene standards. Prod-
ucts of animal origin will undergo a rigorous inspection on entering the EC.

m Hazard analysis

There is growing acceptance throughout the EU and in many other countries of
the value of HACCP principles in ensuring the microbiological safety of foods.
The HACCP approach [8] is a systematic way of analysing the potential hazards
of a food operation, identifying the points in the operation where the hazards
may occur, and where controls over those that are important to consumer safety
can be achieved. Most of the product-specific EC directives as well as the Direc-
tive on the Hygiene of Foodstuffs (93/43/EEC), place obligations on industry
and food business operators to adopt HACCP principles as the basis for their
product safety management systems. The advantages of the HACCP approach
over a food safety control system based purely on microbiological standards is
now widely recognized. Thus, the Commission proposes to consolidate and
simplify existing EC food hygiene legislation [4,9]. These are expected to be
implemented by 2004. The proposed consolidation adopts a unified approach
to hygiene and extends the general hygiene rulesand HACCP principles to cover
hygiene throughout the food chain, including primary production, i.e. the
‘farm-to-fork’ approach to managing food safety. Responsibility of food safety
will be unambiguously placed onto food producers. A fully documented HACCP
plan will be required of all food producers, including caterers, regardless of size.
This will include a specific monitoring programme, thereby reinforcing the
own-check principle of food producers. An absolute requirement for full trace-
ability of all foods and ingredients used in food production is also introduced,
such thatall food producers must keep adequate records to allow full traceability
throughout the products’ allotted shelf-life.
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m Laboratory accreditation

The mutual recognition of microbiological results obtained by different control
bodies is an essential precondition to unrestricted trade in food between the
Member States. Since 1 November 1998, under the terms of the Official Control
of Foodstuffs Directive (89/397/EEC) and the Additional Measures Food Control
Directive (93/99/EC), only Official Food Control Laboratories are allowed to
examine Official Control Samples. These laboratories are accredited by their
national accreditation organization according to the Euronorm (EN 45001) se-
ries of standards. The directives also require that such laboratories participate in
a proficiency testing scheme. In the UK this means accreditation by the United
Kingdom Accreditation Service (UKAS), and participation in a food micro-
biology quality assessment (proficiency testing) scheme, such as that intro-
duced by the Public Health Laboratory Service (PHLS) in September 1991 [10].
Since this legislation was adopted the standard to which laboratories must be
accredited has been changed to ISO/IEC 17025 [11].

m Microbiological criteria

Several international organizations are concerned with the establishment and
application of microbiological criteria for foods; these include the EU, the World
Health Organization (WHO), the International Commission on Microbiologi-
cal Specifications for Foods (ICMSF) and the Codex Alimentarius Commission.
The purpose of establishing these criteria is to protect the health of the con-
sumer by providing safe, sound and wholesome products, and to meet the
requirements of fair practices in trade. The mere existence of criteria cannot
protect consumer health per se; of equal, or greater, importance is the use of good
manufacturing practice to ensure that undesirable organisms are eliminated as
far as is practicable. Microbiological criteria can be divided under the headings:

e Microbiological standards. Mandatory criteria that are included in legis-
lation or regulations; failure to comply with these can result in prosecution.

e Microbiological specifications. Generally contractual agreements be-
tween a manufacturer and a purchaser to check that foods are of the required
quality.

* Microbiological guidelines. Non-mandatory criteria usually intended to
guide the manufacturer and help to ensure good hygienic practice.

Ideally, any microbiological criterion for a food should include the following
information:

¢ astatement of the microorganisms and/or toxins of concern;

e Jaboratory methods for their detection and quantification;

e the sampling plan;

e the microbiological limits; and

e the number of samples required to conform to these limits.

Legislation, codes of practice and microbiological criteria
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Some EC directives, e.g. those for milk and milk-based products and for fish-
ery products, contain a mixture of mandatory (microbiological standards) and
non-mandatory criteria (guidelines).

In theory, EC-based microbiological standards would provide common crite-
ria against which the safety of food could be measured consistently. However,
some Member States, including the UK, have adopted a cautious approach to
defining and agreeing specific standards for particular types of foods. Currently
few directives have specified microbiological standards but other directives have
provisions for standards to be agreed at a later date, or where standards have
been set there is scope for them to be revised. Future EU legislation may specify
both microbiological criteria and the laboratory methods to be employed for
checking compliance with the criteria.

The following directives include microbiological standards:

e EggProducts Directive 89/437/EEC, asamended by Directive 89/662/EEC and
Directive 91/684/EEC (see Sections 3 and 8).

e Live Bivalve Molluscs Directive 91/492/EEC, as amended by Directive
97/61/EC (see Sections 3 and 9).

e Fishery Products Directive 91/493/EEC, as amended by Directive 95/71/EC
and Commission Decision 93/51/EEC on the microbiological criteria appli-
cable to the production of cooked crustaceans and molluscan shellfish (see
Sections 3 and 9).

e Milk and Milk-based Products Directive 92/46/EEC (see Sections 3 and 7).

e Minced Meat and Meat Preparations Directive 94/65/EC (see Section 3).

m Microbiological guidelines for some ready-to-
eat foods sampled at point of sale

In the past, Environmental Health Officers frequently sought advice from their
local public health laboratory on the significance of the microbiological results
of food samples they had submitted for examination. In the absence of microbi-
ological standards (UK or EC) or published guidelines for many types of foods
such interpretation has had to be based on personal experience of results from a
large number of such foods examined over many years. While there is no reason
to doubt the soundness of such advice in the past, the need to complete formal
certificates within the new legal framework suggested that structured guidance
would assist those designated as food examiners within the PHLS to fulfil their
obligations.

In 2000 the PHLS published the second revised guidelines on the interpreta-
tion of the results from the microbiological examination of various ready-to-eat
foods sampled at point of sale (Tables 2.1 & 2.2) [12]. The guidelines were
expanded to take account of experience gained of their value in practice and
additional information that has become available. They are not statutory
microbiological standards; they only reflect the opinion of the PHLS Advisory
Committee on Food and Dairy Products and are subject to periodic revision as
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Table 2.1 PHLS Guidelines for the microbiological quality of various ready-to-eat foods.
Reproduced with permission of the PHLS Communicable Disease Surveillance Centre ©

PHLS [12].
Microbiological quality (cfu/g unless stated)
Food Unacceptable/
category (see potentially
Table 2.2) Criterion Satisfactory  Acceptable  Unsatisfactory hazardous
Aerobic colony
count*30°C/4 h
1 <103 103-<10* >104 N/AT**
2 <104 10%—<10° >10° N/A**
3 <10° 10°-<10° >106 N/A**
4 <106 10°-<107 >107 N/A**
5 N/A N/A N/A N/A**
Indicator organisms’t
1-5 Enterobacteriaceaet <100 100-<10* >104 N/A**
1-5 Escherichia coli (total) <20 20-<100 >100 N/A**
1-5 Listeria spp. (total) <20 20-<100 2100 N/A**
Pathogens
1-5 Salmonella spp. ND D
1-5 Campylobacter spp. ND D
1-5 E.coliO157 & other ND D
VTEC
1-5 Vibrio cholerae ND D
1-5 Vibrio parahaemolyticus® <20 20-<100 100-<10° >103
1-5 Listeria monocytogenes <209 20-<100 N/A >100
1-5 Staphylococcus aureus <20 20-<100 100—<10* >104
1-5 Clostridium perfringens <20 20-<100 100-<10* >104
1-5 Bacillus cereus and other <103 103—<10* 10—<10° >10°
pathogenic Bacillus spp."

cfu, colony forming units; VTEC, verocytotoxin producing E.coli. D, detected in 25 g; ND, not detected in 25 g.
*Guidelines for aerobic colony counts may not apply to certain fermented foods, e.g. salami, soft cheese and unpasteur-
ized yoghurt. These foods fall into Category 5. Acceptability is based on appearance, smell, texture and the levels or
absence of indicator organisms or pathogens.

N/A denotes not applicable.

*Not applicable to fresh fruit, vegetables and salad vegetables.

SRelevant to seafoods only.

IIf the Bacillus counts exceed 10* cfu/g, the organism should be identified.

qNot detected in 25 g for certain long shelf-life products under refrigeration.

**Prosecution based solely on high colony counts and/or indicator organisms in the absence of other criteria of
unacceptability is unlikely to be successful.

On occasions some strains may be pathogenic.
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Table 2.2 Colony count categories for different types of ready-to-eat foods. Reproduced
with permission of the PHLS Communicable Disease Surveillance Centre © PHLS [12].

Food group

Product

Category

Meat

Seafood

Dessert

Savoury

Vegetable
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Beefburgers

Brawn

Faggots

Ham: raw (Parma/country style)

Kebabs

Meat meals (shepherds/cottage pie, casseroles)
Meat pies (steak and kidney, pasty)

Meat, sliced (cooked ham, tongue)

Meat, sliced (beef, haslet, pork, poultry, etc.)
Pork pies

Poultry (unsliced)

Salami and fermented meat products
Sausages (British)

Sausages (smoked)

Sausage roll

Scotch egg

Tripe and other offal

Crustaceans (crab, lobster, prawns)
Herring/roll mop and other raw pickled fish
Other fish (cooked)

Seafood meals

Molluscs and other shellfish (cooked)
Smoked fish

Taramasalata

Cakes, pastries, slices and desserts —with dairy cream
Cakes, pastries, slices and desserts —without dairy cream
Cheesecake

Mousse/dessert

Tarts, flans and pies

Trifle

Bean curd

Bhaji (onion, spinach, vegetable)
Cheese-based bakery products

Fermented foods

Flan/quiche

Hummus, tzatziki and other dips
Mayonnaise/dressings

Paté (meat, seafood or vegetable)

Samosa

Satay

Spring rolls

Coleslaw

Fruit and vegetables (dried)

Fruit and vegetables (fresh)
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Table 2.2 continued.

Food group Product Category

Prepared mixed salads and crudités
Rice
Vegetables and vegetable meals (cooked)
Dairy Cheese
Ice-cream, milk shakes (non-dairy)
Ice-lollipops, slush and sorbet
Yoghurt/frozen yoghurt (natural)
Ready-to-eat Pasta/pizza
meals Meals (other)
Sandwiches and With salad
filled rolls Without salad
With cheese
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additional information becomes available. The guidelines have no formal

standing or status, but:

e samples falling in the ‘unsatisfactory’ category indicate that further sampling
may be necessary and that Environmental Health Officers may wish to under-
take a detailed inspection of the premises, food production and handling
processes, etc.;

e samples falling in the ‘unacceptable, potentially hazardous’ category might
form a basis for prosecution by the Environmental Health Department.

Careful consideration should be given to the likelihood of success when
embarking on a prosecution based solely on unsatisfactory levels in the absence
of other unacceptable criteria. PHLS food examiners draw on their own experi-
ence and expertise in determining the advice and comments they wish to give
and are required to do this when asked to give an expert opinion during legal
proceedings. Provision has been made for the inclusion of microbiological
standards for foods in both the Food Safety Act 1990 and in EC legislation.

Although mandatory standards for more ready-to-eat foods would simplify the

interpretation of results, it is preferable to concentrate resources on implement-

ing good manufacturing practice coupled with HACCP principles and risk
assessment than to increase end product testing to ensure conformity with
microbiological criteria.

Other UK publications containing microbiological guidelines issued by
professional and trade organizations representing the food industry are listed
in the appendix below.
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Appendix: UK sources of
microbiological guidelines

Airline catering
Airline Caterers Technical Coordinating Committee (ACTCC). Airline catering
code of good catering practice, 1990. London: ACTCC.

Biscuit, cake, chocolate and confectionery products

Biscuit, Cake, Chocolate and Confectionery Alliance (BCCCA). Hygiene code
of practice in biscuit, cake, chocolate and confectionery products, 1998.
London: BCCCA.

Biscuit, Cake, Chocolate and Confectionery Alliance (BCCCA). Salmonella and
related microorganisms in cocoa, chocolate and confectionery ingredients
and products: Report of the Microbiological Working Party, 1985. London:
BCCCA.

Cheeses

The Creamery Proprietors’ Association. Guidelines for good hygienic practice
in the manufacture of soft and fresh cheeses, 1988. Available from: The
Creamery Proprietors’ Association, 19 Cornwall Terrace, London NW1 4QP.

The Specialist Cheesemakers’ Association. The Specialist Cheesemakers’ code of
best practice, 1996. Available from: The Specialist Cheesemakers’ Association,
PO Box 448, Newcastle-under-Lyme, Staffs STS OBE.

Chilled and frozen foods —for catering

Department of Health. Chilled and Frozen, Guidelines in Cook-Chill and Cook-
Freeze Catering Systems. London: HMSO, 1989.

Chilled Food Association (CFA). Guidelines for good hygienic practice in the
manufacture of chilled foods, 3rd edn, 1997. London: CFA.

Cooked meats

Gaze JE, Shaw R, Archer ]. Identification and Prevention of Hazards Associated with
Slow Cooling of Hams and Other Large Cooked Meats and Meat Products. Review
No. 8. Campden & Chorleywood Food Research Association (CCFRA), 1998.
Chipping Campden: CCFRA.

Betts GD. A Code of Practice for the Manufacture of Vacuum and Modified Atmosphere
Packaged Chilled Foods. Guideline No. 11. Campden & Chorleywood Food
Research Association, 1996. Chipping Campden: CCFRA.

Food processing

Holah J. Effective Microbiological Sampling of Food Processing Environments. Guide-
line No. 20. Campden & Chorleywood Food Research Association, 1999.
Chipping Campden: CCFRA.
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Institute of Food Science and Technology (IFST). Development and use of
microbiological criteria for foods, 1999. London: IEST.

Ice to cool drinks
Brewers and Licensed Retailers Association (BLRA). Ice hygiene. London: BLRA.

Ice-cream
Ice-Cream Alliance (ICA). Code of practice for the hygienic manufacture of ice-
cream, revised 1995. Nottingham: ICA.

Industry guides

Industry Guide to Good Hygiene Practice. Catering Guide, revised 1997.
London: Chartered Institute of Environmental Health (CIEH).

Industry Guide to Good Hygiene Practice. Retail Guide, 1997. London: CIEH.

Industry Guide to Good Hygiene Practice. Baking Guide, 1997. London: CIEH.

Industry Guide to Good Hygiene Practice. Wholesale Distributors Guide, 1998.
London: CIEH.

Industry Guide to Good Hygiene Practice. Markets and Fairs Guide, 1998.
London: CIEH.

Industry Guide to Good Hygiene Practice. Fresh Produce, 1999. London: CIEH.

Industry Guide to Good Hygiene Practice. Flour Milling Guide, 1999. London:
CIEH.

Industry Guide to Good Hygiene Practice. Vending and Dispensing Guide
Supplement (to the Catering Guide), 2000. London: CIEH.
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Schedules for examination of food

3.1 Presentation of test schedules

3.2 Microbiological criteria

3.3 Animalfeeds

3.4 Babyfoods

3.5 Bakery products and confectionery
3.6 Brines

3.7 Cannedfood

3.8 Cerealsandrice

3.9 Coconut

3.10 Dairy products

3.11 Dried foods

3.12 Eggs

3.13 Fish, crustaceans and molluscan shellfish
3.14 Frozen lollies

3.15 Fruitjuice, beverages and slush
3.16 Gelatin

3.17 Mayonnaise and sauces

3.18 Meat

3.19 Pre-prepared foods—chilled and frozen
3.20 Surfaces and containers

3.21 Vegetables and fruit

3.22 Water

This section lists the tests that are employed in the microbiological examination
of food and reproduces from published legislation and voluntary codes of prac-
tice the microbiological criteria for a number of food products.

m Presentation of test schedules

A schedule of microbiological tests is given under each food heading together
with background information on the potential hazards, processing, storage and
transportation of the types of food to which the heading relates. The recom-
mended methods for performing the tests are described in Sections 4-9 of this
manual and are cross-referenced in the right-hand column of the schedules.
The tests are listed in the schedules according to their status, i.e. statutory,
recommended or supplementary (see below), and the order in which the
methods appear in the subsequent sections in this manual. The schedules
are not intended to reflect the order in which the tests would be
performed.
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The symbols that appear in the schedules indicate the status of the tests as
follows:

Statutory test (¢)
The test is specified in UK legislation (Statutory Instruments [SI]) or in an
European Community (EC) directive for which there is no comparable SI.

Recommended test (A)
The test should be carried out routinely but there is no legal requirement to
do so.

Supplementary test (H)

The test should be performed only when there is a specific reason for doing so,
for example when the product has been implicated in an outbreak of illness or
when storage conditions were inadequate.

m Microbiological criteria

Where microbiological criteria were available for a particular product or food at
the time of preparation of this manual, they are given next to the test schedule
forinformation. The criteria were taken from legislation or from the recommen-
dations of trade or professional organizations allied to the food industry and are
subject to change. The relevant up-to-date source documents should be con-
sulted whenever possible.

m Animal feeds

Mammals and birds reared intensively require large amounts of dehydrated pro-
tein feed. This material is prepared from meat, offal, bones, blood or feathers, or
combinations of these. Fish and vegetable protein may also be added. Animal
proteins have a variable but often high content of salmonellae which depends
on the initial contamination of the raw materials and on the hygiene of manu-
facture. Animals fed with contaminated feed, particularly pigs and poultry,
often carry these salmonellae in their intestinal tracts, with no sign of illness.
Meat from such infected animals may become contaminated during slaughter
and processing, and the infection passed on to humans during subsequent
poor hygiene practices during preparation or inadequate cooking and storage
procedures.

Although animal feed may be heat treated during processing, there are many
opportunities for recontamination. Processors (rendering plants) are required to
obtain approval from the appropriate Minister (Department of Environment,
Food and Rural Affairs (DEFRA) —formerly the Ministry of Agriculture Fisheries
and Food (MAFF); the Scottish Office; the Welsh Office) under the Animal By-
Products Order 1999 [1]. Feed has to be tested by an approved laboratory before
despatch and shown to conform to the parameters listed below. A number of
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codes of practice have been issued for the control of Salmonella in animal feeding
stuffs, one of the main requirements of which is the regular monitoring of the
material for Salmonella using the same method as described for rendering plants
in the Animal By-Products Order.

The bacteria in processed food may be damaged as a result of the dehydration
process employed during its manufacture, and so a resuscitation step is neces-
sary to ensure the recovery of contaminating organisms.

The sample should be tested on the day of receipt or on the 1st working day
that allows the method to be completed. If the test is not begun on the day of re-
ceipt the sample must be stored in a refrigerator until required. Refrigerated sam-
ples should be left at room temperature for at least 4 h before examination. The
sample should be tested in duplicate 25 g portions for Salmonella, five 10 g por-
tions for Enterobacteriaceae, and for rendered material derived from high-risk
material duplicate 10 g portions for Clostridium perfringens. Preparation of sam-
ples and methods for examination are given in detail in the Aminal By-Products
Order. For C. perfringens the Order specifies duplicate pour plates using Shahidi
Ferguson agar in a pour plate method similar to that given in Section 6.5,
method 1, but also allows enumeration in duplicate exactly as described in
method 1 of Section 6.5. The Salmonella method is a pre-enrichment and en-
richment using one enrichment broth only, Rappaport Vassiliadis (RV) broth
incubated at 41.5°C with plating after 24h and 48h onto two agar plates.
Enterobacteriaceae are enumerated as described in Section 6.7 method 1 using a
1/10 dilution.

Test Section/method

Product from rendering plants:

@ Clostridium perfringens 6.5, method 1 (with Shahidi Ferguson agar)
@ Salmonella spp. 6.12 (RV only)
@ Enterobacteriaceae 6.7, method 1

@ The Animal By-Products Order (1999) [1]

Microbiological criteria for animal feeds
The Animal By-Products Order (1999) [1]

In the case of rendered material derived from high-risk material —free from Clostridium
perfringens (the sample size is equivalent to 0.2 g therefore limit is absentin 2x 0.2 g).

For all samples:
Free from Salmonella (absentin 2x25 g samples).

Enterobacteriaceae —the sample fails if any arithmetic mean of the duplicate plates ex-
ceeds 30 (3 x 102 colony forming units (cfu)/g sample); or three or more arithmetic means
are above 10 (1x 102 cfu/g).
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m Baby foods

While infants are fed with milk direct from the breast there is little risk of enteric
infection, but once the transition is made to a prepared food or dried milk for-
mula the risk is greater. The immunity of infants against infective organisms is
less than that of adults and undernourished or sick infants are particularly sus-
ceptible. It is important therefore that milk formulas for babies and dried, bot-
tled or canned baby foods are of good microbiological quality.

A dried formula may be quite safe until reconstituted, whereupon contami-
nation may be introduced and these organisms and others already present may
multiply, depending on the temperature at which the product is held. Particular
care is necessary in hospitals and maternity units where central milk kitchens
supply prepared bottled feeds for distribution. Milk that has been sterilized in
the bottle with the teat already in place (inverted) is preferred in most such
situations. Similar care should be taken with the preparation and distribution
of nasogastric enteral feeds for patients of all ages. Contamination of these feeds
can lead to colonization and infection, particularly in immunocompromised
patients. Specific advice on the preparation, administration and monitoring of
feeds has been produced [2,3]. Where possible, commercially produced pre-
packed sterile naso-gastric feeds should be given. Sterile water should be used for
the dilution of feeds, where necessary.

Dried infant milk has also been identified as a potential source of low
numbers of Enterobacter sakazaki, an organism that can colonize neonates
resulting in abdominal distension, bloody diarrhoea and, in rare cases, sepsis
and meningitis [4].

Sampling plans and specifications for dry shelf-stable products, products in-
tended for consumption after the addition of liquid, dried products requiring
heating before consumption, and thermally processed products packed in her-
metically sealed containers for infants have been drawn up by a committee of
the Food and Agriculture Organization (FAO)/World Health Organization
(WHO) [5]. Reference values for dried weaning foods and similar products to
be used by debilitated consumer groups are also suggested by Mossel and
colleagues [6].

The level of Salmonella contamination within a dried powdered formula
may be so low that it may be missed by examination of only a 25 g sample. In
instances where such a product has been implicated in cases of illness in infants
it is recommended that multiple 25¢g samples are examined from each indi-
vidual container.

Thermally processed baby food may be examined as for canned food.
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Test Section/method

A Colony count Section 5

A Bacillus cereus 6.2

A Clostridia 6.5

A Coliforms/Escherichia coli 6.6

A Salmonella spp. 6.12

A Staphylococcus aureus 6.14

Microbiological criteria for baby foods

FAO/WHO (1977) [5]

Microbiological specifications for feeds for infants and children.

Product Organism Standard

Dried biscuit type

1 Plain None

2 Coated Coliforms m=<3, M=20, n=5, c=2
Salmonella spp. Absentin 25g, n=10, c=0

Dried and instant products Colony count m=103, M=10% n=5,c=2
Coliforms m=<3, M=20, n=5, c=1
Salmonella spp. Absentin 25g, n=60, c=0

Dried products requiring Colony count m=<104, M=105, n=5, c=2

heating before Coliforms m=10, M=102,n=5,c=2
consumption Salmonella spp. Absentin 259, n=5, c=0

Thermally processed
products packaged in
hermetically sealed
containers

(a) Shall be free of microorganisms capable of growth
in the product under normal non-refrigerated
storage and distribution

(b) Shall not contain any substances originating from
microorganisms in amounts which may represent
a hazard to health

(c) If of pH greater than 4.6 shall have received a
processing treatment which renders them free of
viable organisms of public health significance

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); c, the
number of sample units where the bacterial count may be between mand M. (For further explanation

seep.3.)
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m Bakery products and confectionery

Incidents of food poisoning have occurred from bakery products, chocolate and
confectionery products, but they are rare. Most of the problems with these prod-
ucts are associated with spoilage.

Bread

Moulds are responsible for most of the spoilage problems. The low water activity
of bread effectively inhibits bacterial growth provided that the storage con-
ditions are satisfactory. During baking the internal temperature achieved is suf-
ficient to kill bacteria and moulds, apart from some spores. Adequate control of
cooling and measures to prevent contamination after baking from slicing and
wrapping machines are important. Ropiness, caused by Bacillus spp., may occur
in a home-baked product, but is unlikely in bread produced commercially, par-
ticularly with preservatives such as acetate or propionate.

Fillings and coatings

Most of the food poisoning problems have been associated with the wide variety
of fillings or coatings in or added to baked products, such as dairy or artificial
creams, custard, coconut, egg products and meats and gravies. Test schedules for
these products appear under separate food headings in this section.

Chocolate products

These have a low water activity and often a high fat content. Though once con-
sidered safe, chocolate products have now been implicated in a number of
Salmonella outbreaks [7,8]. In these outbreaks the infectious dose was low and
the salmonellae may have been protected from the acidity of the stomach by
the high fat content of the chocolate. Soft-centred chocolates may be subject
to yeast spoilage.

Following the outbreaks, in 1984 the UK Cocoa, Chocolate and Confec-
tionery Alliance and the Cake and Biscuit Alliance set up a working party to
examine the implications for the industry of chocolate contaminated with sal-
monellae (see Section 2.7). The working party recommended that the emphasis
of control should be on preventing the conditions under which salmonellae
might contaminate and grow in raw materials, process, environments and prod-
uct rather than on microbiological testing. Checks to monitor batches of mate-
rial were considered to be of value in providing information about commodities
and in detecting gross contamination. A plan for frequency of sampling and
testing for salmonellae was suggested.
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Test Section/method

A Bacillus cereus and Bacillus spp. 6.2

A Coliforms/Escherichia coli 6.6

A Enterobacteriaceae 6.7

A Staphylococcus aureus 6.14

A Yeasts and moulds 6.17

B Colony count 5.3-5.6
B Salmonella spp. 6.12

m Brines

Bacon and ham are the most common cured meat products. The processes are
similar except that sugar may be added in the curing of ham. The principal in-
gredients of curing solutions are sodium chloride, sodium nitrate and sodium
nitrite. These, together with the pH and storage temperature, control the stabil-
ity of cured meats. Salt reduces the water activity, restricting the growth of
spoilage bacteria. Some types of continental sausage are cured and may also be
fermented.

In the manufacture of bacon, sides of pork are injected with a freshly pre-
pared solution of salts, often containing about 24% sodium chloride (injection
brine), and then immersed in a 15% salt solution (cover brine) for 3-5 days. The
cover brine is used repeatedly, with filtering and adjustment of salt concentra-
tion between curing cycles. With good management it can be used indefinitely.
Dry salting or pickling of meat joints may not prevent spoilage of the deeper
tissues.

The stability of curing brines is directly related to microbiological growth and
activity, the activity being measured in terms of the reduction of nitrate and/or
nitrite with the associated increase in pH. Routine microbiological and chemical
examination of curing brines can detect loss of stability and indicate the type of
treatment necessary to control the brine [9] and, subsequently, the cure of the
bacon. A decrease in salt concentration and shorter immersion time in response
to consumer preferences will have an effect on the stability of the product.

Injection brine should be sampled from the preparation or storage tank;
cover brine from the reconstitution tank with the mixing device in operation.
Direct microscopic counts provide a rapid means of control of cover brine. The
presence of salt-requiring vibrios (e.g. V. costicola) in brines is usually indicative
of ‘back flow’ contamination, i.e. contamination from cured meats into the cur-
ing system. These organisms are important spoilers of bacon.
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Test Section/method

Injection brine:

A Colony countat 22°C 5.3-5.6
Cover brine:

A Colony countat 22°C 5.3-5.6
A Coliforms/Escherichia coli 6.6

A Vibriospp. 6.15

B Direct microscopic count 4.6

Canned food

Canned food has been involved in enteric infection and food poisoning inci-

dents, including cases of typhoid, botulism, salmonellosis and staphylococcal

poisoning, although in relation to the large amount of canned food consumed
such events are uncommon. Problems have also occurred relating to spoilage of
consignments of canned food from a variety of countries.

Canned food may be of two types:

e shelf stable, i.e. processed to sterility or given a milder process but still ex-
pected to withstand storage at ambient temperature for atleast 12 monthsand
commonly up to 2 years or more; or

e perishable,i.e. given a milder or pasteurization process which permits alim-
ited shelf-life if kept cold.

It must be understood that the heat processing of canned foods is designed to
render the product shelf stable at ambient storage temperatures, a process which
is referred to as ‘commercial sterility’. In most instances the pack may contain
residual levels of dormant spores which will not germinate and grow in the
product under normal storage conditions. For low-acid foods (pH>4.5) these
may be thermoduric spores of Bacillus spp. and Clostridium spp. that will not
germinate below 45°C and for semi-acid and acid category foodstuffs (pH<4.5)
may be mesophilic spores of Bacillus spp. and Clostridium spp. Canned cured
meats may also contain mesophilic spores that are prevented from germination
by the preservative salt content of the product. The microbiological examina-
tion of canned foods should be designed to isolate and identify the abnormal
microflora that had led to product spoilage.

Routine quality controlis the responsibility of the manufacturer and random
sampling at point of sale is impractical. Imported canned products may need to
be examined at point of entry to the UK if defects or spoilage develop at point of
sale, or the products are implicated in human disease. Apparent swollen can
spoilage may occur by chemical attack of the internal metallic surface of the
container by the food; improved lacquering has reduced the likelihood of
this.
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Spoilage organisms may be present in a canned product as a result of inade-
quate heat processing or from recontamination due to leakage after processing.
The results of microbial spoilage are variable. Many bacteria are fermentative
and produce souring by the formation of acids. Gas may also be produced and
there may be changes in the colour and texture of the product.

Heat treatment

Inadequate processing may result in spoilage by thermoduric and sometimes
mesophilic spore-forming bacteria. Though rare, in the extreme it can lead to
spoilage by vegetative bacteria. Thermoduric organisms generally cause fermen-
tative spoilage and produce either acid from the available carbohydrates (certain
Bacillus spp.) or acid and gas (certain Clostridium spp.). In the former, the ends of
the container remain flat (so-called ‘flat-sour spoilage’), and in the latter the can
may swell and eventually burst.

Spoilage by mesophilic Clostridium spp. may be fermentative, with the pro-
duction of acid and gas, or putrefactive. In the latter, the anaerobic decomposi-
tion of proteins into peptides and amino acids causes the production of foul
odours due to hydrogen sulphide, ammonia, amines and other strong-smelling
products. The proteolytic anaerobes grow best in weakly acidic canned food
such as meat, fish and poultry. Spoilage of acidic food, with a pH of 4.5 or less,
such as canned fruit or pickles, is uncommon. Yeasts or moulds may occur in
incidences of serious underprocessing. Mould can raise the pH of some acidic
food sufficiently to permit the growth of bacteria such as C. botulinum.

Some meat products, e.g. canned ham, are less palatable after severe heat pro-
cessing and so are given the minimum of heat treatment. The pH and level of
curing salts in the food in combination with the correct storage temperature
should prevent any surviving organisms from multiplying. Vegetative cells of
thermoduric bacteria are fairly heat resistant and may spoil this type of product,
for example, Enterococcus faecalis in canned ham.

Can defects

Spoilage by vegetative bacteria or yeasts usually indicates a defect in the can
structure. The negative pressure within a can after heating may allow contami-
nated cooling water to be drawn in if the can has defective seams. When the
seams are dry the chances of contamination are slight. Often only a few cans
in a batch are affected. Contamination of canned food by human pathogens,
notably Salmonella Typhi, has occurred in this way. Adequate chlorination of
the cooling water reduces the risk of contamination. The most common point of
entry is the junction of the side seam and the double seams of the can lid or base.
Small holes due to rust or damage can also allow bacteria to enter. For glass jar
packs closed with metal lids the integrity of the sealing surface is an essential
feature, especially the finish of the glass jar sealing face and the lining gasket
material in the metal lid.
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Test Section/method

A Visual inspection/ Section 4
pre-examination incubation,
opening and sampling

Stability/spoilage —routine

A pH 4.5

A Water activity (a,,) 4.7

A Direct microscopic examination 4.6

A Colony countat 22°C, 37°Cand 55°C 5.3-5.6

A Enrichment culture for aerobes In a suitable liquid medium, e.g.

nutrient broth

A Enrichment culture for anaerobes 6.5

Food poisoning or spoilage incidents

Central core or other representative sample:

A pH 4.5

A Direct microscopic examination 4.6

A Enrichment culture for aerobes In a suitable liquid medium, e.g.
nutrient broth

A Enrichment culture for anaerobes 6.5

Subculture of the above, when growth apparent, to appropriate agar plate media:

A Bacillus spp. 6.2
A Clostridia 6.5
A Coliforms/Escherichia coli 6.6
A Enterobacteriaceae 6.7
A lactobacilli/streptococci 6.9
A Salmonella spp. 6.12
A Staphylococcus aureus 6.14

Surface scrapings and seam swabs:

A Direct plate culture On suitable media, e.g. blood
agar, nutrient agar, plate countagar
A Enterobacteriaceae 6.7
A Escherichia coli 6.6
Examination

Before contemplating microbiological examination of canned products it is im-
portant to obtain as much background data as possible. The International
Commission on Microbiological Specifications for Foods (ICMSF) suggests that
routine microbiological testing of shelf-stable canned meat products is unnec-
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essary provided that data on processing, water supply, seam inspection and
chemical composition are available and satisfactory [10].

Itisimportant to examine cans for defects before opening them. On removal
of the contents a full structural examination can be made. The extent of bacte-
riological tests on the contents will depend on the reason for examination. If
spoilage has occurred, direct microscopy of the homogenate may give useful in-
formation about the causative organism(s) and indicate suitable parameters for
examination.

m Cereals and rice [11]

Food of plant origin that is used in a dried form may have undergone heat treat-
ment to remove moisture or may have been allowed to dry naturally. The heat
treatment applied is usually sufficient to eliminate vegetative cells, but sporing
organisms such as Clostridium perfringens and Bacillus cereus and other Bacillus
spp- will survive. Food in a dehydrated form may be considered safe other than
risks for cross-contamination to other foods, but bacterial growth may occur
once itisrehydrated.

Most samples of raw rice contain small numbers of B. cereus, and rice has been
implicated on many occasions in outbreaks of B. cereus food poisoning follow-
ing storage of cooked rice at ambient temperatures for long periods of time
before reheating. Similarly foods containing cereal products such as flour used
for thickening sauces or in meat and pastry products have been implicated
in incidents of illness attributed to other species of Bacillus, mainly of the
B. subtilis/licheniformis group. The Bacillus spores germinate and multiply during
periods of storage at unsuitable temperatures. Many pathogenic organisms
may be introduced to grains by exposure to human or animal contamination.
Organisms present on dried food may be transferred to more sensitive food.

Pasta products are made from wheat flour, potable water and semolina or
farina, and other ingredients such as egg (powdered or frozen), spinach, tomato,
soya protein, vitamins and minerals may be added. A stiff dough, containing
about 30% water, is extruded and dried at a temperature below that of pasteuri-
zation. Bacteria may grow rapidly during mixing and drying and pathogens may
survive in the final product. Bacteria do not grow in the dry material, but there is
adanger of cross contamination from the dried product to a finished moist food.
Many of the organisms present in pasta will be killed during cooking. Staphylo-
coccal enterotoxin may not be inactivated by cooking and has been implicated
in food poisoning from pasta products when high levels of S. aureus and pre-
formed enterotoxin were found in the pasta. Low numbers of S. aureus are often
found in pasta products.

The most important microbial health hazard from cereal products is myco-
toxins caused by the growth of moulds.
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Test Section/method

A Aerobic colony count 5.3-5.6

A Mpycotoxins Appendix C
B Bacillus cereus and other Bacillus spp. 6.2

B Salmonella spp. 6.12

B Staphylococcus aureus 6.14

m Coconut

Salmonellosis has been associated with the consumption of uncooked desic-
cated coconut. Improved preparation and drying procedures have reduced con-
tamination of the dried product, but Salmonella contamination may still be
found in some consignments and remains a potential hazard.

Test Section/method

A Salmonellaspp. 6.12

m Dairy products

Milk is at risk of faecal contamination from the cow or other producer species
and is subject to potential contamination from equipment, the environment
and humans during collection and processing. Milk supports the growth of
many pathogens and, before the widespread adoption of pasteurization and
refrigerated storage, was a well-recognized vehicle for food poisoning. Tradi-
tionally, a dye reduction test such as the methylene blue test has been used as a
simple, inexpensive indicator of product hygiene for milk, cream and ice-cream.
However, quality defects with refrigerated products are commonly due to psy-
chrotrophic bacteria that frequently show poor dye reduction activity. More
useful information may be obtained by a colony count together with a coliform
count and this is reflected in changes in the legislation covering milk.

The EC Milk and Milk-based Products Directive 92/46/EEC [12], that hasbeen
transposed into UK national law as the Dairy Products (Hygiene) Regulations
1995 [13], lays down health rules for the production and placing on the market
of raw milk, heat treated drinking milk, milk for the manufacture of milk-based
products and milk-based products intended for human consumption. The di-
rective includes microbiological criteria for milk and also for certain types of
cheese, butter and liquid, powdered and frozen milk-based products including
dairy ice-cream. Microbiological limits for milk from animals other than the
cow (goat, ewe, buffalo) are also specified. The legislation incorporating the
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directive into UK law has therefore superseded most of the previous legislation
pertaining to milk and dairy products.

BS 4285 describes microbiological methods for the detection of a wide range
of organisms in dairy products [14]. More recent updates of some of these meth-
ods have been issued as BS ISO or BS EN ISO documents and are cited in Section
7 of this manual. Section 7 is devoted to the examination of milk and other dairy
products as they are subject to extensive testing for statutory purposes.

Cheese

Most cheese is made by the fermentation of milk. The finished product usually
contains large numbers of the lactic acid producing bacteria that were used to
bring about the fermentation together with moulds and bacteria used to impart
traditional flavours. Fresh cheese, however, often has a low bacterial count of
about 10° organisms/g owing to destruction of the lactic acid bacteria by heat
during production of the cheese.

There are three main types of cheese:

e Hard-pressed cheese. Cheddar is a prime example of this type of cheese. It
is made from firm, relatively dry curd that is ripened by bacteria and matured
over a period of some months. Lactobacilli gradually become predominant
during the ripening process. This cheese has a low water activity, low pHand a
high salt content.

e Soft cheese. Some varieties of soft cheese are eaten fresh (e.g. Cottage,
Cream) while others are ripened, usually by the action of surface moulds (e.g.
Brie, Camembert). Soft cheese retains a high moisture content, has a rela-
tively high pH and a low salt content. Some pathogens, such as Listeria mono-
cytogenes, are able to multiply during the maturation period particularly in the
area just below the rind or crust.

¢ Blue-veined mould-ripened cheese. The particular flavour of the final
productisachieved by inoculating the cheese with moulds, such as Penicillium
spp., that grow within the cheese (e.g. Stilton, Gorgonzola).

Pathogens present in milk used for the manufacture of cheese may survive
the cheese making process and remain viable in the finished product. Most
cheese is made with pasteurized milk and should not contain pathogens. Con-
tamination of a product made with pasteurized milk may occur at various stages
during manufacture.

Most ripened cheeses have a high colony count because of the presence of the
lactic acid producing bacteria used to achieve fermentation of the milk. Samples
taken from a soft or a mould-ripened cheese should always include the outer
rind when examined for Listeria spp. as higher numbers of the organism are
found in the rind.

The Creamery Proprietors’ Association has produced a code of practice for the
production of soft cheese and fresh cheese (see Section 2.7). It includes advisory
microbiological guidelines, with particular reference to Listeria spp., on envi-
ronmental routine and investigative screening.
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Test Section/method

@ Coliforms (30°C) (quideline) 7.4, method 1

@ Escherichia coli (raw milk cheese, soft cheese) 7.4, method 1

@ Listeria monocytogenes 6.10

@ Salmonella spp. 6.12

@ Staphylococcus aureus 6.14

A pH 4.5

B Colony count Section 5, e.g. 5.3-5.6

*

Dairy Products (Hygiene) Regulations (1995) [13]

Microbiological criteria for cheese
Dairy Products (Hygiene) Regulations (1995) [13]

The following criteria are applicable to the manufactured product on removal from the
processing establishment.

Product Organism Standard
Cheese other than hard cheese Listeria monocytogenes ~ Absentin 259, n=5, c=0
(from 5x5 g samples)

Hard cheese Absentin1g, n=5, c=0

All products Salmonella spp. Absentin 259, n=5, c=0

Cheese made from raw or Staphylococcus aureus  m=103, M=10%, n=5, c=2
thermised milk

Soft cheese (made from heat m=102, M=103,n=5, c=2
treated milk)

Fresh cheese m=10, M=102, n=5, c=2

Cheese made from raw or Escherichia coli m=10% M=10% n=5, c=2

thermised milk
Soft cheese (made from heat m=102, M=103, n=5, c=2
treated milk)
Indicator organisms —guidelines:
Soft cheese (made from heat Coliforms (30°C) m=10% M=10%,n=5,c=2
treated milk)

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); , the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)

Creamery Proprietors’ Association (see Section 2.7)
Advisory microbiological guidelines for soft cheese and fresh cheese:

Pathogenic Listeria spp. should not be detected in 15x25g samples per lot of end
product.
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Cream

Cream may be separated from raw or pasteurized milk. Cream made from pas-
teurized milk contains thermoduric organisms (e.g. Bacillus spp.) that have sur-
vived heat treatment or are post-pasteurization contaminants. In addition, raw
cream may contain any of the pathogens found in raw milk. Sterilized and ultra
heat treated (UHT) cream in sealed containers should not contain viable organ-
isms. Pasteurized, sterilized and UHT cream are required to satisfy statutory tests
as prescribed in the Dairy Products (Hygiene) Regulations 1995 [13]. In the past
the methylene blue reduction test was used as a simple, inexpensive indicator of
the hygienic quality of raw, pasteurized and clotted cream. However, anomalies
did occur between the results of that test and those of colony count and coliform
tests. The latter tests give more useful information and are preferred by the dairy
industry. Pasteurized cream examined at the heat treatment premises is covered
by the Dairy Products (Hygiene) Regulations, which imposes a coliform (30°C)
test (guideline) and examination for Salmonella spp. and L. monocytogenes. There
is a requirement to satisfy a phosphatase test and to give a negative peroxidase
test. Sterilized and UHT cream are required to satisfy a pre-incubated plate count
test as before, but the specified temperature of incubation is 30°C.

Test Section/method
Untreated cream:
A Colony count 7.2, method 1
A Bacillus spp. 6.2
A Campylobacter spp. 6.4
A Listeria monocytogenes 6.10
A Salmonella spp. 6.12
A Staphylococcus aureus 6.14
A Coliforms/Escherichia coli 7.4, method 1
W Brucella spp. 6.3
B Yersinia spp. 6.18
Pasteurized cream:
@ Listeria monocytogenes 6.9
@ Salmonella spp. 6.12
@ Peroxidase test 7.1, method 4
@ Coliform test (30°C) 7.4, method 1
@ Phosphatase test 7.4, method 7
B Colony count 7.2, method 1
B Bacillus spp. 6.2
continued
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W Brucella spp. 6.3

B Campylobacter spp. 6.4

W Staphylococcus aureus 6.14

B Yersinia spp. 6.18
Sterilized/UHT cream:

4 Colony count 7.3, method 1

@ Dairy Products (Hygiene) Regulations (1995) [13]

Microbiological criteria for cream

Dairy Products (Hygiene) Regulations (1995) [13]

Pasteurized cream:

Listeria monocytogenes Absentin T mL

Salmonella spp. Absentin 25mL, n=5, c=0
Coliforms (30°C) m=0, M=5, c=2
Phosphatase Must satisfy the test
Peroxidase Must give a negative reaction
Sterilized or UHT cream:

Colony count (30°C)* Not more than 100 cfu/1 mL

*After incubation in a closed container at 30°C for 15 days.

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); , the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)

Ice-cream

The Ice-cream Regulations (1959, 1963) require that ingredients used in the
manufacture of ice-cream are pasteurized or sterilized and subsequently kept at
a low temperature until the freezing process has begun [15,16]. The regulations
make it an offence to sell or offer for sale ice-cream that has not been so treated
or hasbeen allowed toreach a temperature above —2°C without again being heat
treated. Certain types of water ices and ice-lollies are exempt from the heat treat-
ment requirements because they are sufficiently acid (pH4.5 or less) to make
such treatment unnecessary.

Amodified methylene blue reduction test has been used as a crude indication
of the hygienic quality of ice-cream; products that are coloured or contain addi-
tives such as fruit juices and nuts are unsuitable for the test. A combination
of colony count and coliform count is commonly used in industrial quality
control.

Microbiological criteria for frozen milk-based products, including ice-cream,
sampled at the processing establishment, are contained in the Milk and Milk-

40 Section three



based Products Directive 92/46/EEC [12] and the Dairy Products (Hygiene)
Regulations (1995) [13]. Commercially produced ice-cream mix has an excellent
safety record because heat treatment of the product has long been a statutory
requirement. However, ice-cream made from basic ingredients (for example
in domestic or catering premises) containing raw egg and other potentially
contaminated items has been associated with incidents of food poisoning.
Machines that deliver soft ice-cream require special attention with respect to
regular maintenance and cleaning to prevent build up of contamination in
pipes and nozzles. UHT ice-cream mix should be treated as for other UHT dairy
products (milk, cream, milk-based drinks) and a colony count performed after
pre-incubation of the sample at 30°C.

Test Section/method
@ Listeria monocytogenes 6.10

@ Salmonella spp. 6.12

@ Staphylococcus aureus 6.14

@ Coliforms (30°C) (guideline) 7.4, method 1

@ Colony count (30°C) (guideline) 7.4, method 8

W Bacillus spp. 6.2

B Escherichia coli 7.4, method 1 or 6.6
UHT mix:

A Colony count (30°C)* 7.3, method 1

@ Dairy Products (Hygiene) Regulations (1995) [13]
*After pre-incubation at 30°C for 15 days.

Microbiological criteria for ice-cream
Dairy Products (Hygiene) Regulations (1995) [13]

Criteria for frozen milk-based products:

Listeria monocytogenes Absentin1g

Salmonella spp. Absentin 259, n=5,c=0
Coliforms (30°C) (guideline) m=10, M=100, n=5,c=2
Staphylococcus aureus m=10, M=100, n=5, c=2
Colony count (30°C) (guideline) m=10% M=5x10% n=5,c=2

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); c, the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)
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Milk

Untreated milk

Raw milk may contain pathogens derived from the cow (or other milk animal)
such as Campylobacter spp., Salmonella spp., Cryptosporidium, E. coli O157,
S. aureus and L. monocytogenes. Raw milk is a recognized vehicle for food
poisoning.

The methylene blue dye reduction test, as a statutory test for cows’ milk for
drinking, was replaced in the Milk (Special Designation) Regulations 1989 [17]
by a colony count and coliform test. Directive 92/46/EEC [12] allows a colony
count of up to 5x10%cfu/mL for cows’ milk for drinking purposes and does not
cover raw milk from other sources. However, the UK legislation, enacting the EC
Directive, the Dairy Products (Hygiene) Regulations (19935) [13] retains the more
stringent specification of up to 2x10* cfu/mL for raw cows’ milk sold directly to
the consumer, as found in the 1989 regulations, and applies them to milk from
ewes, goats and buffaloes as well. The EC Directive also specifies an examination
for S. aureus and Salmonella spp., and requires that pathogenic microorganisms
and their toxins shall not be present in quantities that might affect the health
of consumers. In the UK legislation the requirements on Salmonella spp. and
S. aureus apply only to milk for export to a Member State.

The EC Directive and the UK legislation also contain specifications for raw
milk intended for the production of milk-based products or pasteurized milk.
These vary according to the proposed use of the milk and the animal source.

Test Section/method
@ Salmonella spp. 6.12

@ Staphylococcus aureus 6.14

@ Colony count (30°C) 7.2, method 1
@ Coliforms (30°C) 7.1, method 2
A Campylobacter spp. 6.4

A Escherichia coli 6.6

W Brucella spp. 6.3

B Listeria monocytogenes 6.10

W Yersinia spp. 6.18

B Cryptosporidium spp. Appendix C

@ Dairy Products (Hygiene) Regulations (1995) [13]
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Microbiological criteria for untreated milk for drinking
Dairy Products (Hygiene) Regulations (1995) [13]

Milk sold directly to the consumer (cow, goat, ewe, buffalo):
Pathogenic microorganisms and their toxins shall not be present in quantities that may af-
fect the health of the consumer.

Colony count (30°C) <2x10%/mL

Coliforms (30°C) <100/mL

Cows’ milk for export to another Member State:

Colony count (30°C)* <5x10%/mL

Staphylococcus aureus/mL m=10%, M=5x102, n=5,c=2
Salmonella spp. Absentin 25mL, n=5,c=0

*Colony count taken as the geometric average over a period of 2 months with a minimum of two
samples per month.

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); ¢, the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)

Microbiological criteria for raw milk intended for the manufacture
of dairy products which will have no further heat treatment

Dairy Products (Hygiene) Regulations (1995) [13]

Cows’ milk:

Colony count (30°C) <1x10%/mL

Staphylococcus aureus/mL m =500, M=2000, n=5, c=2
Goats’, ewes’ or buffaloes’ milk:

Colony count (30°C) <1.5x108/mL
Staphylococcus aureus/mL m =500, M=2000, n=5,c=2

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); c, the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)

Pasteurized milk
The phosphatase enzyme present in raw milk is destroyed by pasteurization
and a test for residual phosphatase activity should be used to check that
effective heat treatment has been achieved. The Milk and Milk-based Products
Directive 92/46/EEC [12] also stipulates a peroxidase test, which is used to indi-
cate whether overheating (greater than 75°C) of pasteurized milk has taken
place.

The Dairy Products (Hygiene) Regulations 1995 [13] require pasteurized
cows’ milk sampled at the heat treatment premises to satistfy a pre-incubated
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colony count, coliform test and phosphatase test and to give a positive reaction
in the peroxidase test. Procedures for the collection and transport of samples
and the test methods are specified in Commission Decision 91/180/EEC [18],
and guidelines have been produced for enforcement purposes [19,20]. It is no
longer a statutory requirement to perform the methylene blue test on pasteur-
ized milk. The EC Directive does not stipulate a colony count, nor do the UK
regulations incorporating the directive into national law (Dairy Products
[Hygiene] Regulations 1995 [13]). There is also a requirement for the absence of
pathogens and toxins in quantities that may be harmful to the consumer, but
the Commission Decision [18] states that if the specified tests are satisfactory
testing for pathogens is only necessary in instances where food poisoning is sus-
pected. The Dairy Products (Hygiene) Regulations apply to pasteurized milk not
only from cows but also from ewes, goats and buffaloes.

Test Section/method
@ Listeria monocytogenes 6.10

@ Salmonella spp. 6.12

@ Pre-incubated colony count (21°C)* 7.1, method 1

@ Coliforms (30°C) 7.1, method 2

@ Phosphatase test 7.1, method 3

@ Peroxidase test 7.1, method 4

B Campylobacter spp. 6.4

W Yersinia spp. 6.18

@ Dairy Products (Hygiene) Regulations (1995) [13]
*After pre-incubation at 6°C for 5 days.

Microbiological criteria for pasteurized drinking milk (all milks)

Dairy Products (Hygiene) Regulations (1995) [13]

Pathogenic microorganisms Absentin 25g; n=5, c=0
Pre-incubated colony count/mL m=5x10% M=5x10% n=5,c=1
Coliforms/mL m=0, M=5,n=5,c=1

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); ¢, the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)

44 Section three



Sterilized and ultra heat treated milk

The designation ‘sterilized’ is used for milk that is heated in its final container to
a temperature of at least 100°C for several minutes (usually in the range
105-120°C for 10-30min). The heating process should result in complete de-
naturation of the soluble milk proteins and destruction of viable organisms. The
completeness of protein denaturation used to be monitored by the turbidity
test, which detects any undenatured whey protein; however, this test is not
included in either Directive 92/46/EEC [12] or the UK regulations (the Dairy
Products (Hygiene) Regulations 1995 [13]).

The designation ‘UHT’ (ultra heat treated) is used for milk that has been
treated by the ultra high temperature method, that is, heated to a temperature
of 135-150°C for a sufficient length of time to produce a satisfactory level of
commercial sterility (usually 138-142°C for 2-5s). Thus all residual spoilage
microorganisms and their spores are destroyed with minimal chemical, physical
and organoleptic changes to the milk. The UHT milk is then put into containers
under aseptic conditions.

Both sterilized milk and UHT milk are required to satisfy a statutory colony
count test after pre-incubation at 30°C for 15 days (or 55°C for 7 days if heat re-
sistant spores are likely to cause a problem) if collected at the processing plant
[12,13].

Test Section/method
Sterilized and UHT milk:
@ Colony count (30°C)* 7.3, method 1

@ Dairy Products (Hygiene) Regulations (1995) [13]
*After incubation of the milk at 30°C for 15 days or 55°C for 7 days.

Microbiological criteria for sterilized and UHT milk
Dairy Products (Hygiene) Regulations (1995) [13]

Colony count (30°C)* <100/mL

*After incubation of the milk at 30°C for 15 days or 55°C for 7 days.

Semi-skimmed and skimmed milk

Both semi-skimmed (fat content 1.5-1.8%) and skimmed (fat content not
more than 0.3%) milk are required to be subject to a heat treatment process
(pasteurization, sterilization or UHT method). The test schedules applicable to
these milks are as given for whole milk under the appropriate heat treatment
heading.
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Other milk-based products

Milk-based drinks

Milk-based drinks may be prepared for retail sale by the addition of flavourings
to pasteurized, sterilized or UHT milk. No specific reference is made to milk-
based drinks in Directive 92/46/EEC [12], or the UK legislation [13] but they
should be considered as liquid milk-based products and the appropriate tests
applied. The directive and UKlegislation (Dairy Products [Hygiene] Regulations,
1995 [13]) specify that colony counts on UHT or sterilized milk-based products
are performed after incubation of the intact container at 30°C for 15 days. There
isa general requirement for absence of pathogens and their toxins as well as spe-
cific standard and guideline criteria.

Test Section/method

Pasteurized milk-based drinks:

@ Listeria monocytogenes 6.10

@ Salmonella spp. 6.12

@ Coliforms (30°C) (quideline) 7.4, method 1
B Yersinia spp. 6.18

B Phosphatase test 7.1, method 3b
B Colony count 7.4, method 8

Sterilized or UHT milk-based drinks:
@ Colony count 7.3, method 1

@ Dairy Products (Hygiene) Regulations (1995) [13]

Microbiological criteria for milk-based drinks
Dairy Products (Hygiene) Regulations (1995) [13]

For liquid milk-based products on removal from the processing plant:

@ Listeria monocytogenes Absentin1g, n=5, c=0
@ Salmonella spp. Absentin 25g, n=5, c=0
@ Coliforms (30°C)/mL (guideline) m=0, M=5,n=5,c=0
Milk-based products that are UHT or sterilized and intended for conservation at room
temperature:

@ Colony count (30°C)* <100 cfu/mL milk

*After incubation of the milk at 30°C for 15 days.

n, the number of sample units; m, the threshold value for the number of bacteria (satisfactory if not
exceeded); M, the maximum value for the number of bacteria (unsatisfactory if exceeded); c, the
number of sample units where the bacterial count may be between mand M. (For further explanation
seep.3.)
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Dried milk
Liquid milk to be used for the production of dried milk is required to be stored
under conditions that do not allow multiplication of potential pathogens.
S. aureus in particular must be prevented from multiplying and producing
enterotoxin to a concentration that would be a hazard in the dried product.

The microflora of dried milk is determined by a number of factors, notably
the temperature to which the milk is raised before drying and the drying process
employed. Milk may be spray dried or roller dried. The temperature achieved in
roller drying is higher than that for spray drying and consequently roller-dried
milk contains fewer organisms than spray-dried milk. Organisms may be intro-
duced during processing and packing. The low water content of dried milk will
resultin a decrease in the number of viable organisms during storage and spore-
forming organisms will usually predominate.

When dried milk is reconstituted surviving organisms will be able to multi-
ply, so reconstituted milk should be treated with the same care as fresh milk.

Occasionally, salmonellae have been detected in dried milk and have been
responsible for outbreaks of food poisoning. The level of Salmonella contami-
nation may be extremely low and so it may be necessary to examine a large
number of samples of greater quantity in order to detect t