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1

Introduction
H. L. M. Lelieveld, Unilever R&D Vlaardingen, The Netherlands

The Codex Alimentarius Commission (CAC) defines food hygiene as ‘all conditions
and measures necessary to ensure the safety and suitability of food at all stages of
the food chain’ (Anon., 1997). Similarly, the EU’s General Food Hygiene Directive
has defined food hygiene as ‘all measures necessary to ensure the safety and
wholesomeness of foodstuffs’ (Anon., 1993). The Directive includes all stages of the
supply chain in this definition, from harvesting, milking or slaughter through to the
point of consumption. Hygiene is defined in very broad terms, potentially
incorporating any measure designed to prevent contamination of food, whether
from a physical, microbiological or chemical source, at any stage of production.

In the US there is greater focus on the concept of food sanitation defined, for
example, as the ‘hygienic practices designed to maintain a clean and wholesome
environment for food production, preparation and storage’ (Marriott, 1999). This
second definition links hygiene more specifically with maintaining a clean working
environment during food processing. However, even here hygiene as a subject can
be seen as extending beyond the practice of cleaning itself to incorporate those
elements which make cleaning possible. As an example, good plant, process and
equipment design is critical to effective sanitation. Similarly, a hygienic processing
environment depends on a broader range of measures including the right working
practices for personnel involved in handling food, the control of insect and other
pests, and the prevention of non-microbial contaminants such as foreign bodies.

This volume can be seen as part of a series of studies that look at hygiene in
its broadest sense, including the control of chemical contaminants (Watson,
2001), measures to control particular pathogens (Blackburn and McClure, 2002),
the application of HACCP systems to manage such hazards (Mayes and
Mortimore, 2001), and the use of risk assessment to set objectives for HACCP
and other food safety management systems (Brown and Stringer, 2002). The
book begins by looking at the regulatory context. Chapter 2 provides an
overview of the range of legislation in this area, from the international arena to
application at national level. It also places hygiene in the broader context of
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HACCP systems and risk management. The following two chapters then
consider the regulatory framework in the EU and USA.

Part Il looks at the key issue of hygienic design. It is prefaced by an introductory
chapter on the range of physical, chemical and microbiological contaminants that
must be dealt with to maintain a hygienic food processing environment. The chapter
concludes with a case study on the broad range of measures required to control a
particular pathogert. coli, at the various stages of the food chain from ‘farm’ to
‘fork’. The next two chapters look at hygienic plant design, including the particular
control of airborne contamination. They are followed by a sequence of four chapters
on hygienic equipment design, looking at general principles, construction materials,
piping systems and the design of equipment for cleaning in place. A final chapter
reviews methods for verifying the bacterial tightness and cleanability of equipment
and certification schemes in Europe and the USA.

The final part of the book reviews the practices required to maintain a hygienic
environment during food processing operations. Chapter 13 reviews the types of
cleaning chemical and disinfectant and their use, sanitation programmes and
methods for assessing their effectiveness. The following chapter discusses how to
ensure that sanitation does not itself become a source of contamination. Since the
personnel working in a food processing environment are a major potential source
of contamination, Chapter 15 reviews the key topic of personal hygiene. The book
then concludes with chapters on the prevention of foreign bodies and insect pests.

The reader may perceive that the focus of the book is on Europe and the
USA. This focus is the result of the rather intensive communication between the
USA and Europe on questions of hygienic manufacture, in particular between
EHEDG and 3A/IAFIS. Nevertheless, the recommendations given in this book
apply equally well to any other area in the world. It may be of interest to know
that currently EHEDG Regional Sections are under development by interested
organisations in several Asian countries. For more information please contact
the EHEDG Office or look at the EHEDG website (www.ehedg.org).

References

ANON. (1993) ‘Council directive 93/43/EEC of 14 June 1993 on the hygiene of
foodstuffs’, Off. J. Eur. CommL 175: 1-11.

ANON. (1997) ‘Recommended International Code of Practice: General Principles of Food
Hygiene’, in Codex Alimentarius Commission Food Hygiene Basic Texts: CAC/
RCP 1-1969 Rev,3Food and Agriculture Organisation of the United Nations,
World Health Organisation, Rome.

BLACKBURN, C DE W andMCCLURE, P(2002)Foodborne pathogens: hazards, risk analysis
and contro] Woodhead Publishing Limited, Cambridge.
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Woodhead Publishing Limited, Cambridge.
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WATSON, D (2001) Food chemical safety Volume 1: contaminaménodhead Publishing
Limited, Cambridge.



Part |

Hygiene regulation






2

The regulation of hygiene in food
processing: an introduction

R. Cocker, Cocker Consulting and Innovus BV, The Netherlands

2.1 Introduction

There is a steady increase in the involvement of regulatory and advisory
bodies in the area of food process hygiene. Major programmes are underway
to revise the nature of regulatory intervention, together with supporting
educational and accreditation programmes. There are a number of reasons for
this, especially highly publicised incidents such as BSE, Foot and Mouth
outbreaks in Europe, and a myriad of problems with individual products.
Examples include benzene in water, insecticide in soft drinks, dioxins in olive
oil, spent lubricant oil in animal feed, the offering of condemned chicken meat
for human consumption, ethylene glycol in white wine, and deaths and
hospitalisation caused by food poisoning. Many of these incidents are given a
high profile because they happen to international brands. Another factor can
be the political fallout as nation states impose import bans. The use of
pesticides, antibiotics, genetically modified organisms and hormones in
farming has also been causing concern amongst consumers and experts. The
sale of foods classed as organic has been rising quickly as people attempt to
exercise choices they feel may protect them. Food scares have dented
consumer confidence in the food industry.

We are starting to see ‘Farm to Fork’ approaches that consider the food
process to include the whole chain from supply of animal feeds, and the
farming of animals and crops, to industrial food processing and retail and
restaurant outlets. This is supported by moves in the developed countries of
the world to unify and consolidate control strategies and agencies, in order to
shift the balance towards prevention and to increase the effectiveness of food
safety programmes. In response to these and other concerns, in 1998 the US
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government commenced its coordinated ‘Food Safety Initiative’, with a
budget of $43 million in 1998 with a further $101 million in 1999. Australia
and New Zealand have, for example, pooled their efforts since 1995 in the
Australia and New Zealand Food Authority (ANZFA). This has led to the new
Joint Food Code, which became the sole ANZFA Food Standards Code by
late 2002. The first parts of this code became legally enforceable in February
2001. In the European Union, concerns about food safety have led to the
reorganisation of the European Commission’s responsibilities and the
formation of a centralised food safety authority, The European Food Safety
Authority (EFSA). In the UK, a new centralised Food Safety Agency,
mandated to protect the consumer, is increasingly setting policy and requiring
action.

Much of the new legislation and supporting instruments are based on the
internationally developed United Nations Food and Agricultural Organisation
(FAO) Codex Alimentariuscontributing to a national and international trend
towards harmonisation. Trading blocs as well as individual nations may exert an
influence on hygiene legislation beyond their geographical boundaries by
controlling hazardous imports. Europe and the USA may also have a significant
influence beyond their jurisdiction because of the fact that they have highly
developed legislation in the area of food safety. In the case of the EU, states
aspiring to membership may adopt the EU directives ‘off-the-shelf’ as part of
their own commercial, legislative and political strategies. Other neighbours such
as Switzerland implement adaptations of EU legislation to ensure they can trade
freely with the EU.

2.2 Risk management and HACCP

The most important international trend, supported by the F&@dex
Alimentarius,has been towards methodologies based on risk management,
such as the Hazard Analysis and Critical Control Point (HACCP) system.
Legislative and regulatory implementation is at various stages around the
world. The EU took the initiative in 1993 (Council Directive 93/43/EEC) by
making HACCP mandatory across the food industry. Implementation of the
Directive since then has proceeded considerably faster in some member states
than in others. In Australia, New Zealand and the USA, the pattern has been
one of introducing HACCP laws by industry sector. The Food and Drug
Administration (FDA) in the USA has made it abundantly clear that it sees
risk management via HACCP rather than increased frequency of inspection as
the way forward. A key challenge has been making the conceptual change
from fixed rules and threshold values to one of risk assessment and critical
control point methodologies. As an example, in The Netherlands, the
application of HACCP in various food-processing sectors is supported by
hygiene codes produced by Industry Associations under the control of the
Ministry of Health, Welfare and Sport (VWS). In a recent survey, it was noted
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that key definitions such aSritical Control Pointdid not agree between the
various hygiene codes, leading to potential problems for operators who might
be affected by a number of different codes (de Vreeze, M.E.J. and Bosboom,
M.M.M., ‘Harmonisatie van Nederlandse HygienecddeNederlands
Normalisatie-Instituut, March 1998).

Even within the EU, member states have been taking different approaches to
their duty under Directive 93/43/EEC Article 5 to provide guidelines and
support for HACCP implementation. As an example, Ireland has implemented
the directive in its mandatory standard 1.S.342: 198djde to Good Hygiene
Practice for the Food Processing Industrgetting minimum standards of
hygiene practice, and has supported this by establishing the voluntary standard
1.5.343-2000Food Safety Management incorporating Hazard Analysis and
Critical Control Pointas a basis for HACCP implementation. In addition to a
legal requirement for there to be a person with appropriate hygiene training at
each retail premises, the Dutch government has provided codes of practice for
small businesses such as food retailers. After a serious outbrdakcofi food
poisoning, the UK has implemented a full HACCP programme using a small
army of consultants to cover retail butchers’ premises.

HACCP implementation has occurred in various stages. At the highest and
earliest level, EU directives, just like ANZFA acts and FDA Codes, mandated
member states to implement corresponding state laws and regulations. These
were often introduced before being supported by relevant standards and
guidelines. Further support has been provided by guidelines and standards
produced in the first instance by voluntary bodies, but which, in some cases, are
promoted to the status of national or international standards. In the European
Union, the trend is towards guidelines for good practice together with
performance standards and tests. An important principle of approaches based
on risk management is that of verification and validation of systems to ensure
they are effective. This is an area which requires much more development by
legislators, inspectors, auditors and QA staff in the food industry.

Some countries have seen the need for ‘route maps’ as exemplified by the UK
Industry Guide to Good Hygiene Practice — Catering Guide ISBN 0-11-321899-
0, available from Her Majesty’'s Stationery Office (HMSO). This gives
information about whether certain procedures are a legal requirement (in the
UK) or just good practice. EU member states such as The Netherlands have an
accreditation scheme for independent auditors such as TNO, Bureau Veritas and
SGS, who work to maintain the standards of risk management carried out by
individual operators and their advisors (in the same way that these organisations
also perform accreditation services to ISO 9001 and ISO 14001, etc.). Similarly,
Ireland supports the application of 1.S.343-2000 within its borders. An overall
summary of the mix of laws and standards in the European Union, covering
hygiene issues, is given in Table 2.1.



Table 2.1 Legislation, official and voluntary standards on hygiene in food processing (adapted from de Vreeze, M.E.J. and Bosboom, M.M.M.,

‘Harmonisatie van Nederlandse Hygienecddbiederlands Normalisatie-Instituut, March 1998)

Jurisdiction Authority Laws Official standards

Voluntary standards

International World Trade Organisation SPS-Code Agreement on Sanitary ane-
Phytosanitary Measures

International Standards Organisation — ISO/TC 199 Safety of Machinery
(SC 2 Hygiene Requirements for
the Design of Machinery)

FAO/WHO Codex Alimentarius — —
Commission

Codex Committee on Food Hygiene

Codex Committee on Meat Hygiene
(CCMH)

Codex Committee on Milk and Milk
Products (CCMMP)

International Dairy Federation

Europe European Council 93/43/EEC Food Hygiene —

89/392/EEC Machinery Directive and
its amendments 91/368/EEC, 93/44,
93/68

ISO/DIS 15161 Guidance on the Application
of ISO 9001/9002 to the Food and Drink
Industry

ISO/CD 14159 ‘Hygienic Requirements for
the Design of Machinery’

Codex Alimentarius (Alinorm 97/13,
Alinorm 97/13A)

Code of Hygienic Practice for Unripened
Cheese and Ripened Soft Cheese (in
preparation)

Code of Hygienic Practice for Dried Milk
(CAC/RCP 31:1983)

Code of Hygienic Practice for Milk and Milk
Products (in preparation)
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2.3 International hygiene regulation

2.3.1 FAO/ WHO Codex Alimentarius

The FAO/WHO Codex Alimentariuscommittee specifically concerned with
food hygiene is the Codex Committee on Food Hygiene (CCFH). It has
produced the following standards:

» Draft Revised Recommended International Code of Practice — General
Principles of Food Hygiene ALINORM 97/13

» Draft Revised Guidelines for the Application of the Hazard Analysis and
Critical Control Point (HACCP) System ALINORM 97/13A.

The approved forward standards programme for the FAO/WBGdex
AlimentariusCommittee on Food Hygiene (CCFH) includes:

» Code of Hygienic Practice for Milk and Milk Products

» Hygienic Recycling of Processing Water in Food Processing Plants

» Application of Microbiological Risk Evaluation to International Trade

« Revision of the Standard Wording for Food Hygiene Provisions (Procedural
Manual)

* Risk-based Guidance for the Use of HACCP-like Systems in Small
Businesses, with Special Reference to Developing Countries

* Management of Microbiological Hazards for Foods in International Trade.

2.3.2 Codex Committee on Milk and Milk Products (CCMMP)

One of the earliest food sectors to see legislation on hygienic practice and
product safety has been the dairy industry. Over 40 years ago, the International
Dairy Federation (IDF) was already active in drafting compositional standards
for milk and milk products. The Joint FAO/WHO Committee of Government
Experts on the Code of Principles concerning Milk and Milk Products produced
the Code of Principles concerning Milk and Milk Products in 1958 at the
initiative of the IDF. The standards that the IDF elaborated as a non-
governmental body missed, however, official recognition by governments, as
there was no structure to obtain government approval. To establish regulatory
status for compositional standards, IDF requested the FAO and WHO to
convene a meeting of government experts to initiate a code of principles and
associated standards for milk and milk products. In 1993 the resulting Milk
Committee was fully integrated into the Codex system as the Codex Committee
on Milk and Milk Products (CCMMP)

IDF maintained its role as technical adviser to the new Codex Milk
Committee and its formal status is specified in the revised Procedural Manual of
the Codex Alimentarius Commission (ninth edition, 1995): ‘In the case of milk
and milk products or individual standards for cheeses, the Secretariat distributes
the recommendations of the International Dairy Federation (IDF).” Most of the
standards concern composition of dairy products, but a few are concerned with
hygienic practice:
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« Code of Hygienic Practice for Unripened Cheese and Ripened Soft Cheese
(in preparation)

» Code of Hygienic Practice for Dried Milk (CAC/RCP 31:1983)

» Code of Hygienic Practice for Milk and Milk Products (in preparation).

The International Dairy Federation is at http://www.fil-idf.org and its
publications, including a number of processing standards, are to be found at
http://www.fil-idf.org/catalogue.pdf.

2.4 European hygiene regulation

The laws applied by the national authorities have been harmonised at EU level
by a framework directive (see Chapter 3). This lays down the law for general
principles for the inspection, sampling and control of foodstuffs. It also provides
for inspectors to be empowered to examine, record and seize or destroy
foodstuffs which are unsafe or otherwise non-compliant. Offending premises
and traders can be prevented from continuing to produce food for human
consumption and fines can be levied. The framework Directive requires the
member states to inform the Commission of their control activities and provides
for EU-wide coordination through annual control programmes. In addition, the
Karolus programme provides for exchange of control officials. Some controls
are also undertaken at EU level. These are targeted at ensuring the adequacy and
equivalence of the controls applied by the national authorities and involve teams
of officials from the Commission in checking that the national systems are
capable of meeting these goals. However, as in Australia, New Zealand and the
United States, direct control is the responsibility of individual states.

The particular dangers arising from zoonotic diseases, like salmonellosis,
tuberculosis and viral contaminants, have led the Commission’s veterinary
inspectorate to control and approve establishments in countries which produce
food of animal origin for export to the European Union. Such products are also
controlled at the point of entry into the European Union. However, in the main,
food of non-animal origin has not been subject to this type of control, nor is the
importation of these foodstuffs into the EU restrictive.

In recent years food policy at international level has been moving in a new
direction, towards industry taking the responsibility for the control of the
foodstuffs it produces, backed up by official control systems. The European food
industry has been at the forefront of the development of preventive food safety
systems, in particular the Hazard Analysis and Critical Control Point (HACCP)
system, which requires the industry itself to identify and control potential safety
hazards. Control measures are decided and applied by industry, with a view to
producing safe food. The national authorities check that the controls are
adequate. Although initially introduced by industry and employed in a non-
mandatory manner, the success of this approach has led to it be included in
several directives.
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Thirteen product-specific hygiene directives cover products of animal origin,
from production to the point of distribution, and lay down detailed requirements.
On the other hand, one horizontal hygiene directive covers all other products,
with requirements based on good hygiene practices and HACCP principles. This
directive covers products throughout the food chain. It imposes the respon-
sibility for the safety of food and the prevention of unacceptable risks to the
consumer on the food industry. At the same time, it allows industry the
flexibility to meet its obligations by the most appropriate means available, and to
respond quickly to new pathogens or contaminants. This challenges industry,
particularly smaller businesses, to maintain a good technical understanding of
food safety. The production of voluntary business sector guidelines on hygiene
practices and HACCP, produced by industry in conjunction with the competent
authority in each country, provides the basis for common understanding. Backed
up by effective controls, this approach is intended to ensure a high level of
health protection. However, some standardisation of approach between sectors
and states as provided for in 93/43/EEC would be beneficial. Examples of the
implementation of national standards in support of EU directives are shown in
Table 2.2. EU directives which impact on food hygiene include:

« EEC 89/392/EEC Council Directive on the Approximation of the Laws of
the Member States Relating to Machinery — Amended by 91/368/EEC

« EEC 91/368/EEC Council Directive amending Directive 89/392/EEC on
the approximation of the laws of the Member States Relating to Machinery —
Amended by 93/44 and 93/68

« EEC 92/59/EEC Council Directive Concerning General Product Safety

e EEC 93/44/EEC Amendment to 91/368 — Council Directive on the
Approximation of the Laws of the Member States Relating to Machinery —
Amended by 93/68

e EEC 93/465/EEC Council Directive Concerning the Conformity
Assessment and Rules for Affixing the CE Mark

» EEC 93/68/EEC Amending Directives on CE Marking: 87/404/EEC, 88/
378/EEC, 89/106/EEC, 89/336/EEC, 89/392/EEC, 89/686/EEC, 90/85/EEC,
90/384/EEC, 90/385/EEC, 90/396/EEC, 91/263/EEC, 92/42/EEC and 73/23/
EEC

« EEC 94/62/EEC Council Directive on Packaging and Packaging Waste —
Amended by 97/129/EEC and 97/138/EEC.

The trend in the management of risk in the food processing chain is increasingly
towards ‘Farm to Fork’ initiatives. Amongst issues being addressed are:

« The exclusion of endemic animal disease which may affect humans, notably
BSE, scrapie an8almonellaSweden and Finland have laws and procedures that
have eliminatedalmonelladrom the animal and human food chain. Sweden has
been lobbying vigorously for the adoption of their approach at EU level.

e The control of antibiotic-resistant bacteria by banning the routine use of
antibiotics in animal feedstuffs. It has been argued that feeding antibiotics to



Table 2.2 Selected national standards on hygiene in food processing

Member country

Reference number

Title

Ireland I.S. 342: 1997 Guide to Good Hygiene Practice for the Food Processing Industry
I.S. 343-2000 Food Safety Management incorporating Hazard Analysis and Critical Control
Point
I.S. 3219 Code of Practice for Hygiene in the Food and Drink Manufacturing Industry
I.S. 340 Hygiene for the Catering Sector
I.S. 341 (Draft) Hygiene for the Retail and Wholesale Sector
Britain ISO/DIS 15161 Guidance to the Application of ISO 9001 and ISO 9002 in the Food and Drink
Industry
Alinorm 97/13A Draft Hazard Analysis and Critical Control Point (HACCP) System and
Guidelines for its Application
Germany DIN 10503 Food Hygiene — Terminology
DIN 10514 Food Hygiene — Hygiene Training
Draft Food Hygiene HACCP System Standardisation of Flow Diagram Symbols
DIN 10500, DIN 10500/A1, DIN 10501 Various standards for equipment, including testing
supplement, DIN 10501-1, DIN 10501-2,
DIN 10501-3, DIN 10501-3 supplement,
DIN 10501-4, DIN 10501-5, DIN 10502-4,
DIN 10504, DIN 10505, DIN 10507, DIN
10510
France FD V 01-001 Hygiene and Safety of Foodstuffs Methodology for Drawing up of Guides to

Good Hygiene Practice
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animals will lead to an increased prevalence of resistant genes in the
intestines of the animals. At slaughter, the carcass will inevitably be con-
taminated with bacteria containing these genes. The genes can be transmitted
to microbes in humans when the food is prepared or consumed and, in the
end, humans can get infections from microbes harbouring these genes,
causing treatment to fail. Several EU member states have in the past banned
routine feeding of certain antibiotics in addition to those not permitted at EU
level. Some such as Sweden have banned the routine non-therapeutic use of
antibiotics entirely, and following representations by the Swedish, Finnish
and Danish governments to, for example, Report from the Commission on
Antimicrobial Feed AdditivesSOU 1997:132, the Commission removed four
out of eight antibiotics from the list of authorised products. The four
(spiramycin, tylosin, virginamycin and bacitracin) all belong to groups of
antibacterials that are used in human medicine.

In Europe, three initiatives in particular address hygienic equipment
manufacture.

2.4.1 The EU Machinery Directive

The European Community Machinery Directive 89/392/EEC and its
amendments 91/368/EEC, 93/44/EEC and 93/68/EEC made it a legal obligation
for machinery sold in the EU after 1 January 1995 to be safe to use, provided the
manufacturer’s instructions were followed. Design of food machinery must
comply with EN1672-2. This requirement has vital implications for those
supplying all types of machinery, including that described as suitable for food
applications. In cases of breaches of food safety legislation, inspectors in the EU
can confiscate and destroy products and also close down operations that threaten
public health.

2.4.2 The European Hygienic Engineering and Design Group (EHEDG)
The European Hygienic Engineering and Design Group (EHEDG) develops
design criteria and guidelines on equipment, buildings and processing. They
have also developed equipment performance tests to validate compliance with
the design criteria. The emphasis on guidelines is in the spirit of avoiding
prescriptive, individual design specifications. The EHEDG is an independent
group currently with 23 specialist subgroups dealing specifically with issues
related to the design aspects of the hygienic manufacture of food products.
Research institutes, equipment manufacturers, food manufacturers and
government bodies are all represented (www.ehedg.org). It has also secured a
major EU grant under the Quality of Life Program (Fifth Framework) to provide
guidelines and training material (HYFOMA).

The EHEDG has formed links with ISO and CEN (the international and
European standards organisations), Japanese groups and, in the USA, the 3-A
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Table 2.3 Some organisations and bodies represented in the EHEDG

Research and government institutes Equipment Food
manufacturers manufacturers

Biotechnological Institute, Denmark Danfoss BSN

Bundesanstalt fuMilchforschung, Germany Sudmo Cargill

Technical University of Munich, Germany Tetra Pak H.J. Heinz & Co.

Bundesgesundheitsamt, Germany GEA Tuchenhagen ltalgel

Campden and Chorleywood Food ResearcthPV Kraft Foods

Association, UK Clextral Suchard

Food Standards Agency, UK Serac General Mills

College of Biotechnology, Portugal CMB Nestle

Institut National de la Recherche Fristam Rank Hovis

Agronomique, France Gasti McDougall

TNO, The Netherlands Robert Bosch Unilever

ATO BV, The Netherlands Hamba Danisco

University of Lund, Sweden Huhnseal Quest International

UTT Biotechnology, Finland KSB Amri Pepsi Cola

Technical University of Gdansk, Poland CFS
Institute Tecnologico Agroalimentario, Spaistork
Definox

Symbols Council and NSF International (formerly National Sanitation
Foundation). In the case of the 3-A Symbols Council, the link is now a formal
one. Standards are now being produced jointly with the FDA and USDA having
an effective say via the 3-A input. The first result was a joint guideline on the
passivation of stainless steel for hygienic use. The Executive Committee of
EHEDG has a seat on the Steering Committee of 3-A and vice versa.

The work of developing guidelines is undertaken via subgroups which publish
both clear recommendations for the hygienic and aseptic design and operation of
equipment, along with the best methods to confirm that the equipment fulfils
these requirements. These groups are drawn from equipment manufacturers,
technical organisations and manufacturers, chiefly from the food and
engineering industry. While such a list will inevitably be incomplete because
of the growth in membership, an impression of the composition of EHEDG is
given in Table 2.3. A series of guidelines have been or are being published in
various languages. Extended summaries are publishBetinds in Food Science
and Technologyublished by Elsevier (Table 2.4) (journals@elsevier.co.uk).

An example of the contribution made by the participants in EHEDG has been
the development of a new standard for hygienic/aseptic seals. Elastomeric seals
are one of the more common sources of failure in aseptic processing. After very
detailed study involving finite element analysis of the interaction of elastomeric
components and different seal and housing geometries, plus extensive cycles of
testing for cleanability and sterilisability, two superior new designs have been
produced and have been published via the German DIN standards organisation
as follows:
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Table 2.4 Summaries of EHEDG guidelines rrends in Food Science and Technology

Title Reference
European Hygienic Equipment Design Group (EHEDG) 3 (11) 1992 277
The EC Machinery Directive and Food-Processing Equipment 4 (5) 1993 153-154
Hygienic Equipment Design Criteria 4 (7) 1993 225-229
Welding Stainless Steel to Meet Hygienic Requirements 4 (9) 1993 306-310
Hygienic Design of Closed Equipment for the Processing of

Liquid Food 4 (11) 1993 375-379
Hygienic Pipe Couplings 8 (3) 1997 88-92
Hygienic Design of Valves for Food Processing 5 (5) 1994 169-171
Hygienic Design of Equipment for Open Processing 6 (9) 1995 305-310
A Method for Assessing the In-place Cleanability of Food-

Processing Equipment 3 (12) 1992 325-328
A Method for Assessing the In-place Cleanability of

Moderately-Sized Food-Processing Equipment 8 (2) 1997 54-57
A Method for the Assessment of In-line Pasteurisation of

Food-Processing Equipment 4 (2) 1993 52-55
A Method for the Assessment of In-line Steam Sterilisability

Food-Processing Equipment 4 (3) 1993 80-82
A Method for the Assessment of Bacteria-Tightness of Food-

Processing Equipment 4 (6) 1993 190-192
Microbiologically Safe Continuous Pasteurisation of Liquid

Foods 3 (11) 1992 303-307
Microbiologically Safe Continuous-Flow Thermal Sterilisation

of Liquid Foods 4 (4) 1993 80-82
The Continuous or Semi-Continuous Flow Thermal Sterilisation

of Particulate Food 5 (3) 1994 88-95
Hygienic Packing of Food Products 4 (12) 1993 406-411
Microbiologically Safe Aseptic Packing of Food Products 4 (1) 1993 21-25
Experimental Test Rigs are Available for the EHEDG Test

Methods 6 (4) 1995 132-134
Passivation of Stainless Steel 9 (1) 1998 28-32
A Method for Assessing the Bacterial Retention Ability

of Hydrophobic Membrane Filters 12 (1) 2001 36-38
Hygienic Design and Safe Use of Double-seat Mixproof

Valves 12 (5/6) 2001 203-206
General Hygienic Design Criteria for the Safe Processing

of Dry Particulate Materials 12 (8) 296-301

Challenge Tests for the Evaluation of the Hygienic
Characteristics of Packing Machines for Liquid and

Semi-liquid Products 12 (2001) 244248
The Prevention and Control afegionella spp(including

Legionnaires’ Disease in Food Factories 13 (2002) 380-384
Production and Safe Use of Food Grade Lubricants In press

Hygienic Design of Pumps, Homogenisers and Dampening
Devices In press
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« DIN 11864-1, Publication: 1998-07 Fittings for the food, chemical and
pharmaceutical industry — Aseptic connection — Part 1: Aseptic stainless steel
screwed pipe connection for welding

* DIN 11864-2, Publication: 1998-07 Fittings for the food, chemical and
pharmaceutical industry — Aseptic connection — Part 2: Aseptic stainless steel
flanged pipe connection for welding

Both can be found and ordered at: http://www.din.de/www_din/owa/
bn_f_einstieg.init?z_sprache=EN

2.4.3 CEN TC233 Safety in Biotechnology
The European Committee for Standardisation (CEN) Technical Committee 233 on
Safety in Biotechnology sets standards for equipment and procedures concerning
the processing of recombinant and hazardous organisms. This is likely to benefit
food process hygiene through the availability of additional CEN-approved
components. This committee has been funded by the European Community to
produce new European standards relating to safety in biotechnology. The intention
is to support and guide the (European) biotechnology industry in the imple-
mentation and regulation of activities governed by the European biotechnological
safety Directives 91/219/EEC, 90/679/EEC, 93/88/EEC and 90/220/EEC.
Participants in the formulation of draft standards have included academics,
equipment manufacturers, consultants, and manufacturers from process industries
including pharmaceuticals, food and fine chemicals, research organisations and
national standards bodies. Representatives have included EFTA countries, for
example Switzerland. The emphasis has been on performance rather than pre-
scription and on an approach based on hazard assessment and risk management.
The agreement of standards between parties with such a wide group of
perspectives and interests has taken considerable time and effort on the part of
those involved. This in itself is of substantial potential value as a platform for
improved safety and for greater freedom of trade and international activities in
biotechnology. In many cases, these standards have values beyond those
connected solely with safety. In the case of equipment, it will be possible for
components such as valves, couplings, separators, pumps, sampling devices, etc.
to be type-approved according to their cleanability, sterilisability and leak-
tightness. These hygiene-related performance ratings will have to be obtained by
recognised laboratories using documented test procedures and conditions (e.g. for
a mechanical seal: operating temperature, rotational speed, pressure, number of
hours of operation, sterilisation conditions and frequency, etc.). Equipment that
carries the CEN biosafety mark will have to be manufactured to a recognised
quality management system. Again, there is an emphasis on type testing and
certification of equipment, with similar control and documentation requirements
to those of the EHEDG tests. The idea of these tests is not to guarantee that a
particular type of equipment will pass validation in every installed circumstance,
but to give relative comparisons that can inform design choices.
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2.5 National hygiene regulation: the case of Scandinavia

Although Sweden and Finland are covered above as part of the EU, the
Scandinavian group of Norway, Sweden and Finland is covered here specifically
because of their distinctive and important approach to regulating the problem of
Salmonellaat source in the animal and human food chains. The Scandinavian
approach is widely seen as setting an example for other countries to follow. It is
also vital for companies wishing to export animal or human feed to these
countries to be aware of the compulsory controls that are involved, if they are
not to incur a risk of substantial losses.

In many countries, the endemic presence of pathogens susaliam®nella
and Campylobacterin domesticated animals and birds is accepted as
inevitable. In SwedenSalmonellacontrol was introduced for the first time
in 1961, following a serious epidemic 8f typhimuriunin humans in 1953, in
which some 90 people died and approximately 9000 were taken ill. The
source was discovered to be contaminated meat and meat products from a
slaughterhouse. This forced the introduction of new legislation. Since 1961
notification of all kinds ofSalmonellasolated in animals or animal feedstuffs
has been compulsory in Sweden. Continuous surveillance and control
programmes were initiated and animals from infected herds were banned
from sale. In the case of Sweden, thalmonellaControl Programme in farm
animals is the responsibility of the SBA (Swedish Board of Agriculture) and
the NFA (National Food Administration), who must be notifiedlmonella
is detected in animals or foodstuffs. Specially appointed veterinarians are
responsible for official inspection and sampling. The law considers food from
which any Salmonellabacteria have been isolated to be unfit for human
consumption. Detection ofSalmonella always triggers a number of
compulsory measures with the intent to trace and eliminate the infection
and its sources. Norway and Finland have similar laws and systems. Today
fewer than 1% of all animals and animal products for human consumption are
contaminated witlfSalmonellaContamination in slaughtering and processing
plants and retail outlets is rare, in contrast to most other countries in Europe
and in the USA, where it is not at all uncommon to fi@dlmonellabacteria in
raw chicken, beef, pork and eggs. In Sweden, Norway and Finland the
incidence of human infections is about 0.04% of the population per annum of
which approximately 85% acquired the disease while travelling abroad. In
other European countries the situation is reversed. This success has been
achieved by measures:

< to monitor and control the feed and water used in all types of holdings where
animals are kept, to prevent and excluB8almonellacontamination of all
parts of the food production chain

* to monitor and control the animal breeding stock at all levels, to prevent
Salmonella from being transmitted between generations in the food
production chain

 to monitor and control all other parts of the food production chain from farm
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to retail outlets, at critical control points wheBalmonellacan be detected,
and to prevenSalmonellacontamination in every part of the chain

» to undertake the necessary action in case of infection. This includes sanitation
of infected flocks or herds.

Neither antibiotics nor hormones are permitted for prophylactic treatment or
growth promotion in any farm animal, regardless of species. Such substances
can only be used for treatment of specific diseases, after prescription by a
certified veterinarian, and must be followed by a withdrawal period according to
legislation, during which meat, milk and eggs are considered unfit for human
consumption. In a survey in 1997 no illegal substances were found out of the
20000 meat samples from cattle, swine, sheep and horses that were analysed
from every slaughterhouse in Sweden.

In the case of pigs and cattle the aim is to monitor the animal population in
order to identifySalmonellainfected herds, to minimise the spread of infection
and to eliminateSalmonellafrom infected herds. The programme is officially
supervised, and consists of two parts:

1. Monitoring the situation by official sampling in slaughterhouses and
processing plants, the number of samples being decided by the number of
animals slaughtered.

2. Testing on the farms, in health programmes monitored by the Swedish
Animal Health Services, or when there is clinical suspicio®almonellan
sick animals.

If Salmonellas detected on a farm, the herd is put under official restrictions
which include specific hygienic measures in the herd, prohibition of the
movement of animals to and from the farm, and restricted contact with the herd.
Chronically infected animals are eliminated from the herd, with such slaughter
taking place only with special permission and according to special rules. An
official investigation to find the source of the infection is undertaken.

During 1997 close to 30000 samples were collected and analysed in
slaughterhouses and processing plants. In slaughterhouses a total of only three
Salmonellapositive lymph nodes from cattle and five from pigs were found, and
none were found in processing plants. That is a frequency of 0.08% for the
country as a whole. In processing plants, surface swabs from the carcasses are
analysed to detect whether the plant had been contaminat8dlimonellaOnly
two positive samples, from pigs, were found in 1997.

The five basics oSalmonellafree production of poultry are:

The day-old chick has to b&almonellafree.

Feed and water must I&almonellafree.

The environment has to be, and rem&@ajmonellafree.

The entire production chain has to be checked regularly.

Immediate action has to be taken where@almonellais detected,
regardless of serotype.

akrwbdpE
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There are two control programmes for birds while living on the farms, a
voluntary and a mandatory one, with identical testing schemes. Both of them
include production birds such as broilers, layer hens and turkeys, as well as
breeder birds and egg production. The voluntary programme started in the
1970s, while the compulsory programme was started about 10 years later.
Participation in the voluntary system is only possible if the higher levels of the
production chain for that farm (parent and grandparent flocks) are also members.
Farms not participating in the voluntary scheme are covered by the mandatory
scheme. Participation is obligatory if producers are to deliver poultry to the
slaughterhouse, or eggs to packing centres for retail sale.

The farms participating in the voluntary programme benefit from higher
compensation in the case of an outbreak (up to 70% in the voluntary programme
compared with up to 50% in the mandatory). In 1998 about 96% of the broiler
farms (counting for 98.5% of the produced poultry meat) and close to 25% of the
layer farms were members. All breeder flocks are members today, except a few
small ones. The high frequency of participation can be explained by the fact that
the government no longer pays the costs associated with an outbreak of
Salmonellain broiler flocks, and the insurance companies demand participation
to compensate the farmers. The industry also makes demands on their members
through their organisation Svenskdea.

Sampling of slaughter and processing plants for poultry is a substantial
element of the programme. The volume and frequency of sampling depends on
the size of the plant. In broiler farms, sampling is organised in combination with
an inspection of the farm, two weeks prior to slaughter. The birds are not
admitted to normal slaughter procedures unless proven negatiGalimonella
to avoid contamination of the plant, but are destroyeSafmonellais detected.

From 1998 this system is also compulsory for unusual birds such as ostriches.
If Salmonellds found, the infected flock, broilers and layer hens alike, as well
as turkeys and ostriches, are immediately destroyed, strict hygienic measures are
enforced on the farm and the source of infection is traced and eliminated. Eggs

where an invasive (that is transmitted within the eggs) seroty/gathonellas
detected are destroyed. On farms where non-inveSalmonellas present, the

eggs can be heat-treated and then sold. The layer hens where non-invasive
Salmonellas found, after special permission from the NFA, can be slaughtered
according to a special procedure, instead of being destroyed. Out of nearly 4000
yearly samples of poultry taken from slaughterhouses and processing plants
during 1996 and 1997, only two were positive each year, indicating a detected
frequency ofSalmonellaas low as 0.05%.

Feed companies must apply strict testing f®almonellaboth on raw
materials and on finished feedstuffs, as well as a strict hygiene programme, the
principles of which have existed for nearly 50 years. According to legislation it
is compulsory to heat-treat all industrial poultry feed, including the concentrates.
A strict separation between processed feed and unprocessed raw materials is
compulsory in all plants. In 1996almonellawas found in only 0.5% and in
1997 in 0.6% of the approximately 6000 analyses performed in the process
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control. This control system for animal feed is the strictest in Europe and
probably in the world.

The National Veterinary Institute, The Swedish Board of Agriculture and the
National Bacteriological Laboratory undertook a cost-benefit analysis of the
Salmonellaprogramme in 1994. It compared the annual costs arising from
human salmonellosis and the annual cost of control measures in order to prevent
and/or minimise the extent ddalmonellainfection in domestic and imported
animals (poultry, cattle and swine) and in animal products. The analysis
concluded that the cost of control in most instances would be much lower than
the financial cost of treating human salmonellosis cases, should the controls
cease. Total annual costs, at 1992 prices, were estimated at between 112 and 118
million SEK with a control programme in effect, whereas the costs would be
between 117 and 265 million SEK without one. Costs for investigating
outbreaks and control by local and regional authorities were not estimated. If
these and other losses for pain and suffering, loss of leisure time, and
productivity losses in factories and establishments dugalmnonellaoutbreaks
were included, the estimated benefits would increase considerably. Sources for
the Swedish programme include:

» SwedishSalmonellaControl Programmes for Live Animals, Eggs and Meat,
1995-01-16

* WHO/Zoon./94.171, sid 16-32: A. Engvall, Y. Andersson, F. Cerenius: 3.
The Economics of SwedisBalmonellaControl: a Cost/Benefit Analysis

« Jordbruksverkets rapport 1998:18almonellaoch andra zoonoser hos djur

» Livsmedelsverkets rapport 6/98: Examination of residues in fresh meat and
live animals

« Livstecknet nr 3/98, sid 6: Catharina Berge, Ingrid Nordlander: 20 000
kottprover analyserade 1997

e Commission of the European Communities XXIV/1252/97: Draft report on a
Veterinary Inspection Mission in Sweden concerning $a¢monellaControl
Programme in Poultry and the Implementation of Council Directives 90/539/
EEC and 98/117/EEC

» Livsmedelsverkets rapport till EG-kommissionen 1998: Rapport om de
erfarenheter som vunnits “friakontroll av Salmonellaifraga om Kt fran
djurslagen fig svin och fijalerfaoch ifraga om levande fiderfafor slakt, och
tillampningen avSalmonellgarantier inom handeln.
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Hygiene regulation in the EU

M. Fogden, Meat and Livestock Commission, Milton Keynes, UK*

3.1 Introduction

A series of food scares has reduced consumer confidence in food safety even
though the risk from food is generally extremely low. It is important to
reassure consumers and restore their confidence. This requires elimination of
the basis for their concern, by the industry promising and providing safe food
with the application of quality management systems that will guarantee this.
The industry is achieving this, and independent auditing of these systems to
demonstrate their performance is becoming increasingly common. Appro-
priate hygiene must be applied as necessary during all stages preceding the
consumption of food to ensure that it is safe. It is apparent that this, and
improved public awareness of it, are fundamental to the maintenance of
consumer confidence. It also aids business profitability by reducing losses.
Such efforts will not, however, prevent illness caused by subsequent
unhygienic consumer activities. There must be an adequately equipped and
controlled environment and appropriate hygiene procedures for the
production, handling, storage, distribution and supply of food ingredients,
packaging materials and foods. This may be based on detailed prescriptive
controls providing a rigid guarantee of safe working, or a more flexible
management system based on the control of objectively assessed risk, or a
combination of these. In each case, implementation must be under the control
of food business operators, who are responsible for ensuring that the products
they supply are safe. A regulatory regime with effective enforcement is also
necessary to deal with residual errors, failures and especially abuses.

* This chapter expresses the personal views of the author and must not be attributed to MLC.
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The nature and application of this regime is the topic of this chapter. It covers
the structure of the control system, before examining the EU legal requirements.
There is legislation generally applicable to retailing and catering for all foods,
and to the whole supply chain for many foods. There are also specific
requirements applicable only to the production of foods of animal origin on an
industrial scale and in those smaller businesses that are caught by these rules and
therefore require similar controls to be in place. The chapter then considers
future trends before providing a short list of sources of further information.
Other chapters also include hygiene-related information.

3.2 Hygiene regulation in the EU: key themes

From early in the development of the European Community, its member states
moved towards harmonised food hygiene control through Community laws.
Attention was given initially to the more perishable commaodities, particularly
when they cross frontiers between those states.

3.2.1 Horizontal and vertical control measures

The European Commission developed legislation for products of animal origin
within the Common Agriculture Policy, in a set of ‘vertical’ directives, each
covering a restricted range of foodstuffs, usually in considerable detail and
including some non-sanitary matters. They contain numerous inconsistencies,
often for no obvious technical reasons (Fogden, 1994-96).

The existing Community hygiene controls on products of animal origin were
reconsidered during the period around 1990 when the single market was being
created. With the elimination of border controls, there was concern that food
obtained under less stringent national rules could enter other states without
further checks or controls. It was decided to harmonise the national production
and trade requirements to a similar standard to eliminate this, so existing
directives were updated. A ‘horizontal’ directive providing general hygiene rules
for matters and foods not covered by the vertical legislation was added.

Hygiene rules cannot be considered satisfactory unless those concerned in
their application and enforcement can interpret them effectively and
consistently. They must be capable of ensuring the protection of public health
and should be adequately flexible to satisfy diverse but essential needs. In many
cases this is the situation, but improvements are possible. Thus a group of
directives was adopted to ensure hygienic production and marketing of all foods.
There were difficulties (e.g. with proposals for minced meat hygiene controls —
see Section 3.6), but most vertical measures were adopted by September 1992
and the horizontal directive on the hygiene of foodstuffs (93/43/EEC) followed
in June 1993 (Table 3.1). The latter is enforced under national food control
systems while the vertical rules are under veterinary control. Legislation also
covers the importation of foodstuffs from third countries into the Community,
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Table 3.1 EEC/EC food hygiene directives and decisions

Number oJ Date Pages
Directives

64/433/EEC 121 29 July 1964 2012
71/118/EEC L 55 8 March 1971 23
77/99/EEC L 26 31 January 1977 85
80/778/EEC L 229 30 August 1980 11
85/374/EEC L 210 7 August 1985 29
88/657/EEC L 382 14 December 1988 3
89/397/EEC L 186 30 June 1989 23
90/667/EEC L 363 27 December 1990 51
91/67/EEC L 46 19 February 1991 1
91/492/EEC L 268 24 September 1991 1
91/493/EEC L 268 24 September 1991 15
91/495/EEC L 268 24 September 1991 41
91/497/EEC L 268 24 September 1991 69
91/498/EEC L 268 24 September 1991 105
92/5/EEC L 57 2 March 1992 1
92/45/EEC L 268 14 September 1992 35
92/46/EEC L 268 14 September 1992 1
92/48/EEC L 187 7 July 1992 41
92/118/EEC L 62 15 March 1993 49
93/43/EEC L 175 19 July 1993 1
94/65/EC L 368 31 December 1994 10
98/83/EC L 330 5 December 1998 32
1999/34/EC L141 4 June 1999 20
2000/13/EC L109 6 May 2000 29
Decisions

93/51/EEC L 13 21 January 1993 11
94/371/EC L 168 2 July 1994 34
2001/471/EC L 165 21 June 2001 48

with a series of decisions listing the individual establishments that have been
approved.

3.2.2 The scope of regulation: what is hygiene?

Article 2 of the horizontal ‘General Food Hygiene Directive’ (93/43/EEC)
defines ‘food hygiene’ as ‘all measures necessary to ensure the safety and
wholesomeness of foodstuffs’ and applies during ‘all stages after primary
production’, this including harvesting, milking and slaughter. Circuitously and
somewhat unhelpfully, it then defines ‘wholesome food’ as that ‘which is fit for
human consumption as far as hygiene is concerned'.

A draft replacement Regulation (see Section 3.5.3) for this Directive
defines ‘food hygiene’ as ‘the measures and conditions necessary to control
hazards and to ensure fithess for human consumption of a foodstuff taking
into account its intended use’. This document (ref. 9240/2/02 REV2, of 24
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June 2002) was agreed politically but has not yet been adopted (August
2002).

The vertical hygiene directives are primarily aimed at controlling hygiene but
include other rules that target the control of quality and the provision of
information to a purchaser through labelling. Such aspects are certainly
important in their own right in ensuring good product quality and in providing
information and assurance to consumers about the foods that they intend to
consume, but they do not always fit within ‘hygiene’ as defined above. The
juxtaposition of these elements can be confusing (Fogden, 1994-96, Part 7),
especially as they were developed by specialist veterinary officials with a
limited understanding of general food law. Some of these initiatives are worthy,
but if specific controls are needed, they would be better placed outside these
hygiene directives. Many are already covered in principle in horizontal
directives, for example in the Food Labelling Directive (2000/13/EC), which
requires food to be labelled appropriately and in accordance with general and/or
detailed rules. A review has addressed these concerns (see Sections 3.5.3 and
3.7.1).

3.2.3 Rigid control systems or risk management

Hygiene rules must be applied broadly to the production of food and its supply
chain to provide effective protection against food safety problems. Moreover,
operators should not confine themselves to compliance with legislated generic
hygiene measures but should also consider whether additional precautions or
control systems are required in the particular circumstances of their businesses.
Increasingly, risk management systems are being introduced. These are
commonly based on the Hazard Analysis and Critical Control Points (HACCP)
system developed originally for microbiological control of foods intended to be
consumed in American space missions. A comprehensive, properly implemented
risk management system based on HACCP can make a very significant
contribution to ensuring food safety (see Sections 3.2.4 and 3.5.3).

Some hygiene directives demand risk management, to different extents, but
many vertical directives rely on rigid requirements specified in considerable
detail. These cover all businesses in that category, rather than permitting
controls that are adequate and sufficient for particular circumstances. These
provide no encouragement to an operator to introduce appropriate risk
management systems with different and probably less onerous controls, since
these must be introduced in addition to the prescribed requirements. Other
directives apply an HACCP-based procedure on top of prescriptive controls
specified to varying levels of detail and complexity.

Hygiene deals with the preservation of health, and a hygienic business should
control the risk of illness resulting from the operations carried out on its
premises. Implementation of the necessary controls also gives advantages in
maintaining product quality. There are three main requirements:
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1. Avoid contamination of the food in the first place.
2. Avoid the spread of contamination.
3. Eliminate harmful contamination.

3.2.4 Hazard Analysis and Critical Control Points (HACCP)

HACCP is recommended by leading health authorities including the WHO/FAO
Codex Alimentarius Commission (‘Codex’) as the basis for hygiene risk
management. Specialist texts and advice on HACCP are readily available. Itis a
seven-stage system which examines the production process and determines the
critical points that need to be controlled in order to ensure food safety. The seven
principles of HACCP are as follows (Codex Alimentarius, 1997b):

Conduct a hazard analysis.

Determine the critical control points (CCPs).

Establish critical limit(s).

Establish a system to monitor control of the CCPs.

Establish the corrective action to be taken when monitoring indicates that a
particular CCP is not under control.

Establish procedures for verification to confirm that the HACCP system is
working effectively.

7. Establish documentation concerning all procedures and records appropriate
to these principles and their application.

agrwdE

o

The Codex HACCP Code gives further guidance. This includes the following:

« A food chain sector should already be operating according to Codex General
Principles of Food Hygiene (Codex Alimentarius, 1997a), other appropriate
Codex Codes of Practice and food safety legislation before the application of
HACCP.

* Management commitment to HACCP is essential for the implementation of a
HACCP system.

* Redesign of an operation may be necessary if a hazard requiring control is
identified but no CCP can be found.

« Each operation should be subject to HACCP, and reviewed as necessary.

» Be flexible in applying HACCP, taking account of all the circumstances.

Until recently, HACCP was not formally required as such by any EU food
hygiene legislation, although substantial parts of the principles of HACCP were
incorporated in some areas, including the General Food Hygiene Directive
(Section 3.4.2) and the directives controlling meat preparations and products.
Commission Decision 2001/471/EC, however, required the introduction by 8
June 2002 of risk management procedures developed in accordance with the
HACCP principles in fresh meat and poultry meat establishments subject to the
vertical control mechanisms, although this could be delayed for a year in small
establishments. This Decision also laid down procedures for microbiological
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checks in such premises. In general, however, vertical EU controls are based on
prescriptive detail rather than self-control. The attitude and/or knowledge
required for effective self-control of hygiene risks is lacking in some food
businesses, and it is likely that at least some prescriptive rules will continue to
form the basis of legislated requirements for some time.

However, the global trend is towards self-regulation, and it is appropriate to
provide a legislative system that permits this for businesses that can demonstrate
relevant competence and effectiveness. These could then profit from derogations
from the prescriptive requirements, giving them flexibility in the system they
introduce and avoiding unnecessary expense occasioned by redundant measures.
It is easier to enforce detailed rules than to assess individual systems of control,
SO inspectorates need to be trained to ensure that they are able to satisfy
themselves that food hygiene standards are being met (Section 3.7.3). This is
already a problem, since there is a requirement in the General Food Hygiene
Directive for an HACCP-based system to be in place. Such systems are currently
weak at best in many premises where there is an apparent lack of understanding,
competence or application. There is still a considerable need for education and
encouragement, probably before resorting to strong enforcement (except in
dangerous situations). The so-called ‘honeymoon period’ cannot, however, go
on forever.

The experience of a successful British initiative may provide a slightly
cautionary note. As a result of the 1996 fatal coli O157:H7 outbreak in
Scotland, the government introduced legislation in 2000/01 requiring all shops
handling unwrapped raw meat and also supplying ready-to-eat foods to
implement an HACCP system or, in Scotland only, to introduce stringent
physical separation of the two types of food. In England, the Meat and Livestock
Commission managed a government-funded project costing almost 10 million
euros, which trained about 6000 butchers in HACCP techniques in 18 months,
employing a large proportion of the HACCP trainers in the country.
Proportionate amounts were provided to Scotland, Wales and Northern Ireland,
although these were used for enforcement activities (including training) rather
than being ring-fenced for training. Clearly the introduction of HACCP across
the EU in all food businesses, whether simultaneously or over an extended
period, would have extensive resource implications and certainly could not be
fully achieved within a couple of years.

3.3 Enforcement of hygiene regulations

The nature of EU directives is that they have to be implemented through national
legislation, unlike its regulations and decisions which apply automatically. Each
member state must introduce its own measures to implement each directive
within a specified period, to achieve the objectives agreed and set out in the
directive. So, for example, in Britain the General Food Hygiene Directive has
been implemented by the Food Safety (General Food Hygiene) Regulations
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1995 which largely repeat the directive’s provisions but are drafted according to
the national legal tradition.

The vertical directives were originally proposed as regulations. However, the
member states decided not to control food hygiene in this inflexible manner but
as directives, the form proposed for the horizontal measure. These allow
governments to implement the controls, meeting the objectives, in ways that suit
national or cultural preferences. There are, however, opportunities for incon-
sistencies. Harmonised rules can be introduced effectively through directives,
but the result is less uniform than when regulations are introduced directly and
simultaneously into each state. This, with possible variability of enforcement,
can result in unfair competition and protectionism. The Commission monitors
the position to avoid this.

3.3.1 Official control

National governments are required by the Official Control Directive (89/397/
EEC) to enforce food hygiene legislation. This is devolved in many states to a
local level through municipal or regional authorities, indicating that a
coordinating system should be in place to improve consistency. National
enforcement officials interact on a European basis through the Food Law
Enforcement Practitioners’ forum. Official inspections of production and supply
establishments are often supplemented by audits by customers or specialist
inspection bodies. These may apply stricter standards than are required by law,
and the consequences of failure may be painful and immediate, through loss of
business rather than an extended enforcement procedure. In such cases, the
official control system can be almost redundant.

3.3.2 Veterinary and non-veterinary enforcement

As indicated previously, the vertical directives are based on veterinary
supervision whereas the horizontal directives are not. This can cause difficulties,
even friction, where the two systems are controlled by separate national or local
authorities. Improved cooperation and administrative coordination would help in
some states and it is desirable that legislators improve the interface by reducing
some differences between the requirements, which can be confusing.

3.3.3 Civil liability for hygiene failure

It is the responsibility of every business proprietor active in the food chain to
ensure that they provide products that will help to ensure consumer safety,
whether these be equipment, ingredients or final products. It is worth
remembering that the Product Liability Directive (85/374/EEC) places strict
liability on suppliers of all goods, previously excluding primary agricultural
products in most member states but now extended to these (Directive 1999/34/
EC). This legislation assists injured persons to make a claim for damages in civil
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law. Claimants need only prove damage to themselves (or their property, subject
to a minimum value), and that the damage was caused by a defective product for
which the producer was responsible. They do not have to show that there was
any fault in what the producer did, or did not do, or that there was any
negligence on the part of the producer. Moreover, that liability begins at the end
of the chain, with the business supplying the injured person, and passes back
down the chain to the original producer of the goods only if each link is able to
state from whom they obtained the defective product. Effective traceability is
therefore essential for every item purchased by a food business, to transfer
liability to the person who is properly responsible for the defect. Appropriate
insurance may also be helpful, in case such transfer is impossible.

3.3.4 Consumer aspects

Customer expectations must be met, if food businesses are to thrive. Since
hygiene is one of their fundamental demands, satisfying this is clearly high in
the list of priorities for business success. It is believed that a consumer seeks
both safe food and confidence that this is being provided. Given that confidence,
most will not ordinarily concern themselves with production hygiene. They may
well, on the other hand, rightly react strongly against visibly poor hygiene where
food is supplied to them. That does not provide any excuse for poor hygiene
where consumers are not able to see what is going on; nor is it acceptable to
apply hygiene in such places only when an official control inspector is
performing an inspection. In any case, expert inspectors are usually able to
perceive this.

Regrettably, nowadays consumers in some states are less aware of and less
competent in hygiene than previous generations because they have not received
sufficient relevant instruction at home or education at school. It is therefore essential
that sufficient hygiene instructions are presented in the labelling of food, although
manufacturers of food products often properly argue that it is not their task to
compensate for lack of general instruction. It is then the responsibility of the
consumer to read that information — but regrettably many fail to do so. Better
consumer education is necessary in hygiene and in the need to recognise their
responsibility in maintaining the hygiene put into the foods and food ingredients
they purchase.

Criminal legislation requiring consumers to prepare and serve food
hygienically would generally be impractical to enforce and undesirable, except
perhaps where gross faults cause serious illness or death (although civil
remedies do already exist). It would most probably not reduce significantly the
enormous amount of minor food poisoning caused every year by consumers,
resulting in discomfort, pain and inability to work.
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3.4 The General Food Hygiene Directive (93/43/EEC)

This directive follows the vertical directives’ format in comprising a number of
articles providing general requirements together with annexed detailed
provisions on particular control areas (see Table 3.2).

3.4.1 Essential requirements

These are set out in Article 3 of the directive. Fundamentally, Article 3(1)
requires ‘preparation, processing, manufacturing, packaging, storing, trans-
portation, distribution, handling and offering for sale or supply of foodstuffs [to]
be carried out in a hygienic way’. In practice, the General Food Hygiene
Directive controls most retailers, caterers, the production and supply of all foods
that are not of animal origin, and all other food businesses that are not controlled
under the vertical directives. Put simply, every part of the food supply chain
must be hygienic. Article 3(2) deals with risk management (see Section 3.4.2)
and Article 3(3) requires food businesses to meet the specific hygiene rules laid
down in the annex to the directive (see Section 3.4.3).

Table 3.2 Structure of the General Food Hygiene Directive

Article Principal areas covered
1 Scope
2 Defines ‘food hygiene’, ‘food business’ and ‘wholesome food’
3 Requires hygiene and risk management throughout the food chain
4 Allows for microbiological and temperature control criteria
5 Industry hygiene guides
6 EN 29000 standards
7 Additional national hygiene requirements
8 Official control
9 Enforcement
10 Third country imports — safeguard measures
11 National prevention of health risks
12 Competent authorities
13 Adoption of international standards
14 Adoption of additional requirements
15 Review of implementation
16 Entry into force
17 Applicability to all member states Annex — detailed requirements
Il Various types of premises
\Y Transport
\% Equipment
\ Food waste
VIl Water supply
VI Personal hygiene in food handling areas
IX Raw materials, intermediates and finished foods

X Training
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Article 5 allows for the development by the industry of guides to good
hygiene practice, in collaboration with interested parties. Codex principles may
be applied. If a national competent authority believes that such a guide meets the
requirements of Article 3, it must forward it to the European Commission which
will make it available to the other member states. These guides do not have the
force of law, for there is quite properly no requirement to follow such guidance,
since any other means of complying with the legislation is just as acceptable.
However, they have strong persuasive value, and proof of compliance with a
recognised guide would be very helpful against an enforcement challenge.
European guides may be developed in due course, which would take account of
existing national guides but apply throughout the EU.

Article 7 allows member states to introduce national hygiene legislation
that exceeds the requirements in the directive provided they do not restrict,
hinder or bar intra-Union trade in relevant food. This has been done in some
states, which have, for example, introduced temperature controls. National
temperature/time hygiene legislation has not yet been harmonised by the
Community. The horizontal directive provides for this in Article 4. Currently
it specifically requires such control only for microbiologically perishable
foods and hot-processed foods which are to be held or served chilled (Annex,
1X).

3.4.2 Risk management

Article 3(2) requires all food business operators controlled under this legislation
to carry out a risk analysis based on the following HACCP principles (it omits
the verification and documentation stages):

« Analysis of the potential food hazards in a food business operation

« Identification of the operational points where food hazards may occur

» Decision as to which of the points are critical to food safety (thus establishing
the critical control points — CCPs)

» lIdentification and implementation of effective control and monitoring
procedures at those CCPs

* Review of the analysis and risk management system periodically and when
the food business operations change.

This has been a legal requirement since 1996. The law does not currently
specifically require documentation of the risk assessment and management
system, or of the results of reviews. However, it is suggested that this is in fact a
requirement wherever a food business could not reasonably maintain an
effective system in place in the absence of documentation. This is thought to be
the case in all businesses of any substantial size or operational complexity.
Moreover, the presentation of a documented record to an enforcement authority
or court is likely to be more persuasive that the requirement had been complied
with than unsupported statements. Food businesses are therefore urged to make a
reasonable effort to record their assessments, systems and reviews; such
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documentation may be required in future, and this is already the case in many
British butchers’ and other shops (see Section 3.2.4).

3.4.3 Annex

This provides limited specific controls concerning the structure and facilities in
food premises (Chapters I-lll). Chapter | provides rules applicable to food
premises other than movable and temporary ones, which are subject to the rules
in Chapter Ill. Chapter Il specifies rules that apply to all rooms where food is
prepared, treated or processed except dining areas and rooms covered by
Chapter 1ll. These chapters require appropriate design and construction of
premises to permit good hygiene practices, with temperature control (if
necessary), sufficient washbasins and lavatories, ventilation, lighting, drainage
and changing facilities. There must be protection against risks of contamination
and cross-contamination. The premises, including working surfaces and
equipment, must be kept in a sound condition and be easy to clean and
disinfect. Additional requirements may result from the application of Articles
3(1), 3(2) or 7 (see Sections 3.4.1 and 3.4.2).

Chapter IV deals with transport, requiring vehicles and containers to be
suitable, with temperature control where appropriate, and in sound condition.
They must be able to be cleaned where necessary, especially between loads
of different foods, or between foods and non-foods. Mixed loads must be
properly separated to avoid contamination. Dedicated receptacles, containers
or tankers marked ‘for foodstuffs only’ must be used to transport food in
bulk. Chapter V similarly requires articles, fittings and equipment that come
into contact with food to be kept clean, properly maintained and in good
condition.

Chapter VI prohibits the unavoidable accumulation of waste in food rooms,
and requires food waste and other refuse to be stored in closed or approved
containers, again clean, sound, easy to clean and disinfect. Chapter VII requires
potable water to be supplied; this must be used wherever necessary to ensure
food hygiene, including in the preparation of ice. Other water may be present in
the premises (e.g. for steam generation and fire control) but must be kept
separate from the potable supply and clearly identified as non-potable.

Personal hygiene is essential. All the other controls will not ensure food
safety if the staff contaminate the food because they are dirty, do not wear
protective clothing or are liable to transmit diseases. Chapter VIII deals with
this, with the second paragraph banning specified people from being allowed to
work in food handling areas in a way that could lead to direct or indirect
contamination of food with pathogenic micro-organisms. These are people who
are known or suspected to suffer from, or be a carrier of, a disease likely to be
transmitted through food and also people with infected wounds, skin infections,
sores or diarrhoea. It is essential that food business proprietors persuade their
staff to declare such incapacities so that they can be put onto tasks where there is
no risk of contaminating food. It is important to note that the rule applies to
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anybody, not just those employed as food handlers, whose presence working in
any food handling area puts the food at risk.

Chapter IX prohibits acceptance of raw materials or ingredients that are, or
are likely to be, ‘so contaminated with parasites, pathogenic micro-organisms or
toxic, decomposed or foreign substances’ that they would still be unfit for
human consumption after passing through normal hygienic sorting, preparatory
and processing procedures. Raw materials and ingredients that do enter the
premises must be properly stored, handled and used to prevent harmful
deterioration and contamination. Food must be protected from contamination
that is likely to make it unfit for human consumption, injurious to health or
contaminated in such a way that it would be unreasonable to expect it to be
consumed in that state. Pests must be controlled. Temperature controls must be
in place where this is necessary to prevent a risk to health from the growth of
pathogenic micro-organisms or the formation of toxins, although brief periods
outside such control are permitted for practical reasons. As mentioned
previously, hot foods to be held or served chilled must be cooled as quickly
as possible to a safe temperature. Hazardous and inedible substances, including
animal feedstuffs, must be adequately labelled and separated in secure
containers. In essence, this chapter requires all reasonable precautions to be
taken to prevent food being put at risk by contamination during its preparation,
storage and handling.

Chapter X is as important as the other provisions. It requires that ‘food
handlers are supervised and instructed and/or trained in food hygiene matters
commensurate with their work activity’. There is no point in having a set of
safety rules in place if those working in the premises do not know what is
expected of them, and adequate supervision is essential to trap potential failures
and other problems. If appropriately carried out, training can instil a sense of
ownership into the workforce, and this can be very effective in ensuring that a
correct attitude and approach is maintained at all times.

3.5 Specific (vertical) hygiene directives applicable to
particular foodstuffs

These directives apply to the industrial-scale production of foods of animal
origin but also to some smaller businesses, such as butchers who prepare meat
products and sell them to other retailers for onward sale. This can cause
problems because of the inflexibility of the requirements.

3.5.1 The legislation

Most EU hygiene and other legislation can be accessed on the Internet (through
http://europa.eu.int/eur-lex/). A selection of the principal hygiene directives is
listed in Table 3.3 (excluding specialised measures such as those on veterinary
residues and transmissible spongiform encephalopathies). These directives are
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Table 3.3 Vertical hygiene directives

Product Directive Date adopted
Fresh red meat 64/433/EEC 26.6.1964
Fresh poultry meat 71/118/EEC 15.2.1971
Meat products 77/99/EEC 21.12.1976
Egg products 89/437/EEC 20.6.1989
Aquaculture animals/products 91/67/EEC 28.1.1991
Live bivalve molluscs 91/492/EEC 15.7.1991
Fishery products 91/493/EEC 22.7.1991
Rabbit meat and farmed game meat 91/495/EEC 27.11.1990
Wild game meat 92/45/EEC 16.6.1992
Milk and milk products 92/46/EEC 16.6.1992
Fishery products on vessels 92/48/EEC 16.6.1992
Other products of animal origin 92/118/EEC 17.12.1992
Minced meat and meat preparations 94/65/EC 14.12.1994
Animal waste 90/667/EEC 27.11.1990

supplemented by Decisions such as those relating to cooked crustacea and
molluscs (93/51/EEC) and eggs (94/371/EC).

3.5.2 Areas of control: an example

In general terms, the vertical directives apply to the food chain up to primary
processing, which includes harvesting, milking and slaughter. They apply to the
industrial production, processing, treatment, inspection, marking, labelling,
storage, supply, transportation and related operations, i.e. to the production and
‘placing on the market’ of various foods of animal origin, but not to their retail

sale nor to their supply to consumers by way of catering.

How do the vertical controls apply to the production and placing on the
market for human consumption of products of animal origin? The Fresh Meat
Directive (64/433/EEC) provides an example. This directive was adopted in
1964 but its text was updated and replaced from 1993 (Directive 91/497/EEC).
Temporary derogations were available in the discretion of national authorities
(Directive 91/498/EEC) for premises that were unable to comply with the new

requirements. Those derogations applied only to structural aspects, not hygiene,
and the meat from such establishments had to be distinguished from meat from
fully compliant premises.

This directive applies only to the supply of meat from domestic bovine
animals, swine, sheep, goats and solipeds. ‘Meat’ here means all parts of such
animals that are suitable for human consumption. ‘Fresh meat’ means any
‘meat’ that has not been treated; applying cold treatment to preserve meat,
whether or not it is wrapped under vacuum or under a controlled atmosphere,
does not count as treating it for these purposes. It is believed that many of the
requirements of this and similar directives could be replaced by a risk analysis
and management procedure supplemented by veterinary recommendations.
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Premises

The Fresh Meat Directive applies throughout the supply chain, from lairage
preslaughter, veterinary inspection of the animals through the various stages of
production (including cutting, packaging and health marking), to the storage and
transportation of the product. It applies to slaughterhouses (abattoirs), cutting
plants and cold stores but not to the cutting and storage of fresh meat ‘performed
in retail shops or in premises adjacent to sale points, where the cutting and
storage are performed solely for the purpose of supplying the consumer directly
on the spot’. This effectively eliminates most independent butchers’ shops from
the controls unless they also sell meat to anyone except domestic purchasers and
caterers.

A feature of the vertical directives is that they require the national competent
authority to approve the premises, equipment and activities carried out there
before the product can be supplied for human consumption. The General Food
Hygiene Directive has no such requirement for prior approval. Structural
requirements for establishments producing fresh meat are contained in Annex I.
Derogation is permitted by Article 4 for some establishments based on their
limited throughput. This is measured in ‘livestock units’ (LU) for
slaughterhouses (adult bovines and solipeds LU; other bovines= 0.5 LU;
pigs over 100 kg liveweight 0.2 LU; other pigs= 0.15 LU; sheep and goats
0.1 LU; lambs, kids and piglets below 15 kg liveweight 0.05 LU).
Slaughterhouses are generally categorised as ‘low throughput’ if they handle
less than 20 LU/week and less than 1000 LUlyear, as are cutting plants
producing not more than 3 tonnes of meat per week.

Annex |, Chapter |, provides detailed structural requirements covering the
quality, cleanliness and condition of walls, floors, drains, changing rooms with
lavatories and washbasins, doors, ceilings, insulation, refrigeration, ventilation
and lighting, water, hand cleansing and disinfection; taps must not be hand-
operable. Tool cleansing and disinfection facilities must be provided, in
convenient positions and supplied with water at not less than 82°C. Protection of
meat during loading and unloading is necessary, as are pest control and secure
containers or a lockable room to store meat not intended for human consumption
—and a lockable room for the exclusive use of the supervising veterinary service.
Chapters I, lll and IV of Annex | provide further requirements for
slaughterhouses, cutting plants and cold stores respectively.

Raw materials

The controls on the raw material for the production of fresh meat, animals
intended for slaughter, in an approved slaughterhouse are extensive. They are
found in Articles 3, 4, 5, 6 and 8 and Annex |. Article 3(1) controls the
production of carcasses, half carcasses, quarters and smaller cuts, including
offal. These must have been obtained from an animal that has satisfied both
ante-mortem and post-mortem inspection and is thus shown to be fit for human
consumption, while Article 5 lists 15 categories that must be declared unfit for
human consumption by the official veterinarian. Article 7 requires meat unfit for
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human consumption to be clearly distinguished from meat fit for human
consumption and to be treated according to the Animal Waste Directive, 90/667/
EEC. Article 6 provides various special controls. Article 8 provides additional
controls on veterinary residues. Article 9 requires the presence of a veterinarian
in slaughterhouses and cutting plants. Annex | provides detailed specific
requirements to ensure the hygiene of raw materials, including structural and
storage provisions, and Chapter VI deals with ante-mortem inspections.

Operations

Animals must be slaughtered hygienically and under veterinary supervision
immediately they are brought into slaughter premises, and thereafter a raft of
detailed measures come into effect, intended to guarantee that the meat is fit to
eat and protected from contamination. Cutting must take place in an atmosphere
that has a temperature not exceeding 12°C; during cutting, boning, wrapping and
packaging, the temperature of meat must ordinarily not exceed 7°C. Carcasses fit
for human consumption must be stamped in ink or branded with a health mark
under veterinary control in a prescribed manner. Cut meat and offal must be
treated similarly, although the mark may be applied to its packaging in certain
cases. Only specified colours can be used for health marking.

Products
There are no compositional or labelling controls exceeding hygiene require-
ments in this directive.

Temperature control

Chapter XIV requires meat to be chilled immediately after post-mortem
inspection and kept at a constant internal temperature not exceeding 7°C for
carcasses and cuts and 3°C for offal during storage and transportation.
Derogations are available from the competent authority for transportation to
cutting plants or butchers’ shops in the immediate vicinity of the slaughterhouse,
provided the meat reaches these within an hour. If meat is to be frozen, this must
be done in the slaughterhouse or cutting plant, or in a cold store to which it was
transported directly. It must be cooled without delay to bele#2°C and stored
below that temperature.

Storage and transport

Conditions are laid down to ensure hygienic storage and transportation. Cut meat
and offal must ordinarily be wrapped and packaged unless the wrapping provides
sufficient protection, unless it is to be suspended throughout its transport. The
veterinarian must ensure that conditions are hygienic, with protected loading and
unloading and transport by clean, closed vehicles or containers.

Staff
Annex | requires sufficient changing rooms, with showers, lavatories and wash-
basins with taps not operable by hands or arms. There must be suitable facilities
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to wash and disinfect hands near workstations; their taps must not be operable by
hand and there must be some hygienic means for drying the hands. It requires
‘absolute cleanliness’ of staff, and people likely to contaminate meat are
prohibited from working on it or handling it. Those working where exposed or
wrapped meat is being handled, packaged or transported must wear clean
headgear, footwear and working clothes and, where necessary, neck shields or
other protective clothing. They must wear clean clothes at the beginning of each
working day, renewed during the day as necessary. They must wash and
disinfect their hands at each resumption of work and several times during the
day. Smoking is prohibited where meat is worked on, handled, stored or
transported. Article 10(3) requires a hygiene training programme to be in place,
involving the official veterinarian. Annex Ill lays down professional
qualifications required by auxiliaries assisting the veterinarian.

Management and supervision

The management of the food business is responsible for all aspects of the
hygienic operation of the premises. See also the note (Section 3.2.4) on HACCP
implementation and microbiological checks. The competent authority, through

official veterinarians, is responsible for supervising the operation of the premises
and ensuring that it operates hygienically.

3.5.3 Review

The European Commission instituted a consultation exercise on the
consolidation and simplification of the vertical directives in April 1996, with

a second stage in February 1997 which included a draft directive to replace the
existing legislation. Draft proposals for four regulations and a directive covering
the hygiene of foodstuffs and certain animal health rules have since passed
through several stages of discussion between the European and member states
authorities. It remains unclear (in August 2002) how quickly these will proceed
towards formal adoption, although the complex and inevitably lengthy process
has made significant progress and is considered a matter of some priority. It is
appropriate to mention the imminent enlargement of the EU, which is expected
to result in a significant number of new member states. These are working hard
to ensure their hygiene practices comply with the Community standards.

The proposals would base the revised EU hygiene legislation on the General
Food Hygiene Directive model (see Section 3.2.2), supplemented by specific
provisions in areas where additional or more detailed controls are deemed
necessary. Specific requirements for the documentation and verification of risk
management systems, again based on principles of HACCP, would strengthen
this area (see Section 3.7.1). They would effect a significant measure of
consolidation and simplification, although some observers are likely to remain
dissatisfied with the extent of this.
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3.6 Case study: controversy over minced meat (and meat
preparations)

It is essential that meat and foods containing meat be supplied hygienically, to
ensure public safety. Regional populations consume minced beef (‘mince’) in
different ways; some invariably cook it thoroughly but elsewhere a significant
proportion is consumed lightly cooked or even raw. The use of pork and lamb
varies. It was not surprising, therefore, that specific national hygiene require-
ments varied. Some member states had little legislation; others were restrictive,
some limiting mincing to ‘on the spot’ following a purchaser’s request.

Stringent French requirements, developed to restore consumer confidence
after hygiene scandals in the 1960s, had formed the basis of a directive
applicable in inter-state trade, in 1988. Proposals later that year to extend this to
domestic markets were controversial. Four main issues were isolated that were
not directly linked to hygiene and were irrelevant for mince that was to be
thoroughly cooked (Fogden, 1991). These would increase product costs, affect
product quality and cause manufacturing burdens. They involved the following
requirements:

« Mince must be prepared from meat less than six days old, preventing use of
trimmings from matured beef, thus increasing prices and restricting practical
production periods.

¢ Mince must be chilled within an hour to 2°C, requiring investment in
equipment, risking damage to surface tissues and causing significant
problems in its transportation — hygiene does not require such stringency.

» Only certain parts of the carcass, excluding shin meat (a traditional source),
could be minced — this would have increased prices and affected nutritional
quality.

» Frozen meat must be excluded from the production of chilled mince, which
made temperature control more difficult and eliminated a traditional practice,
causing significant supply problems and increasing prices.

These issues caused special concern in some member states, including the UK
and The Netherlands, but the measures were demanded by others, particularly
France. British estimates suggested an increase of 25% in the price of its mince,
primarily affecting vulnerable groups in society. This led to a strenuous debate,
eventually resolved in 1994 by permitting certain national derogations from the
requirements of a replacement directive (94/65/EC) provided that product safety
was not compromised.

3.7 Future trends

The EU hygiene directives are in the process of being reviewed, which should
lead to improved consistency and controls.
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3.7.1 Review of the directives

There were early calls for the hygiene legislation to be reviewed to eliminate
inconsistencies, and the European Parliament called for the vertical controls to be
subordinated to the horizontal directive. The latter recognised this, requiring the
Commission to examine the relationship and, if necessary, make proposals by June
1996. It also had to report and make any appropriate proposals before 1999 on the
experience gleaned from the implementation of the horizontal directive.

It seems probable that the horizontal text will become the foundation for a
more consistent package of hygiene legislation (see Section 3.5.3), although this
is taking time. The substitution of risk management techniques into the vertical
legislation, which is currently based on prescriptive controls, is unlikely to take
place soon, although some requirements have been introduced as an addition to
the previous controls (see Section 3.2.4). The legislators have to satisfy
sometimes-irrational public demands as well. There are great hurdles to be
overcome to achieve the desirable solution based on an integrated approach, but
eventually a more consistent and scientific approach must surely come to
fruition, encouraged by the transfer of many responsibilities to DG Sanco of the
European Commission and by the creation of the European Food Safety
Authority.

It is unclear what compromise will be found. However, the current proposals
envisage a number of common requirements based on the provisions in
Directive 93/43/EEC and including HACCP principles, with specific controls in
annexes where these are deemed necessary (whether on hygiene or political
grounds). It is hoped that the quality and composition requirements of the
vertical directives would be revoked, or transferred to more suitable legislation.

It is thought unlikely that the hygiene directives will be revised into consistent
texts and implemented into national legislation before the beginning of 2006.

3.7.2 Discussion

As always, it is essential to refer to the legislated texts to know what is required
of any business operator in a particular situation. In the case of EU hygiene
legislation, this is more difficult because it is necessary not only to look at the
law as enacted in the member state where an operation is taking place, but also
to consider the objectives as laid down in the original EU directive which were
agreed to by the relevant government as part of that measure when it was
adopted. The two usually agree, more or less. But that uncertainty, magnified
where more than one state implementation is involved because of trans-frontier
activity, can cause problems.

This could have been alleviated by the adoption of regulations having
immediate effect rather than directives — but this was politically unacceptable
because the governments valued flexibility of approach. The current proposals
are for regulations, but these may yet be adopted as directives, as happened to
the proposals that led to the current legislation. Various problems therefore
remain, and some issues could have been resolved better.
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Improvement of scientific basis

The detailed requirements of the vertical provisions (see Section 3.5) contrast
with the essential rules in Directive 93/43/EEC (see Section 3.4), which require
adherence to the principles of good hygiene management, although some
particular requirements are also specified. It is not obvious that the use in the
vertical texts of the risk management approach of the General Food Hygiene
Directive would result in risk to health. That would have eased the task of
updating plants and provided flexibility to new establishments. The detail in the
vertical directives perhaps suggests a lack of faith by the EU authorities in
animal product industry operators and/or in those charged with the official
control of this sector. There are grounds for prudence where any perishable
foods are being produced, distributed and supplied, but it is strange that such
caution is shown during the initial stages of the chain of supply of products of
animal origin, whereas later stages, for example in retail outlets, are generally
controlled less repressively, as are other microbiologically sensitive foods.

Consistency, necessity and proportionality

It is essential that hygiene controls are practicable. The current ones are
inconsistent, leading to confusion and sometimes to difficulties where more than
one applies in an establishment. This requires attention, preferably resulting in
technically justifiable controls. These controls must satisfy their purpose, to
control hygiene so that public safety can be assured. This is generally the case,
but sometimes excessive requirements have been introduced, breaching the EU
principle of proportionality that should apply to prevent legislation in excess of
what is required to solve a problem. These often just satisfy political needs by
enabling governments to avoid reducing unjustifiable controls, because of their
fear of alarming consumers. In an EU context, politics often outweighs science
when legislative compromises have to be agreed.

Elimination of other measures

It is suggested that there is no place in hygiene legislation for non-hygiene
controls. There are many that should be moved elsewhere, or preferably
eliminated in some cases, to ensure proper attention to others that do ensure food
safety. Moreover, these often seem to have been introduced in the existing
vertical texts without understanding that existing horizontal controls, for
example in food labelling directives, are adequate. In this context, it may again
be noted that the current proposals define ‘food hygiene’ as ‘the measures and
conditions necessary to control hazards and to ensure fitness for human
consumption of a foodstuff taking into account its intended use’.

3.7.3 Outcome: self-regulation or prescription

Risk analysis and management provide a mechanism that can ensure food safety
equally as well as prescriptive legislation. Both approaches require commitment
and/or enforcement to be effectively implemented. What is required is a
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positive, competent and thorough attitude and implementation of good hygiene
standards by everyone involved in every business in the food supply chain. This
cannot be instituted by legislation, nor is it likely. It can be improved by
educating people into understanding why it is essential, and what consequences
can follow failure.

Confidence in industry management

At present, there is reason to lack faith in some food businesses. Their hygiene
control is inadequate, putting consumer safety at risk. Consequently there is, and
there will remain, a need for prescriptive legislation supported by effective
enforcement and penalties. Many businesses, however, are being run well. There
is scope for these to benefit from relaxation of prescriptive detail, allowing them
to improve their performance and profitability in a more flexible manner. It is
suggested that this should only be done where the enforcement authority is
satisfied that the attitude and technical competence in the business are such that
it will maintain high hygiene standards. It should be possible for all businesses
to benefit from this, in principle, and the authorities would clearly need to
maintain an adequate level of surveillance to ensure that the situation remains
acceptable.

Ease of enforcement

However, complementation of risk management systems is more difficult to
enforce than complying with detailed requirements. There is a need to employ
thorough and thoroughly competent officials with a good understanding of
hygiene as it applies in the particular businesses that they inspect. Even then,
problems arise because hygiene practices are often debatable and faults can be
difficult to challenge objectively so as to satisfy a court. It is therefore probably
wise to err slightly on the side of caution in the public interest for all businesses
handling any perishable foods, not just those that handle such products of animal
origin. However, those able to demonstrate a history of good attitude and control
should be permitted to manage their hygiene in a business-efficient way.

3.8 Sources of further information and advice

3.8.1 Trade associations

The selected organisations in Table 3.4 perform representative functions for
national associations and individual companies at European level. See also the
European Public Affairs Directory.

3.8.2 Consumer groups

» European Bureau of Consumers’ Unions (BEUC), tel. +32 (0)2 735 31 10

» European Federation of Consumers’ Co-operatives (Eurocoop), tel. +32 (0)2
230 32 44.
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Table 3.4 European trade associations

Sector Organisation abbreviation Telephone
Agriculture COPA and COGECA +32 (0)2 287 27 11
Aquaculture EAS +32 (0)59 32 38 59
Bakery and confectionery CEBP +32 (0)2 230 34 16
Butchers IBC +32 (0)2 230 38 76
Butter TRANSBEUROP +32 (0)2 230 44 48
Milk and dairy products EUCOLAIT +32 (0)2 230 44 48
Eggs, game and poultry EUWEP +31 (0)30 69 67203
Fish EUROPECHE +32 (0)2 230 48 48
Fish processors AIPCEE +32 (0)2 743 87 30
Food and drink CIAA +32 (0)2 514 11 11
Fruit and vegetable nectars AIIN +32 (0)2 743 87 30
Ice cream EUROGLACES +33 (0)1 53 42 13 38
Livestock and meat UECBV +32 (0)2 2304603
Mayonnaise and sauces CIMSCEE +32 (0)2 743 87 30
Meat processors CLITRAVI +32 (0)2 203 51 41
Poultry and game CDVGP +32 (0)2 512 61 78

Poultry and poultry processing AVEC

Processed cheese ASSIFONTE
EUROCOMMERCE

Retailing FEMGED
GECODE

Soft drinks UNESDA

Tomato products OEICT

+45 (0)33 25 41 00
+49 (0)228 95 96 90
+32 (0)2 230 58 74
+32 (0)2 734 32 89
+49 (0)221 936 55770
+32 (0)2 743 40 50
+32 (0)2 743 87 30

3.8.3 Other contact points

e European Commission, Rue de la Loi 200, B-1049 Brussels, Belgium, tel.

+32 (0)2 299 11 11

» Food Law Enforcement Practitioners’ Forum, tel. +31 (0)70 340 50 60
* Meat and Livestock Commission, tel. +44 (0)1908 677577 or +32 (0)2 230 86

68

« National Agriculture, Consumer Protection and Health authorities.
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Hygiene regulation in the United States
T. Gilmore, The Holly Group, USA

4.1 Introduction

From the beginnings of civilization there have been concerns about the quality
and safety of food. The Jewish dietary laws are found in the Book of Leviticus in
the Old Testament. The dietary laws of Islam are found in the Koran. These
religious practices were partly based on practical knowledge of known food
safety concerns of the times. And there was the folklore concerning what was
safe to eat, such adon’t eat the red berriedype of advice. In 1202, King John

of England proclaimed the first English food law, the Assize of Bread, which
prohibited adulteration of bread with such ingredients as ground peas or beans.
Most are familiar with the German Spaten-Reinheitsgebot-Purity law of 1516,
the standard of purity for beer.

Regulation of food in the United States (US) dates from early colonial times.
The following chronology describes some of the milestones in US food regulation.
Adulteration constituted much of the early concerns about food safety. In 1880
President Hayes appointed chemist C.M. Wetherill to the recently established US
Department of Agriculture (USDA). This was the beginning of the Bureau of
Chemistry, the predecessor of the Food and Drug Administration (FDA). Peter
Collier, chief chemist, USDA, recommended passage of a national food and drug
law in 1883. The bill was defeated, but this brought attention to food safety,
resulting in 100 bills being introduced in Congress during the next 25 years. Dr
Harvey W. Wiley became the Bureau'’s chief chemist after Collier and expanded
the Bureau’s role in protecting the food supply. Wiley is called the ‘Crusading
Chemist’ and ‘Father of the Pure Food and Drug Act'.

The original Food and Drug Act was passed by Congress and signed into law
by President Theodore Roosevelt in 1906. The Meat Inspection Act was passed
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on the same day. Shocking disclosures of unsanitary conditions in meat
processing plants, the use of poisonous preservatives and dyes in foods and cure-
all claims for worthless and dangerous patent medicines written abotien
Jungle,a novel by Upton Sinclair, were the driving forces leading to these two
new laws. There were numerous further regulations and US Supreme Court
rulings on adulteration, misbranding, false and misleading claims, and food
additives. In 1930 the McNary-Mapes Amendment to the 1906 Act authorized
FDA standards for quality and quantities in containers. In 1933 the FDA
recommended a complete revision of the obsolete 1906 Act. After five years of
legislative battle, the Federal Food, Drug, and Cosmetic (FD&C) Act of 1938
was enacted. The 1938 FD&C Act established the FDA as the controlling federal
authority for food safety. In 1940 the FDA was transferred to the Federal
Security Agency, which in 1953 became the Department of Health, Education
and Welfare (now Health and Human Services).

From the passage of the FD&C Act of 1938 to the present there have been a
number of changes to the Act, the most notable being as follows.

e The 1948 Miller Amendment affirming that the FD&C Act applies to goods
in interstate commerce

* The 1954 Factory Inspection Amendment

» The 1958 Food Additive Amendment that requires manufacturers to establish
the safety of new food additives, and which includes the Delaney clause that
prohibits approval of any food additive shown to induce cancer, when used at
any level, in humans and animals

» The FDA publication of the first list of 200 substances generally recognized
as safe (GRAS)

 The 1960 color additive amendment which requires manufacturers to
establish their safety

e The FDA began administration of sanitation programs for milk, shellfish,
food service and interstate travel facilities

» The low-acid food processing regulations now recorded in Title 21 of the
Code of Federal Regulations, Part 113 (21 CFR 113)

* The Infant Formula Act of 1980

» The Tamper Resistant Regulations

» The Bioterrorism of 2002.

4.2 The Food and Drug Administration (FDA)

The FDA touches the lives of virtually every American every day. It is their job

to see that the food we eat is safe and wholesome, the cosmetics we use won't
hurt us, the medicines and medical devices we use are safe and effective, and
that radiation-emitting products such as microwave ovens won’'t cause harm.
Food and drugs for pet and farm animals also come under the purview of this
agency. The FDA ensures that all of these products are labeled truthfully with
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the information necessary for proper use. The FDA is one of the oldest consumer
protection agencies. Its 9000 employees monitor the manufacture, import,
transport, storage and sale of about one trillion dollars’ worth of products each
year. The FDA is a public health agency, charged with protecting American
consumers by enforcing the FD&C Act and other related public health laws. To
carry out this mandate of consumer protection, the FDA has about 1100
investigators and inspectors who cover the nation’s 95000 FDA-regulated
businesses. These employees are located in offices in 157 cities across the USA.

The United States Department of Agriculture (USDA) is also part of the US
food safety system. USDA investigators and inspectors visit more than 15000
facilities a year, seeing that products are properly manufactured and truthfully
labeled. As part of their inspections, they collect 80 000 domestic and imported
samples for examination by FDA scientists for label checks.

If a company is found violating any laws the FDA enforces, the FDA can
encourage the firm to voluntarily correct the problem or recall a faulty product
from the market. A recall is usually the fastest and most effective way to protect
the public from unsafe products. When a producer can’t or won'’t correct a
public health problem with one of its products voluntarily, the FDA has legal
sanctions it can use. The agency can go to court to force a manufacturer to stop
selling a product and to have products already produced seized and destroyed.
When called for, criminal penalties are sought against manufacturers and
distributors. Almost 3000 products a year are found to be unfit for consumers
and are withdrawn from the market, either by voluntary recall or by court-
ordered seizure. In addition, nearly 30 000 import shipments a year are detained
at the port of entry because the goods seem to be unacceptable.

The FDA’s 2100 scientists, including 900 chemists and 300 microbiologists
stationed in the 40 laboratories around the country, prepare the scientific
evidence needed to back up the agency’s legal cases. Some of these scientists
analyze samples to see, for example, whether products are contaminated with
illegal substances. Other scientists review test results submitted by companies
seeking approval for drugs, vaccines, food additives, coloring agents and
medical devices. The National Center for Toxicological Research, at Jefferson,
Arkansas, which investigates the biological effects of widely used chemicals, is
operated by the FDA. The agency also runs the Engineering and Analytical
Center at Winchester, Massachusetts, which tests medical devices, radiation-
emitting products, and radioactive drugs.

Assessing risks and weighting risks against benefits is at the core of the
FDA'’s public health protection duties. By ensuring that products and producers
meet certain standards, the FDA protects consumers and enables them to know
what they’re buying. The agency requires that drugs, both prescription and over-
the-counter, be proven safe and effective and that food additives (indirect,
secondary direct, and direct) are also safe and effective. In deciding whether to
approve new drugs or food additives, the FDA does not do research, but rather
examines the results of studies done by the manufacturer. The agency must
determine that the new drug produces the benefit that it is supposed to produce
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without causing side-effects that would outweigh those benefits and that food
additives are safe for their intended use. A major FDA mission is to protect the
safety and wholesomeness of food. The agency’s scientists take samples to see
whether any substances, such as pesticide residues, are present in unacceptable
amounts. If contaminants are identified, the FDA takes corrective action. The
FDA also sets labeling standards to help consumers know what is in the foods
they buy.

The FDA and USDA are the primary agencies of the federal government in
the United States responsible for safeguarding the food consumed by its citizens
domestically, and overseas in US-controlled establishments, as well as in US
regulated modes of transportation. Hygienic concerns are policed by ‘factory’
and food service inspections. These inspections are one of the tools made
available through the FD&C Act of 1938 (FDCA) in Sections 301, 703 and 704.
The Factory Inspection Amendment of 1953 clarified this authority. Plant
inspection is an enormous task and requires full industry and state cooperation.
The USDA has the overall responsibility for meat, poultry and egg processing
facilities and, through a memorandum of understanding (MOU) with the FDA,
provides voluntary inspection for dairy plants processing non-Grade A dairy
products, i.e. dry milk products, cheese, and butter. The FDA also has an MOU
with the states for state regulatory inspections of Grade A dairy plants. The legal
basis for USDA plant inspections is provided by the following Acts:

« The Poultry Product Inspection Act of 1957
e The Federal Meat Inspection Act of 1967
* The Egg Products Inspection Act of 1970.

The 1946 Agricultural Marketing Act provides the basis for the USDA
Agriculture Marketing Service, which is responsible for the voluntary, fee-for-
service dairy plant and equipment reviews carried out by the USDA Dairy
Grading Service.

4.3 Regulation in practice: the case of dairy processing

In the United States, the safety and quality of milk and dairy products are the
responsibility of two federal and 50 state regulatory agencies. Local jurisdictions
may also regulate. On the federal side, these responsibilities are assumed by the
FDA, which is part of the US Department of Health and Human Services, and by
the USDA. The FDA has the ultimate regulatory authority and monitoring
responsibility over the dairy industry, while the USDA involvement with this
industry is voluntary and service-oriented. Each state is empowered by state
laws to carry out certain regulatory functions with respect to the dairy industry
within that state.

In dealing with the safety and quality of milk and dairy products, the US
dairy industry identifies two grades of milk: Grade A and manufacturing grade
(commonly called Grade B). Grade A milk is produced and handled in
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accordance with strict sanitation requirements and is intended for use in fluid
milk products. Grade B milk may be used in manufactured dairy products such
as ice cream, frozen desserts, and cheese (excluding cottage cheese). Less
stringent sanitation requirements apply to the production and handling of Grade

B milk, and this milk may be used only in manufactured dairy products such as
butter, cheese and powdered milk except Grade A powder. Approximately 90%
of milk produced in the US is sold to plants and dealers as Grade A.

In the 1920s and 1930s, the shipment of milk and milk products from one
political jurisdiction to another was restricted by the availability of producer
milk to a point of processing and marketing. Exceptions occurred in large
metropolitan areas contiguous to one or more political sub-divisions, which
made it necessary for milk to be shipped across political (or regulatory
jurisdiction) boundaries. A second and equally important impediment to the
movement of milk was differences in state and local public health regulations,
which often made it difficult, if not impossible, to ship milk between
geographical areas. If movement was necessary, it was often done under the
supervision of multiple local regulatory authorities, requiring compliance with
their differing public health regulations. It was with this background that dairy
industry leaders and government regulatory authorities initiated action that led
to the formation of the National Conference on Interstate Milk Shipments
(NCIMS) in the early 1950s. The goals of the Conference are as follows:

1. To provide sanitary regulations to protect public health.

2. To ensure uniformity and enforcement of milk regulations, and reciprocity.

3. To ensure that milk is produced under regulations which would safeguard
public health.

In short, their objective was and remains to provide ‘the best possible milk
supply for all people’.

The NCIMS is a voluntary organization consisting of representatives from
each state, FDA, USDA, and the dairy industry. This organization maintains the
federal/state milk certification program (Interstate Shippers Program) to
facilitate the movement of Grade A Milk in interstate commerce. The program
relies on theGrade A Pasteurized Milk Ordinand®MO) for uniform sanitary
standards, requirements and procedures. This program provides the state and
federal agencies and the dairy industry with reliable data on sources of
acceptable high-quality milk. These sources are published quarterly ivithe
List Sanitation Compliance and Enforcement Ratings of Interstate Milk
Shippers.The IMS List is available from the FDA-Milk Safety Branch. 3-A
Sanitary Standards are referenced in the PMO as appropriate sanitary design
criteria for equipment and are used to evaluate the compliance of equipment
with established hygienic standards.

The Grade A Pasteurized Milk Ordinand®MO) is a model milk ordinance
and code produced by the US Public Health Service (PHS), the FDA, state
regulatory agencies and industry representatives. The PMO has been developed
not as a federal law but as a uniform standard recommended for state adoption.
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The advantages of the PMO for the NCIMS cooperative programs are:

1. The PMO as a model ordinance and code discourages the use of public
health regulations to establish unwarranted trade barriers against the
acceptance of high-quality milk from one jurisdiction to another. It provides
for full reciprocity, which allows free US interstate movement of IMS-listed
milk and milk products.

2. The model ordinance and code allows the establishment of effective and
well-balanced milk sanitation programs throughout the USA.

3. The Conference stimulates the adoption of adequate and uniform state and
local milk-control legislation and encourages the application of uniform
enforcement procedures through appropriate legal and educational
measures.

In addition to participating in preparing the PMO, the responsibilities of the PHS
and FDA to the NCIMS include:

1. Standardizing, for uniformity, the rating procedures of state and federal
personnel at least every three years.

2. Publishing a list of Regional Milk Specialists and State Milk Sanitation
Rating Officers whose rating methods and interpretations of the PMO have
been evaluated and certified by the PHS and FDA.

3. Standardizing the evaluation procedures of State Milk Laboratory
Evaluation Officers and State Sampling Surveillance Officers.

4. Publishing a list of State Milk Laboratory Evaluation Officers whose
competence in interpreting and evaluating milk laboratory methods has
been evaluated and certified by the PHS and FDA.

5. Publishing quarterly th8anitation Compliance and Enforcement Ratings of
Interstate Milk Shipper¢IMS List). The IMS List contains a state-by-state
enumeration of all current listed milk and milk product shippers, along with
their products’ sanitation and enforcement rating scores.

6. Extending to state regulatory agencies and educational institutions
assistance in the training of representatives of state and local governmental
units, including milk sanitation rating, milk laboratory evaluation, sampling
surveillance officers, and dairy industry personnel.

7. Conducting check ratings of the sanitation compliance status of listed
interstate shippers.

8. Evaluating and approving the laboratory facilities and publishing a list of
approved laboratories.

9. Assisting in development of sanitary standards for the fabrication of single-
service containers and closures for milk and milk products and publishing a
list of acceptable single-service plants.

The FDA has an arrangement with the USDA under which the latter assists
the states in developing safety and quality regulations for the manufacturing
milk industry within their local areas. The FDA periodically inspects ice cream,
frozen dessert and cheese manufacturing plants for compliance with the Food,
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Drug, and Cosmetic Act using the PMO or the current Good Manufacturing
Practice in Manufacturing, Packing, or Holding Human Food. FDA also
promulgates standards of identity and labeling, quality, and fill-of-container
requirements for milk and dairy products moving in interstate commerce.

4.4 Inspection in the dairy industry

The FDA has the responsibility under the Food, Drug, and Cosmetic Act, the
Public Health Act, and the Milk Import Act to assure the public that the nation’s
milk supply and imported dairy products are safe and wholesome. The FDA has
the regulatory authority to require processors of both Grade A and Grade B milk
to take remedial action when conditions exist that could jeopardize the safety
and wholesomeness of milk and dairy products being handled. Normally, the
FDA limits its compliance activities to Grade A milk and dairy products moving

in interstate commerce. To lessen its regulatory compliance burden, the FDA has
entered into a cooperative arrangement with the states. Through a Memorandum
of Understanding with the NCIMS, which comprises all 50 states, the FDA and
the states share the responsibility for ensuring the safety and wholesomeness of
Grade A milk and dairy products.

Under the authority of the Agricultural Marketing Act of 1946, the United
States Department of Agriculture (USDA) is directed to carry out certain
voluntary service functions to aid in the efficient marketing of American
agricultural products. These services include developing inspection and grading
services, and recommending standards to encourage uniformity and consistency
in commercial practices.

The USDA also inspects dairy manufacturing plants to determine whether
good sanitation practices are being followed. Only after an inspection shows that
the plant has met the requirements in teneral Specifications for Approved
Plantscan that plant qualify for services such as grading, sampling, testing, and
certification of its products. The USDA has no regulatory authority regarding
dairy plant inspections and cannot require a plant to change its operations. It can
only withhold approval and decline to provide inspection and grading services.
The grading and inspection services are offered on a voluntary basis. Those
wishing to use the services must request them and pay a fee. The USDA Dairy
Programs are totally funded by fee for service — no tax dollars are used. The
USDA/Agriculture Marketing Service (AMS) publishes a quarterly lisDafiry
Plants Surveyed and Approved for USDA Grading Servite. USDA inspects
the dairy plants listed in this publication periodically.

USDA plant approval is determined by unannounced inspections, conducted
at least twice yearly and covering more than 100 items, including milk supply,
plant facilities, condition of equipment, sanitary practices, and processing
procedures. The inspection and grading criteria are outlinedGémeral
Specifications for Dairy Plants Approved for USDA Inspection and Grading
Service of Manufactured or Processed Dairy Prody@SFR 58.101 to 58.938)
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administered by the Dairy Programs of USDA. The Dairy Grading Branch of the
USDA-AMS Dairy Programs also provides service under its full-time resident
grading and quality control program. Plants using this service are listBdiiy
Plants Surveyed and Approved for USDA Grading Serwiitke an asterisk. This
full-time program offers on-the-spot official grading of the plant's manufactured
products, laboratory testing and quality control, and plant inspection services.
The resident program also makes available to the plant manager the technical
know-how and experience of the Dairy Grading Branch’s supervisory staff for
help in solving product quality problems. Plant inspection services and the
Resident Grading and Quality Control Programs are available on a voluntary
basis, and fees are charged to cover costs.

Additionally, the USDA Dairy Grading Branch conducts equipment sanitary
design reviews. The USDA Dairy Grading Branch fully supports and utilizes
established 3-A Sanitary Standards and 3-A Accepted Practices. When
equipment or systems for which 3-A Standards or Practices have been
developed are presented for USDA review, the document will be used as the
sanitary criteria. When USDA review of equipment is requested for which there
are no 3-A Standards, the USDA will use the general criteria found in their
publication tittedUSDA Guidelines for the Sanitary Design and Fabrication of
Dairy Processing EquipmenThese guidelines are consistent with the sanitary
criteria found in the 3-A Sanitary Standards.

Under an arrangement with the FDA, the USDA assists individual states in
establishing safety and quality regulations for manufacturing-grade (Grade B)
milk. In this regard, the USDA has developed model regulations for state
adoption that relate to the quality and sanitation aspects for producing and
handling such milk. These regulations are set forth in Becommended
Requirements for Milk for Manufacturing Purposes and Its Production and
ProcessingUSDA officials monitor the state programs to determine compliance
with the Recommended Requirements and also can, upon request, provide
training to state inspectors. The 29 states that have Grade B milk have adopted
these model regulations.

Fifty states have enacted safety and quality regulations for Grade A milk, and
29 states have enacted regulations for Manufacturing Grade (Grade B) milk,
which are essentially identical to those contained in the PMO and the USDA
Recommended Requirements. The enforcement of these regulations is normally
the responsibility of the state departments of health or agriculture. The states’
authority comes from their state statutes. The states are the primary regulatory
agencies and generally have the first right of refusal when regulatory action is
needed. In practice, states make most of the day-to-day decisions.

Specifically with respect to equipment, approval can only come from state
regulatory authorities. Most states have adopted the PMO for their basic Grade
A milk sanitation document. Some have adopted 3-A Sanitary Standards and 3-
A Accepted Practices as regulation, while others use 3-A criteria as guidance
during plant inspections. The states may look to the Public Health Service/Food
and Drug Administration (PHS/FDA) for guidance on some issues. This may
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involve equipment for which there are no 3-A Standards, or application and/or
interpretation of specific requirements of the PMO. The PHS/FDA publishes
coded memoranda on selected issues not covered by existing regulations or
standards and to clarify existing regulations. Even though the states are the
primary enforcement authority, if there is imminent public health danger, the
PHS/FDA will enter directly into the regulatory process by the authority granted
them by the Food, Drug, and Cosmetic Act. However, the PHS/FDA's usual
stature is one of cooperation, assistance and advice.

The states’ role is of course much more detailed than is described here; but the
enforcement procedures for certifying interstate milk shippers are uniform in all
50 states. The regulations may vary slightly from state to state, but they will have
as a minimum requirement those found in the PMO and the 3-A Sanitary
Standards. Under the National Labeling and Education Act, states must also have
uniform labeling requirements. States desiring deviations must have special
permission to require product standards in excess of federal standards of identity.

4.5 Regulation of particular processes

There are three sets of regulatory requirements for food safety applicable to
aseptic food processing and packaging operations. Aseptic systems can fall
under the regulatory jurisdiction of either the FDA or the USDA. The processor
and/or equipment supplier will need to determine which regulatory requirements
are pertinent based upon the type of product being processed. When milk or milk
products as defined in the PMO are involved, the aseptic operation must comply
with the provisions of the PMO, in addition to the FDA Low-Acid Canned Food
Regulations. Since 1983 the PMO has included aseptically processed milk
products and serves as a code of practice for the production and processing of
these products.

Low-Acid and acidified food products that contain little or no meat or poultry
are covered by the FDA regulations on ‘Thermally Processed Low-Acid Foods
Packaged in Hermetically Sealed Containers’, and for ‘Acidified Foods’. These
regulations are found in Title 21 of th€ode of Federal RegulationCFR),
parts 108, 113 and 114. Section 113.40(g) lists specific requirements for low-
acid aseptic processing and packaging systems, including specifications for
equipment and instrumentation.

The FDA requires registration of aseptic processing plants and filing of
thermal processes and sterilization procedures before product can be distributed
in interstate commerce. The FDA regulations rely upon aseptic processing and
packaging authorities to establish adequate parameters for sterilization of
product, packages and equipment, so that commercial sterility of the end-
product is assured. The FDA exerts its influence over the types of aseptic
processing and packaging systems that can be utilized to produce foods for
distribution into interstate commerce by its review and acceptance or rejection
of process filing forms from individual companies. When a company files
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processing schedules for new aseptic processing or packaging systems, the
FDA's technical staff request sufficient information from the processor to
evaluate the adequacy of the equipment and procedures to produce a
commercially sterile product. Usually, the equipment manufacturer(s) and the
processing authority are involved in the presentation of this information to the
FDA. The FDA relies upon periodic inspections of processing plants to monitor
compliance with these regulatory requirements.

The FDA must accept food contact surfaces of aseptic packaging materials,
and package sterilization media, including hydrogen peroxide and irradiation,
for their intended purpose before they may be used in FDA or USDA regulated
food establishments. Present accepted uses are listed in 21 CFR 174 through
179. For new uses a petition must be submitted to FDA to amend the food
additive regulations. Procedures and types of data necessary to support such a
petition are described in 21 CFR 171.

The dairy regulatory situation in the US may involve the FDA, USDA and
state regulatory authorities. Although the FDA has overall responsibilities for
ensuring the safety and quality of milk and milk products, it is the individual
state that has the primary responsibility for regulation of dairy farm and milk
plants and equipment approval. The USDA-Dairy Programs is not a regulatory
agency, but offers voluntary inspection services. However for a dairy product to
receive a USDA Grade it must be manufactured in a USDA-inspected plant.

4.6 Regulation of equipment: the 3-A Sanitary Standards

The 3-A Sanitary Standards are used throughout the US as the source of
hygienic criteria for food and dairy processing, packaging, and packaging
equipment. 3-A Standards are referenced in the PMO, adopted or referenced in
most state dairy regulations and required by USDA dairy regulations as
containing suitable hygienic criteria. Within the US other sectors of the food
industry use 3-A Standards in whole or in part. For example, the
biopharmaceuticals industry, the juice and carbonated beverage industry, and
especially the egg processing industry use 3-A. 3-A criteria have also been
successfully applied to the dry cereal products processing industry. The
Canadian milk producing and processing industry also use the PMO and 3-A
Standards. Additionally, the 3-A Secretary receives many requests for Sanitary
Standards from Europe, Australia and New Zealand. In short, 3-A Standards are
useful for equipment design where minimizing microbial risk is important,
where clean-in-place is desirable, or where both are important. Applications for
equipment and systems used for aqueous-based chemical processing are found
in 3-A Sanitary Standards.

Criteria found in the 3-A Sanitary Standards are applied to equipment and
machinery. 3-A Accepted Practices are applied to systems. The 3-A Sanitary
Standards and 3-A Accepted Practices consist of seven parts:
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1. A finite scope is important because it covers, in terms of the piece of
equipment or system, where the standards are to be applied; i.e., it is a
statement of intent.

2. Definitions of terms used in standards define the products, product contact
surfaces, non-product contact surfaces, and any specific terms of the
equipment under consideration as well as specific terms covered by the
standard.

3. Descriptions of permitted materials consider the self-limiting characteristics
of materials that compose the equipment. Sanitation specifications specify
this with the ultimate criterion being based on the environment of its
intended use. In 3-A, the metal of choice is AISI 300 series or equivalent
stainless steel or metals equivalent to or better than 300 series.

4. Details of fabrication of the equipment for sanitary design as affected by the
fabrication process may include finish, limitation of radii, self-draining
characteristics, and accessibility for cleaning and inspection, as well as the
design for mechanical cleaning (CIP), floor and wall clearance, the integrity
of product contact surfaces and any other factors for the construction of the
equipment to meet necessary sanitary design criteria.

5. The Appendix is an advisory section of the standards that includes
references to stainless steel materials and product contact surface finish,
plus other information unique to the construction and installation of the
equipment. The Appendix may also contain special considerations needed
for cleaning and sanitizing the equipment.

6. The effective date is generally six months after final approval for
equipment.

7. 3-A Accepted Practices usually contain at least one additional section con-
cerned with proper installation requirements to satisfy public health concerns.

The development of 3-A Sanitary Standards and 3-A Accepted Practices
occurs by orderly and prescribed protocols. The 3-A Sanitary Standards
Committees include membership from three stakeholder groups representing
regulatory, processor and equipment suppliers. The decisions on acceptable
hygienic criteria are reached by consensus and are scientifically based. The 3-A
Sanitary Standards Committees cooperate with the European Hygienic
Engineering and Design Group (EHEDG) and the International Standards
Organization (ISO) Technical Committee 199 on hygienic guidelines and
standards development. The goal is to produce non-conflicting criteria and, if
possible, documents that will produce equivalent results when applied. 3-A and
NSF International work together to develop hygienic standards for machinery
used by the non-pumpable food industry. To date, the partnership has co-
adopted ISO FDIS 14159 Machinery Safety—Hygiene Requirements for the
Design of Machinery and a family of three ANSI/NSF/3-A standards for meat
and poultry processing equipment. The ANSI/NSF/3-A family of meat and
poultry standards has been chosen for use by the USDA/AMS for use in its
voluntary, fee-for-service meat and poultry equipment review program.
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4.7 Regulation of the meat and seafood industries

The Food Safety and Inspection Service (FSIS), a public health agency in the
United States Department of Agriculture (USDA), protects consumers by
ensuring that meat and poultry products are safe, wholesome, and accurately
labeled. The FSIS regulates meat and poultry products that account for a third of
consumer spending on food, with an annual retail value of $120 billion. It
regulates all raw beef, pork, lamb, chicken, and turkey, as well as sausage,
soups, stews, pizzas, and frozen dinners (any product that contains 2% or more
cooked poultry or 3% or more raw meat).

Under the Federal Meat Inspection Act and the Poultry Products Inspection
Act, the FSIS inspects all meat and poultry sold in interstate and foreign
commerce, including imported products. Approximately 7400 federal inspectors
carry out inspection laws in about 6200 plants. Inspectors check animals before
and after slaughter, visually examining over six billion poultry carcasses and 125
million livestock carcasses, including beef, pork, and lamb, each year. They
prevent diseased animals from entering the food supply and examine carcasses for
visible defects that can affect safety and quality. The FSIS also inspects products
during processing, handling, and packaging to ensure that they are safe and
truthfully labeled. To address specific concerns, inspectors can test for the
presence of pathogenic microorganisms and violative drug and chemical residues.
There are mandatory Hazard Analysis Critical Control Point (HACCP)
requirements for all federally inspected plants and a zero toleran&afaronella

Consumption of seafood is up 60% over the past decade, and the trend is
continuing. The US seafood industry is broad and varied. There are at least 1000
types of fish harvested from the ocean or raised by aquaculture. There are more
than 4100 US seafood processors and handlers. Much of the fishing industry is
old-fashioned, especially compared to other major food industries. Production is
still dominated by individual, independent boat operators, which can give rise to
insufficient control over the fish from catch to delivery at dock. In addition,
there is limited control over the handling of seafood by seafood wholesalers and
processors. Although most fish are free from chemical and biological
contaminants and disease when caught, they can spoil during the sometimes
long trip from harvest to table. Once seafood is purchased, poor storage,
handling or cooking can render it unfit to eat.

The FDA'’s present fish inspection program involves collecting samples of
fish to monitor their quality and to inspect fish processing facilities. To enhance
this mandatory program, the FDA, along with the National Marine Fisheries
Service (NMFS), is piloting a new, voluntary, fee-for-service fish inspection
program. The program is based upon the HACCP system of ensuring food
quality and safety. HACCP involves identifying and then monitoring the critical
points in handling and processing food where risk of contamination is greatest.
The FDA first used HACCP in the early 1970s to control microbiological
hazards in the mushroom canning industry. After considerable refinement, the
system was made mandatory for the low-acid/acidified canned food industry.
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Under the new inspection program, seafood plants design their own HACCP
plans and submit them to the FDA and the NMFS for approval. The two

agencies then monitor the plants’ implementation of the plans. HACCP controls
everything critical to the production of a safe, wholesome, properly labeled
product. The aim of the new inspection program is to prevent problems before
they start.

4.8 Trends in US regulation

The FDA has issued a revised version offsod Codea reference that guides
retail outlets such as restaurants and grocery stores, and institutions such as
nursing homes, on how to prepare food to prevent food-borne illness. The
updated edition includes updated recommendations based on the latest findings
in food safety science. The new recommendations cover such critical areas as
raw eggs, juices, raw sprouts, ready-to-eat foods, hamburgers, pork and poultry.
The Food Codeis updated every two years, to coincide with biennial meetings
of the Conference for Food Protection. The conference consists of
representatives from regulatory agencies at all levels of government, the food
industry, academia, and consumer organizations that work to improve food
safety at the retail level.

The future of food and dairy hygiene regulation will be less one of command
and control by federal and state regulators and more one of self-determination by
the food and dairy processing industries. Pathogen control and application of
HACCP will replace command and control. This change has already occurred in
the USDA-Food Safety and Inspections (FSIS) Service for the meat and poultry
industry. USDA-FSIS eliminated its prior approval before use programs in the
areas of facilities and equipment review sanitation, ingredients and labeling in
favor of microbial reduction regulations and mandatory HACCP. To replace prior
equipment approval, NSF International and 3-A have cooperated in developing
hygienic equipment standards for meat and poultry equipment. NSF/3-A are
planning to develop standards for facilities. The seafood industry is following the
same model. NSF/3-A have industry and regulatory support to develop
equipment standards. Also, under the US NCIMS, there are several dairy plants
in an HACCP pilot program. If these pilot programs are successful and acceptable
to the NCIMS and USPHS, HACCP and self-determination by the dairy industry
could replace the current command and control regulatory approach now used.
The food industry is well advanced in using an HACCP approach to ensure food
safety. This is due in part to lack of human resources by the states and federal
government to do the routine inspections for processing plants other than those
mentioned above. Also, the federal regulations for foods, other than dairy, meat
and poultry, infant formula and low/high acid foods in hermetically sealed
containers, are rather general and not well suited for command and control
regulation. Global trade will ultimately drive food safety regulation to be
universal, at least to the extent that country or regional regulations achieve
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equivalent levels of public health safety. Certainly, good manufacturing
practices, HACCP and SSOPs will be central to a universal system. The road
to food safety is global and is one we must all take using the same routes.
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Sources of contamination
H. L. M. Lelieveld, Unilever R&D Vlaardingen, The Netherlands

5.1 Introduction

The three main types of food contaminant are physical, chemical and
microbiological. Foods can become contaminated during growing and
harvesting of raw materials, storage and transport to the factory and processing
into finished products. Finished products may then be contaminated during
subsequent storage and transport to shops, and during storage and preparation by
the consumer. The main routes of contamination are through surfaces, air, water,
people and pests (Holah, 1999).

Processing, transport and packaging equipment may also contribute. The
passage of food material over a surface leaves residual food debris which
encourages the growth of microorganisms. Over time these can multiply to
sufficient numbers that they affect the safety or quality of the food. The build-up
of food debris, which may deteriorate when out of the main product flow, will
also have an impact on product quality if it subsequently returns to the main
product flow. Chemical contamination may also result from these contact
surfaces if they are not adequately rinsed after cleaning and disinfection
regimes. Lubricants, often unavoidable in equipment with moving parts, may
contribute to chemical contamination (Steenaatdal, 2002). Non-product
contact surfaces, such as floors, walls, ceilings, overhead beams and equipment
supports, are also important. As well as being reservoirs of microbial
contamination, they can also be a source of physical and chemical contamination
(e.g. from flaking plaster and the chemical residues within it). They need to be
designed so that they are durable and can be effectively cleaned.

Air can be a significant medium for the transfer of contamination to food
products (Brown, 1996). Unless the air is treated, microorganisms will be
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present, and the air is also a contamination route for ‘light’ foreign bodies such
as dust, straw-type debris, and insects. Chemical taints can enter the production
area through airborne transmission. Water is used in the food industry as an
ingredient, as a production process aid and for cleaning. Its use as an ingredient
and as a processing aid can give rise to potential microbial or chemical con-
tamination problems, and so it is important to use water of a high micro-
biological and chemical quality (i.e. of potable quality). Water used in
handwashing facilities also poses a potential problem. Unwanted water, such as
from steam or water vapour, condensation, leaking pipes or drains, or rainwater,
can also be a vector for contamination. Stagnant water is particularly hazardous,
as microbial levels can multiply rapidly under favourable conditions. The water
used in cleaning and sanitising regimes also needs to be of adequate quality. See
Holah (1997) and Dawson (1998, 2000) for further information on the quality
and use of water in the food industry.

People are a large reservoir of microorganisms. Gastrointestinal infections,
for example, can be transferred to food (e.g. via aerosol droplets resulting from
coughing near the process line) (Guzewich and Ross, 1999). Pathogens on hands
are also a major potential source of contamination (Taylor and Holah, 2000).
People can also be a vector for contamination of food with physical hazards such
as hair or fingernail fragments, earrings, plasters and small personal belongings.
Pests such as birds, insects and rodents are potentially a major contamination
problem, and particular care needs to be taken to prevent their entry into food
production areas. Buildings need to be designed to keep them out. Floors,
ceilings and walls need to be designed so that they do not allow insects and other
invertebrates the chance to live and breed.

5.2 Physical contaminants

Food can be contaminated by physical objects commonly known as foreign
bodies. There is a huge range of foreign bodies reported in foods, arising from
many different sources:

» Leaves, stalks and other extraneous pieces of plant material associated with
fruit and vegetables

* Soil and stones associated with harvested fruit and vegetables

» Bone or organ tissue associated with raw meat

e Insect and animal parts or residues in raw materials or resulting from
infestation during processing

« Glass, metal and plastic fragments associated with either raw materials or the
processing environment.

Foreign bodies can be either present in raw materials or introduced during
food processing operations. Their prevention depends in part on good
agricultural practices on the farm, particularly in the way crops are harvested
and cleaned prior to dispatch, or how well cattle are maintained as well as the



Sources of contamination 63

quality of slaughtering operations. Good practices amongst raw material
suppliers can substantially reduce the number and range of foreign bodies
which a food processor has to deal with.

Food processors can ensure a minimum standard for raw materials through a
supplier quality assurance scheme. The EU, for example, has minimum
standards for horticultural product quality (Anon., 1996a, 1996b, 1996c). Many
companies issue their own individual company specifications which are
normally more stringent than the EU standards. They also enable the company
to be more specific in their individual requirements. The following categories
covering foreign bodies are often included (Bedford, 2000):

« Foreign Matter (FM) — material of non-plant origin. This includes stones,
soil, wood, glass, insects, etc. and any other material such as plastic which
may have become included in the load. This category also includes any toxic
material of plant origin such as potato or nightshade berries in vegetable
crops. There is usually a nil tolerance for all these items, with the possible
exception of insects. It may be impossible to achieve complete absence of
insects, as even after chemical treatment they may remain in the dead state
often hidden within the leaves of such items as lettuce and calabrese.

» Extraneous Vegetable Matter (EVM) — parts of the crop plant other than that
to be consumed, e.g. bits of stem in a consignment of Brussels sprouts or leaf
in green beans. Small amounts may be allowed.

« Foreign EVM (FEVM) — parts of plants other than the crop species. Small
amounts may be allowed. This category does not include any toxic material
(see FM above).

There are two priorities in dealing with foreign bodies in a factory setting.
The first is adequate procedures for identifying and removing any remaining
foreign bodies contaminating raw materials coming into the factory. The second
is to ensure that the processing environment itself does not become a source of
foreign bodies. It can do so in a humber of ways:

» Through personnel handling food (hair, fingernails, plasters for cuts, or
jewellery, for example)

e Through badly designed or maintained equipment (metal or plastic
fragments, rust or loose nuts or screws)

» Through poorly designed or maintained buildings (for example, peeling paint,
glass or wood splinters)

» Through inadequate design and procedures for the control of pests, whether
insects, animals or birds.

Methods for detecting and removing foreign bodies are discussed in Chapter
16. The control of the air supply and water quality to prevent contamination is
discussed in Chapter 7. Personal hygiene is discussed in Chapter 15. The
hygienic design of buildings and equipment is covered in Chapters 6 and 8
respectively. The control of insect pests is discussed in Chapter 17.
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5.3 Chemical contaminants

The main groups of chemical contaminants that can be found in food share the
following characteristics:

» They are not intentionally added to food.
« Contamination can happen at one or more stages in food production.
 lliness may result if consumers ingest enough of them.

The first of these points distinguishes chemical contaminants from other
chemicals in food, e.g. vitamins and additives. The wide range of possible
sources of chemical contamination has major resource implications, particularly
in controlling chemicals that find a wide range of uses, for example pesticides.
In order to ensure consumer and worker protection, very careful attention must
be given at all stages in food production.

There are various types and sources of chemical contaminants:

» Pesticides and veterinary residues arising from agricultural production
< Naturally occurring toxicants

« Environmental contaminants

» Hazardous chemicals formed during processing

* Migration from packaging

» Contamination during processing.

A wide range of practical steps can be taken to control pesticide and veterinary
residues in food, including the following:

» Providing clear guidance and setting appropriate limits for use

» Effective surveillance and enforcement regimes by government

* Including these procedures and limits in supplier quality assurance schemes
« Testing incoming supplies of raw materials.

It is important to recognise that the use of pesticides near crops and farm
animals, and in factories concerned with food production, can also lead to
residues in food (Shaw and Vannoort, 2001). This can be particularly difficult to
detect if surveillance for residues looks mainly for those pesticides used directly
on crops or farm animals. The remedy is to extend surveillance and to enforce
national standards in the use of these chemicals.

There are three basic types of naturally occurring toxicants (Watson, 1998):

« Toxins produced by microbial contamination of food and raw materials used
in food production

» Toxins produced by crops (in some cases at least to protect the plants from
insects)

» Toxins ingested by food-producing animals.

The first category includes toxins produced by fungi (mycotoxins) and bacteria.
The second group includes a wide range of food-producing plants. The third is a
small group of marine toxins, mostly produced by dinoflagellate algae, that find
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their way up the food chain and to the consumer. Considerable progress can be
made in protecting consumers from many of the natural toxins in food by
applying good agricultural practices and through the careful handling of food.
As an example, crop rotation can reduce mycotoxin contamination, as can
keeping stored grain and seeds dry (Moss, 2002). Bacterial toxins are much less
likely to be found in food if HACCP systems are applied in food production.
Plant breeding can lead to higher as well as lower levels of toxins.

Polychlorinated biphenyls (PCBs) and dioxins have been perhaps the most
widely studied environmental contaminants in food. PCBs were used in a wide
variety of industrial applications and are very persistent contaminants, both in
the general environment and in human fat (Steering Group on Food
Surveillance, 1983). In theory the routes of entry into food are:

» Uptake from the environment by food-producing animals, particularly those
with high fat content (as PCBs are lipophilic)

» Direct contamination of food or animal feed

« Migration from packaging into food, just as other chemicals in packaging can
migrate into food.

Known sources of dioxins now also include vehicle exhausts, domestic coal fires,
manufacture and use of organic chemicals, and metallurgical processors. Two main
types of contamination of food appear to be involved: atmospheric deposition and
spreading of sludge, in both cases on farmland (Harrison, 2001a). Other environ-
mental contaminants in food include metals and a yet to be defined number of the
organic chemicals used in industry (Harrison, 2001b). Metal contamination of food
can occur in a wide variety of ways, including environmental and other sources such
as canning. Control depends on effective surveillance of food for environmental
chemical contaminants. Toxicological standards can be used to define whether or
not surveillance results show there is a hazard to consumer health. Both of these
types of approaches are now standard in the best surveillance programmes.

It has been very difficult to predict which chemicals might be formed during
food processing and might pose a hazard to consumers. There are already a few
established examples:

» There is evidence that carcinogenic N-nitrosamines can be formed during the
production of alcoholic beverages, fermented foods and cured meats
(Steering Group on Chemical Aspects of Food Surveillance, 1992).

» Carcinogenic polycyclic aromatic hydrocarbons can contaminate smoked
food (Bartle, 1991), although the main dietary sources of these compounds in
the UK appear to be early in food production.

« 3-Monochloropropane-1,2-dio (3-MCPD) and ethyl carbamate have both also
proven to be unwanted contaminants that are formed during food processing
(JFSSG, 1999a; Food Standards Agency, 2000).

* Acrylamides are formed when food is processed or prepared at high
temperatures, if the product contains both fats and carbohydrates and/or
proteins. Acrylamides are potentially carcinogenic (FAO/WHO, 2002).
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Early work on phthalate esters and several monomers such as styrene used to
make plastics demonstrated that chemical migration can occur from packaging
into food. There has been a huge amount of practical work on this over the last
30 years (various authors, 1997), much of it on plastics. Thus there are now in
place detailed controls on this aspect of plastics in the European Union (EU) and
the USA (FCM Unit, 2000). Less is known about chemical migration from other
packaging materials. Paper and board have been subjected to surveillance which
so far has shown that some chemicals can migrate from it into food (e.g.
diisopropylnaphthalenes; JFSSG, 1999b).

Contamination during processing can come from a range of sources,
including the following:

e Machinery lubricants

» Cleaning detergents and sanitisers

» Floor, wall and ceiling coatings and resins (including paint)
» Pesticides used in the factory.

The first of these can be avoided by use of appropriate lubricant (see Chapter 8).
Procedures for the use of cleaning and sanitising agents are discussed in Chapter
13 and methods for assessing potential contamination in Chapter 14. Hygienic
building design is discussed in Chapter 6.

5.4 Microbiological contamination

Pathogenic microorganisms are the major safety concern for the food industry. The
vast majority of outbreaks of food-related illness are due to pathogenic
microorganisms, rather than to chemical or physical contaminants. As they are
generally undetectable by the unaided human senses (i.e. they do not usually cause
colour changes or produce off-flavours or taints in the food) and they are capable
of rapid growth under favourable storage conditions, much time and effort is spent
in controlling and/or eliminating them. Even if microorganisms in a food are
destroyed by a subsequent cooking process, they may have previously produced
toxins, so the prevention of contamination through good hygienic regimes remains
vital. As well as pathogenic microorganisms, spoilage organisms either can be
naturally present or can gain access to food. Whilst not a food safety concern,
increased levels of spoilage organisms will usually mean a reduction in the length
of time that the food remains fit to eat. This can affect product quality and so also
influence the consumer’s perception of the product.

Growth of microorganisms will depend on a number of factors, such as
temperature, humidity/water activita(), pH, availability of nutrients, presence
or absence of oxygen and inhibitory compounds such as preservatives. Different
organisms require different conditions for optimal growth (e.g. some grow only
in the absence of oxygen, others prefer either warm or cool conditions).
Bacterial growth is by simple division of one cell into two (binary fission), and
their number will increase exponentially under favourable conditions.
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The effects that factors such as temperature, oxygen, pHagrtave on
microbial activity may be dependent on each other. Microorganisms generally
become more sensitive to oxygen availability, pH aqdat temperatures near
growth minima or maxima. Often, bacteria grow at higher pH, higigand
lower temperature under anaerobic conditions than when aerobic conditions
prevail. Microorganisms that grow at lower temperatures are usually aerobic and
generally have a high,, requirement. Lowering,, by adding salt or excluding
oxygen from foods (such as meat) that have been held at a refrigerated
temperature dramatically reduces the rate of microbial spoilage. Normally, some
microbial growth occurs when any one of the factors that controls the growth
rate is at a limiting level. If more than one factor becomes limiting, microbial
growth is drastically curtailed or completely stopped. Effective control of
pathogenic and spoilage bacteria thus depends on a thorough understanding of
the growth conditions favouring particular pathogens. This understanding can be
used to minimise contamination of incoming raw materials, to inactivate
bacteria during processing and prevent decontaminated food from becoming
recontaminated.

It is also important to know where and how, if growth conditions are
favourable, microorganisms can become established. They are particularly
attracted to surfaces which provide a stable environment for growth. Surfaces
exposed to the air are always vulnerable unless frequently and effectively
cleaned and sanitised. However, surfaces within closed equipment may also be
vulnerable. There are usually places in process lines, even if correctly designed,
where some product resides longer than desirable. Even if dead areas have been
designed out, some product will attach to equipment surfaces, even at high liquid
velocities. Microorganisms may reside on such surfaces long enough to
multiply. With the increase in the number of microorganisms, the numbers
washed away with the product increase as well, leading to eventual
contamination. The problem is exacerbated if a process includes dead spaces
where product can stagnate. As an example, if a celt.ofoli is trapped in a
dead space filled with 5 ml of a lightly viscous low-acid food product at a
temperature of approximately 25°C, it may take less than 24 hours for the
number ofE. coli cells to increase to a concentration of 0:210° per ml,
assuming they double every 40 minutes (Lelieveld, 2000). If every hour just 1 ml
is washed out from the dead space by the passing product, by the end of the first
day of production the product is infected with 200 milli@& coli cells each
hour. If the production capacity of the line is 5 million ml per hour, the average
E. coli contamination will be 200/5= 40 per ml. Many traditional process lines
have much larger (often very contaminated) dead spaces and growth rates can be
higher if conditions such as temperature are favourable.

Microorganisms may also penetrate through very small leaks. There is
considerable evidence that microorganisms may pass microscopic openings very
rapidly and that pressure differences may retard but not prevent passage, even if
the pressure difference is as high as 0.5 Barratia marcescensmiay move at a
speed of 160 mm per hour (Schneider and Dietsch, 1974). Motile bacteria may
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therefore propel themselves against the flow of liquid through a leak.
Microorganisms, motile or not, may also grow through a passage by forming
a biofilm on the surface. Studies of the migration of microorganisms through
microscopic passages show the passage of microorganisms through holes of a
few micrometres in diameter in a metal plate of 0.1 mm thicknesa@et al,,

1995).

When attracted to a surface, microorganisms deposit, attach and initiate
growth. As they grow and multiply, the newly formed cells attach to each other
as well as to the surface, forming a growing colony of microorganisms. When
this mass of cells becomes sufficiently large that it entraps debris, nutrients and
other microorganisms, a microbial biofilm is established (IFT, 1994). Biofilms
form in two stages. First, an electrostatic attraction occurs between the surface
and the microbe. The process is reversible at this state. The next phase occurs
when the microorganism exudes an extracellular polysaccharide, which firmly
attaches the cell to the surface. The cells continue to grow, forming
microcolonies and, ultimately, the biofilm.

These films are very difficult to remove during the cleaning operation.
Microorganisms that appear to be more of a problem to remove because of
biofilm protection includePseudomonaand L. monocytogenefNotermanset
al., 1991). Current information suggests that the application of heat appears to
be more effective than that of chemical sanitisers, and Teflon appears to be
easier to clear of biofilm than does stainless steel (Marriott, 1999).

Biofilm development may take place on any type of surface and is difficult to
prevent if the conditions sustain the multiplication of microorganisms. Many
microorganisms, including many pathogenkisferia monocytogenes
Salmonella typhimurium Yersinia enterocolitica Klebsiella pneumonige
Legionalla pneumophja form biofilms, even under hostile conditions such as
in the presence of disinfectants. Adverse conditions may even stimulate
microorganisms to grow in biofilms (van der Weneleal., 1989; van der Wende
and Characklis, 1990). Thermophilic bacteria (such Sseptococcus
thermophilu can form biofilms in the cooling section of milk pasteurisers,
sometimes within five hours, resulting in massive infection of the pasteurised
product (up to 1Bcells per ml) (Driessen and Bouman, 1979; Langeetldl.,

1995). On metal (including stainless steel) surfaces, biofiims may also enhance
corrosion which may result in microscopic holes. Such pinholes allow the
passage of microorganisms and thus may cause infection of the product. Like
other causes of fouling, biofilms will also affect heat transfer in heat exchangers.
On temperature probes, biofilms may seriously affect heat transfer and thereby
the accuracy of the measurement. Reducing the effectiveness of heat treatment
may itself help to stimulate further bacterial growth. On conveyor belts and on
the surfaces of blanching equipment, for example, biofilms may infect cooked or
washed products, which are assumed to have been made pathogen-free by the
temperature treatment received.

Biofilms may be much harder to remove than ordinary soil. If the cleaning
procedure is not capable of completely removing biofilms which may have
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developed, decontamination of the surface by either heat or chemicals may fail
as biofilms dramatically increase the resistance of the embedded
microorganisms (IFT, 1994). It is thus imperative that product contact surfaces
are well cleaned before disinfection. Krysinskial. (1992) studied the effects of

a variety of cleaning and sanitising compoundd.omonocytogeneallowed to
attach to stainless steel and plastic material used in conveyor belts for 24 hours.
They found that sanitisers alone had little effect on the attached microorganisms
even when the sanitiser exposure time was increased to 10 minutes. Unattached
cells, on the other hand, showed a 5-log reduction in numbers in 30 seconds. In
general, acidic quaternary ammonia, chlorine dioxide and peracetic acid were
the most effective sanitisers on attached cells. Least effective were chlorine,
iodophors and neutral quaternary ammonium compounds. When the attached
microorganisms were treated with cleaning compounds prior to treatment with
sanitisers, the bacteria were inactivated.

5.5 Controlling contamination: the case ofE. coli

Some of the key issues in this chapter can be seen by looking at how one major
pathogenEscherichia col{especially Vero cytotoxigenic types (VTEC) such as

E. coli 0157), contaminates food and the hygienic and other measures required
to prevent it. The growth-limiting parameters for pathogdaicoli are shown in
Table 5.1. A contaminated raw material is one of the most common reasons why
E. coliis present in a final product. Where a product receives no further process
capable of eliminating the organism, these contaminants will inevitably result in
potentially hazardous foods. VTEC outbreaks associated with cheese made from
unpasteurised milk (Anon., 1999), unpasteurised apple juice (Besakr1993)

and raw, fermented meats (Camerah al, 1995) have all implicated
contaminated raw ingredients as significant contributory factors.

Effective control of the raw material to preclude or reduce the organism is
absolutely critical to the safety of many food industry products (ILSI, 2001). The
primary raw materials implicated in foodborne outbreaks include raw milk, raw
beef and raw fruit. In all cases, the principal route of contamination to the
material is from exposure to animal faeces, particularly cattle and sheep. In the

Table 5.1 Growth-limiting parameters for pathogeriic coli

Minimum Optimum Maximum
Temperature (°C) 6.5 37 44-45
pH 3.6 — 9.0

aw 0.95 — —
Sodium chloride  Grows vigorously in 2.5% NacCl

Grows slowly in 6.5% NacCl

Does not grow in 8.5% NaCl
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case of raw milk, for example, controls that can reduce the introduction of faecal
pathogens into the milk supply centre on effective milking parlour hygiene
which includes cleaning and disinfection of udders and teats, together with
cleaning and sanitisation of the milking equipment used for milking itself and
subsequent milk storage systems (Johnson, 2002). This should include all
transfer pipes including portable hoses.

Meat, and beef in particular, have been frequently implicated in outbreaks of
foodborneE. coli 0157 infection. Meat becomes contaminated through the
transfer of faecal pathogens to the muscle tissue from faeces on the hide or from
the intestine itself during the slaughtering operation. Minimising this
contamination through the prevention of dirty animals entering the abattoir
via effective farm handling, transport and lairage control is essential. The
preclusion of dirty animals entering the slaughter line is part of the formal
process used, for example, at inspection in UK abattoirs. Animal hide removal,
evisceration and the handling of other parts of the animal carrying contaminants
such as the hooves must be carefully controlled to prevent transfer from these
areas to the muscle meat. Subsequent thorough cleaning and sanitisation of
product contact surfaces, particularly when cutting into primal joints, is
absolutely essential to prevent spread of any contaminants entering the plant
(Gill, 2000). Like raw milk, it is not possible to preclude contamination with
enteric organisms during raw meat processing and it is important to regularly
monitor the hygienic status of the carcass meat. This is particularly important
where the raw meat is subject to processes not capable of significantly reducing
levels of enteric pathogens such as in the manufacture of fermented meats. The
inability to preclude such contamination has led many processors, particularly in
the USA, to introduce steam pasteurisation plants, which reduce the concen-
tration of microorganisms on the surfaces of the meat while maintaining the raw
meat quality and appearance. These systems are capable of reducing
contamination on the surface by up to 3 log units (Phedtual, 1997) and
can make a significant contribution, together with effective animal husbandry
and slaughter hygiene, to minimising the levels and frequency of contamination
with these harmful organisms in raw meat.

In the case of fruit and vegetables, proper treatment of animal wastes prior to
application to soil used for growing these crops, including long-term storage and
composting, will help prevent crops becoming contaminated. Good agricultural
practices that avoid the use of ‘drop fruit’ and ensure wastes are never applied to
exposed crops intended for consumption without further processing, are simple,
obvious but nevertheless effective control measures to reduce the chances of
such materials being contaminated with VTEC.

Many production processes rely on simple washing stages to remove
extraneous dust and soil and to reduce levels of contaminating organisms
including pathogens, e.g. ready-to-eat salads and vegetables and fresh,
unpasteurised fruit juices. A variety of outbreaks involving these products have
highlighted the vulnerability of the minimal processing employed in their
production. Salad vegetables and fruit are usually washed in chlorinated water
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prior to further processing. Chlorine levels used in commercial practice have
historically been ak200 mg/kg. Studies have shown this level to be capable of
reducing levels of contaminating pathogens by 1-2 log units.

Outbreaks associated with salads in particular have, however, prompted
processors to investigate much higher levels of chlorination or indeed the use of
other sanitising agents in an attempt to achieve greater reductions (Taormina and
Beuchat, 1999). Whatever method is used, it is important to ensure that the
active ingredient, most often chlorine, is present in its active form on a
continuous basis. Washing systems have just as much capacity to spread
contamination as they have for reducing it if the wash water is not regularly
changed or the levels of active ingredients are not properly maintained. In
addition, it is important to recognise that washing efficacy will also be
dependent on facilitating good contact between the contaminant and the
antimicrobial agent, and the surface structures of many vegetables and fruits can
offer significant protection to microorganisms. Washing systems that
incorporate means for agitation will clearly be helpful in reducing
microorganisms on these plant material surfaces.

The majority of food products are manufactured with some form of
processing, and some processes are capable of reducing or eliminating VTEC, if
present. In such circumstances, it is the application of effective controls at
critical stages of the manufacturing process that, if properly and consistently
applied, will generate a safe finished product. Products such as cheese made
from pasteurised milk, cooked meats and ready meals are all subject to processes
in which the organism should be effectively eliminated. Processes used to
produce products such as prepared, ready-to-eat salads and raw, fermented
meats together with some hard cheeses made from raw milk usually result in the
reduction of contaminating pathogens, but survival may occur, particularly if
initial contamination levels are high. There are some products such as soft
cheese made from raw milk or sprouted seeds such as beansprouts or alfalfa
sprouts where the production process can allow growth and lead to elevation of
pathogen levels if present originally in the raw material. However, even with
these products it is possible to identify production methods that, if applied
correctly, can reduce the risk associated with their consumption.

The application of effective processes and, hence, process controls
necessitates some understanding of the effect of different process stages of
the growth and survival of potential pathogens that might be present. Once
understood, it is then possible to introduce relevant systems for monitoring the
processes. As the growth-limiting parameters outlined in Table 5.1 indicate, heat
processing is a very effective way of eliminating pathogdaicoli. Similarly,
the rapid acid production and associated pH reduction that occur during
fermentation, when combined with drying which affects water activagy),(also
significantly reduce contamination levels.

A recurring factor often identified as a reason for outbreakg.aofoli 0157
and VTEC infection is contamination of the product after application of the
pathogen reduction process. Contamination usually arises from either exposure
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of the finished product to raw materials or exposure of the product to
contamination from the environment or people. Facilities and procedures must
be in place to segregate raw materials and finished products and to prevent them
from coming into contact. In the manufacture of cooked meat, ready meals or
prepared salads this is usually achieved by separating the factory into two areas:
low- and high-risk areas. The decontamination stage is used as the division
between the two areas such as the building of an oven into a separating wall or
the placing of a chlorinated wash water flume between high- and low-risk
operations. Individuals on the low-risk side handle the raw product and then,
after processing, it is removed by individuals dedicated to the high-risk side.
These principles of segregation should be applied to all personnel moving from
the low-risk side of the factory to the high-risk side, with appropriate coat and
footwear changes and appropriate hand-washing procedures. An infectious
disease policy must be in place for operatives handling ready-to-eat products,
which should include notification of any instances of infectious disease and
associated absence from work. These issues are discussed in detail in Chapters 6
and 15.

Effective cleaning and disinfection of all equipment is essential. It is
particularly important to prevent organisms from building up in the equipment
used for processing raw material. High levels at these stages may result in spread
of contaminants to other batches or excessive levels that may exceed the
capacity of the subsequent process, e.g. cooking or fermentation to reduce initial
levels of any bacterial pathogens to those resulting in a safe finished product.
Cleaning efficacy can be monitored using indicators of hygiene such as tests for
coliform bacteria or ATP bioluminescence tests, which monitor the presence of
residual levels of ATP from product residues and microorganisms (see Chapter
13). Improperly used, such methods may lead to incorrect conclusions. The use
of these methods, therefore, also requires understanding of their limitations.

Effective segregation between raw products and those intended to be
consumed as ready-to-eat must also be operated in both the retail and catering
environments. This includes using separate counters for displaying raw and
cooked foods or having Perspex/safety glass dividers in counters to keep them
apart. Safe procedures for serving, slicing or weighing raw and ready-to-eat
foods must be developed. Personnel carrying out such practices should be
appropriately trained to understand the risk associated with cross-examination
from raw foods and from items coming into contact with raw foods such as
equipment, surfaces and hands. They should be provided with the appropriate
facilities to undertake good hygienic practices such as regular and effective hand
washing (see Chapter 15).
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Hygienic plant design

G. Wierenga, Ingenieursbureau Het Noorden BV, The Netherlands
and J. T. Holah, Campden and Chorleywood Food Research
Association, UK

6.1 Introduction

The decision to invest in a new or existing production facility always aims to
improve the profitability of the enterprise. Investing in hygienic facilities is
important because it provides the foundation for the production of food products
which are safe for the consumer to eat and of an appropriate quality. Hygienic
design needs, however, to be compatible with other essential requirements. Plant
design or modification should provide an appropriate environment for
processing operations, while ensuring compliance with all applicable building
safety and environmental regulations. Layouts, for example, should allow ready
access to equipment for both routine and non-routine maintenance. Materials
selected should be sufficiently rugged to withstand likely service conditions or
be easily replaced or repaired.

Planning is very much a multi-disciplinary process in which the architect,
civil engineer, production manager, heating, ventilation and cooling experts are
each specialists in the team. A quality assurance or hygiene manager will be a
key member of the team. It is important to make use, as far as possible, of
companies with experience and expertise in the design and construction of food
processing facilities for both the planning and construction stages. Generally it is
better to enlist local professionals who are well experienced in local legislation
on building and planning, know the climate, and have extensive knowledge of
the location, soil and groundwater conditions, for example.

The primary aim of hygienic plant design should be to set up effective
barriers to microbial and other contamination. Factories should be constructed as
a series of barriers to limit the entrance of contaminants. Within a plant there
will be areas with differing levels of hygienic design and operational
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requirements. Broadly there are three main types of area with ascending
hygienic requirements:

* Level 1: non-production areas

» Level 2: food processing operations dealing with undecontaminated product
or finished goods

« Level 3: food processing operations dealing with decontamination processes
and decontaminated product before it receives its final protective packaging.

Non-production areas include office space for management and admini-
strative staff, facilities for production staff such as canteens and rest rooms, car
parking and storage facilities, for example. Hygienic design requirements and
procedures will be less stringent than in other parts of the plant. However,
hygienic design and operation will still be important. Non-production areas must
be clearly segregated from production areas so that unauthorised staff, for
example, are not allowed to move from one area to the other, contaminating
production areas in the process. Toilet and washroom facilities must be
sufficient to allow production staff to maintain appropriate levels of personal
hygiene. Premises and storage areas must, for example, be designed to be easily
maintained, and be kept in good order, if they are not to attract pests and become
sources of contamination themselves. Poor hygienic design and operation will
increase the contamination ‘load’ on barriers protecting production areas and
make it more likely that they will be breached. Each level of hygienic design is
therefore important.

Level 2 ‘hygienic areas’ (sometimes referred to as ‘low-risk or good
manufacturing practice (GMP) areas’) include food processing operations
dealing with undecontaminated product. These include any food components of
the final product that have not been decontaminated so that they are effectively
free of bacteria prejudicing or reducing the microbiological safety or shelf-life
of the finished product. Such starting materials should be handled in the factory
so that numbers of contaminants are not increased and they cannot contaminate
any other components that have already been decontaminated. As an example,
the layout of processing areas should be designed on the forward flow principle
to prevent cross-contamination. Undecontaminated material should not be
handled by personnel also handling finished product (except with the
appropriate hygiene controls and separation), or allowed to enter high-care
areas (HCA: see below). Hygienic areas should be designed and constructed for
easy cleaning so that high standards of hygiene can be achieved to prevent
pathogens, for example, from becoming established and contaminating products.
Areas conforming to this standard can also be used for the post-process handling
of in-pack decontaminated products.

The final and most stringent level of hygienic design and operation is ‘high-
risk areas’ (HRA). A high-risk area is a well-defined, physically separated part of
a factory which is designed and operated specifically to prevent the
recontamination of decontaminated ingredients and products after completion
of the decontamination process and during assembly and primary packaging.
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Usually there are specific hygiene requirements covering layout, standards of
construction and equipment, the training and hygiene of operatives, engineers
and management and a distinct set of operational procedures (especially covering
the intake and exit of food components and packaging material), all designed to
limit the chances of decontaminated product becoming recontaminated.

Care must be taken in using such terms as ‘high-risk’ or ‘high-care’. Their
use can imply to employees and other people that lower overall standards are
acceptable in those areas where, for example, operations concerned with raw
material reception, storage and initial preparation are undertaken. In practice, all
operations concerned with food production should be carried out to the highest
standard. Unsatisfactory practices in so-called low-risk areas may put greater
pressures on the ‘barrier system’ separating the two areas. The advent of the use
of more ‘pharmaceutical’ techniques in hygienic food manufacture may lead to
the use of appropriate pharmaceutical terminology, e.g. ‘clean’ zones. Most of
the requirements for the design of hygienic areas, HCA and HRA, and on
preventing recontamination in HRA, are the same, with the emphasis on
minimising contamination in hygienic areas (Anon., 1997a). In considering
whether a high risk is present or high care is required and therefore what
specifications should be met, food manufacturers need to carefully consider their
existing and future product ranges, the hazards and risks associated with them
and possible developments in the near future. If budgets allow, it is always
cheaper to build to the highest standards for all three levels of hygienic area
from the onset of construction rather than try to retrofit or refurbish at a later
stage.

As well as differing types of hygienic area, each providing a barrier to the
risk of contamination, there are three other basic barriers which are outlined in
Fig. 6.1:

1. The first barrier represents the siting of the factory.

2. The second represents the factory building which should separate the
factory from the external environment.

3. The third represents the internal barriers that are used to separate manu-
facturing processes of different risk, e.g. pre- and post-decontamination.

Each of these barriers has different types of hygienic design requirement which
will be discussed in more detail in the following sections.

6.2 The factory site

The design, construction and maintenance of the site surrounding the factory
provides an opportunity to set up the first outer barrier to protect production
operations from contamination. The site should ideally be in an area with good
air quality, no pollution problems (e.g. from other industrial plants) and
uncontaminated soil. Well-planned and properly maintained landscaping of the
grounds can assist in the control of rodents, insects and birds by reducing food
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Fig. 6.1 Layout of a factory site showing key barriers against contamination:
1 — perimeter fence; 2 — main factory building; 3 — high-risk area.

supplies and breeding and harbourage sites (Shapton and Shapton, 1991).
Katsuyama and Strachan (1980) and Troller (1983) suggest that the area
immediately adjacent to buildings be kept free of trees and bushes, and that it
also be kept grass-free and covered with a deep layer of gravel or stones (Fig.
6.2). The use of two lines of rodent baits located every 15-21 m along the
perimeter boundary fencing and at the foundation walls of the factory, together
with a few mouse traps near building entrances, is advocated by Imholte
(1984).

Imholte (1984) advocates orientating buildings so that prevailing winds do
not blow directly into manufacturing areas. Good landscaping of sites can also
reduce the amount of dust blown into the factory, as can the sensible siting of
any preliminary cleaning operations for raw materials which are often
undertaken outside the factory. The layout of vehicular routes around the
factory site can also affect the amount of soil blown into buildings. Shapton and
Shapton (1991) suggest that for some sites it may be necessary to restrict the
routes taken by heavily soiled vehicles to minimise dust contamination. They
also stress the importance of ensuring that waste material is not left in uncovered
containers and that any spillages of raw material are cleared up promptly so as
not to attract birds, animal or insect pests. Some insects require water to support
their life cycle, e.g. mosquitoes. All areas where water could collect or stand for
prolonged periods of time need to be removed or controlled. Imholte (1984) also
draws attention to lighting for warehouses and outdoor security systems
attracting night-flying insects and recommends high-pressure sodium lights in
preference to mercury vapour lamps. Entrances that have to be lit at night should
be lit from a distance with the light directed to the entrance, rather than lit from
directly above. This prevents flying insects being attracted directly to the
entrance.
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6.3 The factory building

The building structure is the second, major barrier, providing protection for raw
materials, processing facilities and manufactured product from contamination or
deterioration. Protection is from potential sources of environmental
contamination including rain, wind, surface runoff, delivery and dispatch
vehicles, dust, pests and uninvited people. While protecting against these
sources of contamination, the factory buildings should also be designed and
constructed to suit the operations carried out in them and should not place
constraints on the process or the equipment layout. If they do, they may
compromise subsequent internal barriers against contamination.

Shapton and Shapton (1991), Imholte (1984) and Timperley (2003) discuss
the various methods of forming the external walls. A typical example of a
suitable outside wall structure is shown in Fig. 6.3. The diagram shows a well-
sealed structure that resists pest ingress, provides nowhere for birds to perch or
nest and is protected from external vehicular damage. The ground floor of the
factory is also at a height above the external ground level. By preventing direct
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Fig. 6.4 Design of foundations for the external walls of a food processing plant (from
Timperley, 2003).

access into the factory at ground floor level, the introduction of contamination
(mud, soil, foreign bodies, etc.), particularly from vehicular traffic (forklift
trucks, raw material delivery, etc.), is restricted. The wall is well sealed at both
the top (to the ceiling and roof) and the bottom (to the foundations and flooring)
to prevent dirt, dust and pests getting into the building. Weatherproof flashing
provides protection at the bottom of the wall against damage and corrosion. A
wide kerb provides further protection.

Figure 6.3 is complemented by Fig. 6.4 which looks in more detail at
foundations. Some rodents can burrow over 1 metre vertically and foundations
need therefore to drop a minimum of 600 mm below ground level. If the base of
the building already has a kerb (as shown in Fig. 6.3), it should protrude by a
minimum of 300 mm. In some older buildings, the foundations may be too
shallow and will not prevent rodents from burrowing underneath. In these cases
it is recommended that a curtain wall is built against the existing outside walls or
footings to a depth of at least 600 mm below ground level with a bottom member
turned outwards from the building to a distance of 300 mm to form an ‘L’ shape.

All points where cables, drains and services pass through foundation walls
and floors must be sealed. Drains and sewers must be proofed and regularly
maintained to prevent rodents gaining access and using them as harbourage or as
a means of entry to buildings. Any defective drains must be located and
repaired. Inspection chambers, covers, hatches and rodding caps must be
inspected regularly and all disused lengths of drain either filled with concrete to
the connection with the sewer or collapsed and the trench filled with dense
hardcore. Any stormwater drains should be protected with top-hung flaps and
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maintained regularly to remove silt and leaves. Back inlet gulleys can be used to
prevent rodents from entering and climbing the inside of rainwater pipes at
ground level (Fig. 6.5). If these are not fitted, then rodent access can be
controlled by means of wire mesh balloons fitted to the outlet from the gutter.
These balloons must have a mesh size of 6 mm or smaller and should also be
fitted at the top of any soil or ventilation pipes. Wire mesh should not be used at
the bottom of downpipes because of the risk of blockage. External climbing of
downpipes by rodents can be prevented by fitting flat or cone-shaped guards.
These should be sited high enough to clear vehicular or pedestrian traffic but not
above the level of any sills, mouldings or branch pipes which may provide
alternative routes into the building.

Rodents are able to squeeze through small holes in order to gain access to
buildings. A small rat can squeeze through a 10 mm crack and a mouse through
one of 6 mm. Small holes in brick, stone or concrete walls and floors should be
filled with mortar. Large holes should be filled with brick or stone set in mortar.

If this is impractical then concrete can be used. To prevent rodents from re-
opening holes during the setting period of the concrete or mortar, 25% rapid
hardening cement can be used as part of the overall mixture. Alternatively, holes
can be filled with crushed chicken wire prior to concreting. Repairs should be

done early in the day to ensure that the concrete has set before nightfall.

Roofs should be kept in good repair, regularly inspected and any missing or
damaged slates or tiles replaced. All holes formed at junctions with the eaves
must be sealed either by fitting templates cut to shape or by the application of a
suitable sealing material which cannot be pecked out by birds. Any ventilation
opening should be proofed with 10 mesh monofilament nylon mesh mounted in
a removable frame of metal or PVC to allow regular inspection and cleaning.
Exhaust fans should be fitted with shutters which are self-closing when the fan
is idle.
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Rodents can climb rough brickwork or stone walls. This can be prevented by
the application of a smooth coating of cement and painting it with a hard gloss
finish. This coating should be applied below any dock leveller and a minimum
of 2 metres either side of any sliding doors when they are fully open. Where
composite metal wall panels are used, particular attention must be paid to
sealing them effectively at the top and bottom junctions. Profiled metal capping
strips should be welded to corrugated metal wall panels to prevent rodents from
gaining access to the inner hollow core between the outer metal panel and
insulation.

The type of building, either single- or multi-storey, needs to be considered.
Imholte (1984) describes the advantages and disadvantages of both types of
buildings. He also suggests a compromise may be achieved by having a single-
storey building featuring mezzanine floors to allow gravity flow of materials,
where this is hecessary. Single-storey buildings are preferred for the majority of
high-risk (e.g. chilled food) operations and generally allow the design criteria for
high-risk areas to be more easily accommodated. However, it should be
appreciated that where production is undertaken in renovated buildings, it may
not be possible to capitalise on some of the advantages quoted by Imholte
(1984). Of particular concern in multi-storey buildings is leakage, of both air and
fluids, from areas above food-processing areas. Contamination can enter high-
risk areas via leakage through both floor defects and badly maintained drains.
Drainage systems can act as air distribution channels, with air from low-risk
areas (both above and below) being drawn into high-risk areas. This can
typically occur when the drains are little used and the water traps dry out.

In general, openings such as windows and doors should be kept to a
minimum. A good case can be made for high-risk operations being in a
windowless area. As Imholte (1984) observes: ‘Regardless of the sophistication
of the heating, ventilating and air-conditioning systems, there are always those
who are uncomfortable with the surrounding temperature conditions and feel the
need to open a window or a door.’ If they are required, e.g. to allow visitor or
management observation, windows should be glazed with either polycarbonate
reinforced or laminated sheet. Ideally they should be double-glazed and
permanently closed. A glass register, detailing all types of glass used in the
factory, and their location, should be compiled. External windows that contain
glass should be provided with a protective film to contain breakages. No glass
should be permitted in a process area where breakage could contaminate the
product. External windows may be tinted to assist solar control.

The material for window frames should be a low maintenance type such as
UPVC or aluminium and sealed around the edges with a good quality filler such
as two-part polysulphide. Internal sills should be sloped (20°-40°) to prevent
their use as ‘temporary’ storage places, with external sills sloped at 60° to
prevent birds roosting. Any opening windows in production areas must be
screened and the screens be designed to withstand misuse or attempts to remove
them. Screens should be constructed with insect mesh mounted in a removable
frame of metal or PVC for cleaning. The mesh gauge may be stated as 5/7 strand
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per cm (18/16 strand per inch) but the maximum hole size should be 1.4 mm.
The mesh may be nylon, PVC-coated fibreglass, stainless steel or aluminium.

External doors may be one of the following types chosen for its security,
hygienic and/or practical application:

* Swing

* Horizontal sliding
* Roller shutter

* Hinged

* Folding sliding
» Vertical sliding.

In all cases, the following design criteria should be met:

» A tight fit is achieved between the door and its frame.

* The correct material is used.

» Each door is self-closing.

e Opening and closing is smooth.

» Surfaces are cleanable.

» Door handles are easily cleaned and do not trap dirt.

* The design is hygienic, having a smooth finish, radiused edges and minimal
seams.

The four materials in general used for door construction are steel, clad timber,
rubber and plastic (e.g. PVC or GRP — glass-reinforced plastic). Steel doors are
used extensively but tend to be insufficiently robust, easily distorted, heavy to
operate and difficult to maintain. Exposed wood is vulnerable to rodent attack
and is therefore an unsuitable material for door frames. Plastic coated timber
may be used. This is more adaptable, easier to clean, operate and maintain, and
is likely to suffer less from excessive damage.

All external doors should be self-closing and fit closely in the opening with
no gaps exceeding 6 mm and preferably less than 3 mm. All external door frames
should be sealed at the junctures with the walls and floors and kept in good
repair. Doors should be provided with vision panels, kick plates and push plates.
Vision panels should be made of a suitable material, e.g. polycarbonate. Where a
fire-rated door is required the use of special wired laminated glass is
recommended. This should be enclosed by plastic film or sheets of
polycarbonate. External doors should not open directly into food production
areas. If doors are to be used at night, it is good practice to position lights 9 to 12
metres from the door to attract insects away from the door area. Sliding and
concertina doors should have all gaps between the door and the frame sealed
with brush strips. Roller shutter doors should fit closely at the base and have a
rubber strip fitted to ensure that no gap exceeds 6 mm. All doors which have to
remain open for vehicle entry and/or loading can be proofed by installing ‘rapid
roll' PVC doors or heavy duty PVC strip curtains with the correct overlap, as
specified by the manufacturers. The use of air curtains can be effective against
insects but they should not be the only proofing measure used.
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Access to processing areas from outside should be via double doors with an
air lock or by use of a lobby with a door at each end (see, for example, Fig. 6.9
on page 99). An insect trapping device must be provided in the lobby. Large
doors which are not in constant use may be equipped with a small personnel
door. This facility should encourage employees to keep the large door closed.
Air curtains or air doors can be used to keep out flying insects or condensation
ingress to cold stores in areas under positive pressure. These must cover the total
width of the opening and have adequate depth. The effectiveness of air curtains
depends on the velocity of the air, the width, thickness and angle of the curtain,
internal air temperatures and pressures together with the absence of strong
winds. These doors are not very effective against strong wind. Chilled and
frozen products require an air lock system to prevent an influx of ambient air
during loading and unloading. A system of traffic signals and door interlocks
must be incorporated into the building. The outer door may be a roller shutter
door, with the inner door insulated to meet the temperature requirements. All
trucking doors should be protected from damage by the use of guard rails or
posts. Emergency exits must be fitted with ‘out-only’ operating bars. The doors
must remain closed except in the case of an emergency. In order to avoid the
inconvenience and restriction of movement which fire doors impose,
electromagnetic catches may be fitted. These catches can be connected to the
fire alarm system such that doors will be released in the event of fire. Approval
for their use must be obtained from the fire authority.

6.4 General design issues for the factory interior

The main principles of hygienic design of the interior of a factory unit should be
to remove any potential internal sources of contamination and to prevent any
external contaminants from accumulating. The first principle can be achieved in
a number of ways, including the following:

* Materials in the proximity of food processing operations should be non-toxic.

e Glass, wood and other materials that could present a serious hazard to
consumers if fragments contaminate food should be avoided.

» Materials must be durable and able to withstand the operational environment,
including extremes in temperature, physical impact vibration, moisture and
corrosion from food materials (e.g. those containing organic acids).

« Services such as water or steam should be designed so they do not provide a
growth medium for contaminants (e.g. through condensation) or become
contaminated themselves.

The second principle can be achieved by such design features as the following:

« No inaccessible areas, cavities or seams where dirt can gather.
« All areas and corners easily accessible for inspection and cleaning.



Hygienic plant design 87

« Surfaces should flow off (at > 3°) to prevent dirt or fluid accumulating.

* No horizontal surfaces. If there is a possibility dirt can gather, a vertical
gradient of 45° is recommended with a round or half-round profile.

» Joins such as welds should be continuous and smooth with the surrounding
surface.

« No sharp corners or right-angles. Corners should be radiused with the use of
coving.

» Materials should be easily cleaned, smooth and non-porous so that dirt cannot
accumulate.

6.5 Walls

Hygiene standards for walls as defined in various EC Directives require that they
must be constructed of impervious, non-absorbent, washable, non-toxic
materials and have smooth crack-free surfaces up to a height appropriate for
the operations. For high-risk areas the standard of construction and finish must
apply right up to ceiling level. The same hygienic assessment techniques as
described for flooring materials are also directly applicable to wall coverings
and finishes. Guidelines for the design and construction of walls have been
prepared by Timperley (2003).

A number of different types of materials may be used to construct walls
forming the boundaries of a high-risk area and of the individual rooms within the
area. When considering the alternative systems, a number of technical factors
such as hygiene characteristics, insulation properties and structural
characteristics need to be taken into consideration. Materials need to be
resistant to corrosion from food materials (for example those containing organic
acids). They should also be resistant to temperatures up to 85°C.

Modular insulated panels are now used very widely for non-load-bearing
walls. The panels are made of a core of insulating material between 50 and
200 mm thick, sandwiched between steel sheets, which are bonded to both sides
of the core. Careful consideration must be given, not only to the fire retardation
of the wall insulation or coating material, but also to the toxicity of the fumes
emitted in the event of a fire as these could hamper a fire-fighting operation. The
steel cladding is generally slightly ribbed to provide greater rigidity and can be
finished with a variety of hygienic surface coatings, ready for use. The modules
are designed to lock together and allow a silicone sealant to provide a hygienic
seal between the units. The modules can be mounted either directly (in a U-
shaped channel) onto the floor or on a concrete upstand or plinth (Fig. 6.6). The
latter provides useful protection against the possibility of damage from vehicular
traffic, particularly fork-lift trucks. However, it should be appreciated that this
arrangement reduces the possibility of relatively easy and inexpensive changes
to room layout to meet future production requirements. Sections fixed directly
onto the floor must be properly bedded in silicone sealant and coved to provide
an easily cleanable and watertight junction.
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Fig. 6.6 Design and installation of internal walls and flooring.

Movement joints must be designed to allow for expansion and/or contraction
of the wall structure and must coincide with existing movement joints in the
base slab. It is essential that provision is made for movement joints to be built in
as work proceeds and not cut into finished work. Movement and expansion
joints should be filled with a suitable packing and/or sealant material and the
joint covered with metal angle or cover strip to prevent rodent access to the
joint. Fixing materials such as bolts and nuts, screws and nails should be
smoothed away completely. If this is not possible, nut heads should fit smooth
on the surface.

To ensure continuity in the appearance and surface characteristics of walling
throughout a food processing area, thin sections (50 mm) of insulated panel are
sometimes used to cover external or load-bearing walls. When such a practice is
adopted, there is a possibility of introducing harbourage sites for pests between
the two walling materials. The chances of problems occurring are greatly
increased if openings for services are made in the insulated panels without
effective sealing. Although it is preferable to form the internal finish as an
integral part of the wall structure, various cladding systems of polypropylene,
polyvinyl chloride or stainless steel can be used in some circumstances.
However, great care has to be taken to prevent mould growth or infestation with
pests such as spiders and insects, in areas where the cladding is not flush with
the background wall.



Hygienic plant design 89

Load-bearing and fire-break walls are often constructed from brick or
blockwork. Walls made from such materials do not generally provide a smooth
enough surface to allow the direct application of the various types of coating. A
common practice is to render the brickwork with a cement and sand screed to
achieve the desired surface smoothness for the coating layer. The walls may be
covered by other materials such as tiles or sheets of plastics. The former is
preferred, provided each tile is fully bedded and an appropriate resin is used for
grouting. In very wet or humid areas, where there is a strong possibility of mould
growth, the application of a fungicidal coating may be considered. There is
evidence that some such coatings remain effective for many years.

Partition walls constructed from either hollow blockwork or composite panels
must be sealed at the top and bottom to prevent rodents from entering the inner
hollow core. This can be accomplished by laying a solid block course to cap
hollow blockwork walls or welding a capping strip to composite panels. Cavity
walls provide excellent harbourage for rodents and allow them access between
different parts of a building. Rodents often gain access via air-bricks or
ventilators and these should be proofed with metal mesh having openings of
6 mm or less. Internal ventilators should be constructed from metal or proofed
with metal mesh if of plastic construction. Any damage to cavity walls must be
repaired immediately.

The coating applied as the top layer must result in a finish that is smooth,
easy to clean, durable and impermeable. Material used should also be non-toxic.
Liquid paint-based systems comprise a primer, one or more undercoats and one
or more finishing coats. The finishing coats may be emulsion paints, oil-based,
epoxy or polyurethane paints, or chlorinated or acrylated rubber paints. In areas
where high levels of humidity or condensation occur regularly, it may be
necessary to apply a fungicidal paint system to control the growth of moulds.
Some paint systems rely on leaching of chemicals from within the paint to
control mould growth. These types of paint are not generally considered suitable
for use in food processing areas because of the potential contamination and taint
hazard. Reinforced liquid coatings, based on glass fibres mixed with an epoxy
resin, can also be used to provide a smooth finish which is easy to clean, and
also gives good resistance to many chemicals, impact damage, and abrasion, all
of which are good hygienic features. However, taint problems can potentially
arise during their application.

The overall shape of the wall is also important. The presence of ledges and
similar features (e.g. around windows) can result in a significant hazard as
regards accumulation of debris, and this has to be considered at the design stage.
Having installed hygienically suitable floors and walls, it is important that floor-
to-wall, wall-to-wall and wall-to-ceiling joints are hygienically constructed.
Covings should provide an easily cleaned surface at wall, floor and ceiling
junctions. A 50 mm radius curve or a 50 50 mm deep chamfer is generally
considered to be large enough to enable easy cleaning (although extra
consideration will have to be made to prevent damage from moving traffic
such as trolleys and fork-lift trucks).
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In floor-to-wall junctions, a 50 mm radius resin cove or a coved tile can be
used, depending on the nature of the flooring material (tiles tend to be 30 mm in
radius). Its upper join is terminated by a galvanised or stainless steel stop bead
secured to the wall, with the wall render finishing above this bead. Silicone
sealant is used between the tile or resin and the stop bead to allow for thermal or
other movement of the wall and flooring. All spaces between floor joists or
rafters should also be filled in order to prevent rodents gaining access to the tops
of the walls.

6.6 Ceilings

Ceilings should be smooth with no seams. Seams should be sealed. If the ceiling
is suspended the space above the ceiling should be accessible and cleanable. A
minimum clearance of 1.5m is advisable to allow access. Suspended ceilings
can be constructed using suitable load-bearing insulation panels or suspending
sections of insulated panels, as used for the internal walls, from the structural
frame of the building. The use of such insulated panels meets legislative
requirements by providing a surface that is easily cleanable and will not shed
particles. It is important to ensure that drops from services passing through the
ceiling are sealed properly to prevent ingress of contamination. Cables may be
run in trunking or conduit but this must be effectively sealed against the ingress
of vermin and water. All switchgear and controls, other than emergency stop
buttons, should, whenever possible, be sited in separate rooms away from
processing areas, particularly if wet operations are taking place.

Lighting may be a combination of both natural and artificial. Artificial
lighting has many advantages in that, if properly arranged, it provides illumi-
nation over inspection belts and a minimum of 500-600 lux is recommended.
Fluorescent tubes and lamps must be protected by shields, usually of
polycarbonate, to protect the glass and contain it in the event of breakage.
Suspended units should be smooth, easily cleanable and designed to the
appropriate standards to prevent the ingress of water. It is suggested that lighting
units are plugged in so that in the event of a failure the entire unit can be
replaced and the faulty one removed from the processing areas to a designated
workshop for maintenance. Ideally, recessed lighting flush with the ceiling is
recommended from the hygienic aspect but this is not always possible and
maintenance may be difficult.

6.7 Floors

The floor in a food factory forms the basis of the entire processing operation,
and a failure in the floor often results in lengthy disruptions of production and
financial loss while repairs are carried out. Unsatisfactory floors increase the
chances of accidents, cause difficulties in attaining required hygiene standards
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and increase sanitation costs (Timperley, 2002). Both its physical durability and
hygienic qualities have to be considered. The overall design of the floor must be
such that it can be effectively cleaned and disinfected, is safe in use (e.g. anti-
slip) and that it is stable under these cleaning regimes and to normal processing
activities (i.e. does not begin to disintegrate, which may result in microbial or
physical contamination of the food being processed). Guidelines for the design
and construction of floors have been prepared by Timperley (2002).
Design specifications for floors should cover the following:

» The structural floor slab
» The waterproof membrane, which should extend up walls to a height above
the normal spillage level
« Movement joints in the subfloor and final flooring, around the perimeter of
the floor, over supporting walls, around columns and machinery plinths
» Drainage, taking into account the proposed layout of equipment
» Screeds, either to give a flat enough surface to accept the flooring or to form
the necessary falls when these are not incorporated in the concrete slab
» Floor finish, either tiles or a synthetic resin
» Processing considerations, including the following:
— trucking
— impact loads from proposed operations, and equipment and machinery to
be installed
— degree of product spillage and associated potential problems with corro-
sion, thermal shock and drainage requirements;
— types of cleaning chemicals to be used and requirements for slip resistance.

Figure 6.6 shows a cross-section of a typical tiled, concrete factory ground floor,
illustrating the various layers necessary to provide the required strength, stability
and other properties (e.g. damp proofing). The structural floor slab (i.e. the base
on which the top layer of flooring will sit) should be capable of withstanding all
structural, thermal and mechanical stresses and loads which will occur during
service, as a failure will compromise the hygienic properties of the top-layer
flooring. In particular, allowances should be made for expansion, contraction
and cracking, and where appropriate for problems arising from hydrostatic
pressure and rising damp. This can, under certain circumstances, cause the
adhesion between the floor slab and flooring to fail. In general, the floor slab
should be free from contamination, dry, and finished with a strong, even surface.

All wet- or corrosion-resistant floorings need to be laid on a waterproof and
acid-resistant membrane. This is particularly important in the design of
suspended floors, where deflection due to heavy moving loads may cause
cracks or fissures through which corrosive liquids (or water during cleaning
operations) might pass to damage the structural concrete. Some of the main
requirements of the membranes are that they should be:

« resistant and impermeable to specified liquids (depending on factory use)
e continuous
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e strong enough to support imposed loads and resist damage during flooring
repairs

» capable of flexing

» extended up the walls to a height above the normal spillage level

« carried over plinths or kerbs, below drainage channels and into drains.

The flooring material itself can be made of a number of different substances.
Although concrete is resistant to chemical attack from alkalis, mineral oils and
many salts, it is attacked by acids, vegetable and animal oils, sugar solutions and
some salts. It is also porous and tends to crumble under impact or when abraded.
As such, it is not generally considered to be suitable as a flooring material for
most food processing areas. However, it can be improved by various means so
that it can be used in some food storage and access areas.

The choice of flooring surfaces can be broadly grouped into three categories:

e Concretes
* Fully vitrified ceramic tiles
* Seamless resin screeds.

Concrete flooring, including high-strength granolithic concrete finishes,
although suitable and widely used in other parts of a factory, is not recom-
mended for food processing areas. This is because of its ability to absorb water
and nutrients, allowing microbial growth below the surface where it is extremely
difficult to apply effective sanitation programmes.

Pressed or extruded ceramic tiles have been used by the food industry for
many years and are still extensively used in processing areas. In recent years
they have been partially replaced on grounds of cost by the various seamless
resin floors now widely available. Provided tiles of a suitable specification (fully
vitrified ceramics) are selected and properly laid — an important prerequisite for
all types of flooring — they are perfectly suitable for food production areas and
give a long-life floor.

Tiles are laid on sand and cement mortar-bonded to the subfloor (thin bed), or
on a semi-dry sand and cement mix (thick bed). A tile thickness of
approximately 20 mm will provide adequate strength with either of the bedding
methods. Thinner tiles (12mm) are used for bedding into a resin bed by a
vibratory method. Tile surfaces may be smooth or studded or may incorporate
silicon carbide granules to improve slip resistance. Studded tiles are not
recommended because of the greater difficulty of cleaning such surfaces.
Ideally, surfaces that offer the greatest ease in cleaning should be used.
However, in practice, the requirements for anti-slip conditions cannot be ignored
and as a result the final choice should reflect a balance of the relevant factors
and the emphasis placed on them.

Joints should be grouted as soon as practical, otherwise the joint faces may
become contaminated. Cementitious grouts are not considered suitable for
hygienic applications and resin grouts are normally used. These should not be
applied for at least three days after the tiles have been laid, so that water from
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the bed can evaporate. Epoxy resins are widely used for grouting but have
limited resistance to very high concentrations of sodium hypochlorite and soften
at temperatures above 80°C. Polyester and furan resins are more resistant to
chemical attack. Shapton and Shapton (1991) cite data for the chemical
resistance of different resins given by Beauchner and Reinert (1972). The
grouting material should fill the joints completely to a depth of at least 12 mm
and be finished flush with the tile surface. Thinner joints (1 mm) are achieved
when the tiles are vibrated into a resin bed. The procedure ensures a flat plane
and reduces the possibility of damage to the tile edges in use. One advantage of
tiled floors that is not always fully appreciated is that sections or local areas of
damaged surface can be replaced and colour-matched with relative ease, so that
the overall standard and appearance of the floor can be maintained.

Resin-based seamless floors offer a good alternative means of attaining a
hygienic surface provided they are laid on a sound concrete base. The choice of
finish can be made either from various resin-based systems (primarily epoxy or
polyurethane) or from polymer-modified cementitious systems. The resin-based
systems can be broadly grouped under three headings:

» Heavy duty: heavily filled trowel-applied systems 5-12mm thick. Such
screeds are of high strength and are normally slip-resistant.

» Self-levelling: ‘poured and floated’ systems applied at 2-5mm thickness.
These systems are sometimes more correctly described as ‘self-smoothing’.
They generally give smooth glossy surfaces.

e Coatings:usually 0.1-0.5 mm thick. They are not recommended for high-risk
or other production areas because of their poor durability. Failures of such
floors have been associated with microbial contamination, inclubisigria
monocytogenedecoming trapped under loosened areas where the coating
has flaked.

A further aspect that needs to be considered is whether the proposed floor
meets legislative requirements. Statements in UK and EU legislation are of a
general nature but do call for floors to be ‘waterproof’ or ‘impervious’ and
‘cleanable’. Taylor and Holah (1996) have developed a simple technique to
assess the water absorption of flooring materials, and materials can be quickly
accepted or rejected on any water uptake recorded. Water uptake is unacceptable
because if fluids are able to penetrate into flooring materials, microorganisms
can be transported to harbourage sites that are impossible to chemically clean
and disinfect. Cleanability is more difficult to interpret but both Taylor and
Holah (1996) and Mettler and Carpenter (1998) have proposed suitable test
methods in which the cleanability of attached microorganisms is assessed. When
considering the selection of flooring materials, therefore, evidence for
imperviousness and cleanability should be sought. The floor should be coved
where it meets walls or other vertical surfaces such as plinths or columns as this
facilitates cleaning. As part of the design of floors, allowance has to be made for
adequate drainage of water — that is, the physical shape of the floor should allow
water to drain away easily. A slope (or ‘fall’) of 1 in 60 is normally adequate; 1
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in 40 may be required for floors that are habitually very wet, whilst 1 in 80 may
be sufficient for normally dry tiled floors.

6.8 Drainage

Ashford (1986) states that drainage is often neglected and badly constructed.
Detailed consideration of the drainage requirements is an important aspect of
floor design. Ideally, the layout and siting of production equipment should be
finalised before the floor is designed to ensure that discharges can be fed directly
into drains. In practice, this is not always possible, and in the food industry in
particular there is a greater chance that the layout of lines will be frequently
changed. Equipment should not be located directly over drainage channels as
this may restrict access for cleaning.

Discharges from equipment, however, should be fed directly into drains to
avoid floor flooding. Alternatively, a low wall may be built around the
equipment from which water and solids may be drained. Where the channels are
close to a wall they should not be directly against it to avoid flooding of the
wall-to-floor junction. An indirect advantage of channels near a wall is that the
siting of equipment hard up to the wall is prevented, thus providing access for
cleaning.

Satisfactory drainage can be achieved only if adequate falls to drainage points
are provided. A number of factors should be taken into consideration when
establishing the optimum or practical fall, for example:

» Volume of waterwet processes require a greater fall.

» Floor finish: trowelled resin surface finishes require a greater fall than self-
levelling ones. Otherwise ‘puddles’ created by small depressions in the
surface may remain.

» Safety:falls greater than 1 in 40 may introduce operator safety hazards and
also cause problems with wheeled vehicles.

Timperley (2002) states that floors should have a fall to drain of between 1 in 50
and 1 in 100, depending upon the process operation and surface texture, while
Cattell (1988) suggests a compromise figure of 1 in 80 for general purposes and
safety.

The type of drain used depends to a great extent upon the process operation
involved. For operations involving a considerable amount of water and solids,
channel drains are often the most suitable. For operations generating volumes of
water but with little solids, aperture channel drains are more favourable (Fig.
6.7). In most cases, channels should have a fall of at least 1 in 100, have round
bottoms and not be deeper than 150 mm for ease of cleaning. They must be
provided with gratings for safety reasons. The channel gratings must be easily
removable, with wide apertures (20 mm minimum) to allow solids to enter the
drain. In recent years there has been a marked increase in the use of corrosion-
resistant materials of construction, such as stainless steel for drain gratings.
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Fig. 6.7 Channel and aperture channel drain designs.

Stainless steel is also finding a wider use in other drain fittings, e.g. various
designs of traps, and for the channels of shallower (low-volume) drainage
systems. The profile of aperture channel drains is such that all internal surfaces
can be easily cleaned.

The drainage system should flow in the reverse direction of production (i.e.
from high to low risk) and, whenever possible, backflow from low-risk to high-
risk areas should be impossible. This is best achieved by having separate low-
and high-risk drains running to a master collection drain with an air-break
between each collector and master drain. The drainage system should also be
designed such that rodding points are outside high-risk areas. Solids must be
separated from liquids as soon as possible, by screening (with, for example,
removable sediment baskets), to avoid leaching and subsequent high effluent
concentrations. Traps should be easily accessible, frequently emptied and
preferably outside the processing area.
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6.9 Services

Hygienic building design must take account of service equipment such as
pipework for water, steam and compressed air; electrical conduits and trunking;
artificial lighting units; ventilation ducts; compressors, refrigeration/heating
units and pumps. Ashford (1986) suggests building a ‘box within a box’ by
creating insulated clean rooms within the structural box of the factory, with the
services and control equipment located in the roof void above the ceiling.
Equipment and ductwork are suspended from the structural frames and access to
all services is provided by catwalks, as shown in Fig. 6.8. This arrangement, if
properly undertaken, eliminates a major source of contamination from the
process area.

Service pipes should be routed outside the process area and pass through
walls local to their point of usage. Where this is not possible, services should be
grouped 50mm apart on a stainless steel structure around the plant with
minimum support rackets to walls or plant. Overhead pipes should not pass over
open vessels or production lines. This is to prevent dripping of condensation
droplets, which may form if the pipes are above a process area, and
contamination from leakage, lagging, flaking paint or dust. Services should
not be positioned too closely to walls and floors in production areas and should
have a minimum 50mm clearance to allow for cleaning, inspection,
maintenance and repair. Pipework entering production areas should be grouped
together and sheathed in an appropriate material.

The number of openings in walls around the process area should be kept to a
minimum in order to prevent pest access, limit the ingress of airborne
contamination, and facilitate environmental control. All pipes and cables passing
through internal walls and floors should be built in to prevent pests from using
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Fig. 6.8 ‘Box within a box’ design of a factory interior to separate production from
service operations.
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them as runways. Underground ductwork used for heating, water and other
services can allow pests to move around within and between buildings. Barriers
should be built across the duct at the outside wall of each building. Where
ductwork carries pipes or cables from one part of a building to another they
should be proofed at each floor level and access provided for inspection cleaning
and treatment. The most effective way of passing services through walls is by
means of sleeves or prepared openings. Ducts may pass through walls as
follows:

» Cast directly into concrete wall or built into brickwork/blockwork. This is a
costly and impractical solution because it requires separate supports to hold
the duct in place and in the case of concrete makes it difficult to strip shutters.

» With flanges exposed on each side of the wall for connections. This method is
prone to distortion and is difficult to cast into concrete walls.

* Running through an opening fixed with angles bolted to angle inserts in the
wall. A seal is then made between the duct and the wall using a two-part
polysulphide sealer which provides a degree of flexure to accommodate
thermal and other movement.

» Passing through the wall via a prepared opening using a concrete or steel
lintel to bridge the gap. A seal is made between the duct and the wall using
polysulphide.

Pipework services in processing areas may be stainless steel, galvanised steel
or PVC. Steam should be transported in malleable iron pipes which should be
cladded with stainless steel. Supports and hangers should be stainless steel or hot
dip galvanised steel. Painted steel should be avoided to obviate the risk of paint
flaking. Pipe insulation material must be CFC free. Cladding must be crevice
free with a durable surface.

Ideally, all cables should be situated behind walls or above the ceiling. If this is
not possible cables in production areas should be placed in enclosed, rounded
conduits or racks which will not accumulate dirt and are accessible for cleaning,
pest control and maintenance. No cables should be routed above processing
machinery. To avoid dirt accumulating, cable racks should preferably have vertical
rounded supports. Light fittings should fit smooth against surfaces like the ceiling
or construction parts. Good lighting is essential to ensure clean conditions,
encourage good housekeeping and safety and facilitate maintenance. Lighting
levels should be no less than 500 lux in most areas where operators are required.
This level may be less in areas such as loading bays or conveyor halls or more in
areas such as inspection, filling or packaging. All water systems must be designed
to prevent water stagnation. To limit the risk bégionellagrowth within water
systems, water supply tanks and calorifiers must be well enclosed, insulated and
accessible with short, direct pipe work where the cold water pipes are lagged to
prevent the water from warming to the critical range of 20—45°C. Non-potable
water, which may be used for steam production, refrigeration or fire control, must
not pass through processing areas. It must be carried in a separate line, identified
by colour, and have no cross-connection with the potable system.
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Natural ventilation should be avoided in most instances because it varies
and therefore cannot be controlled. Extraction systems are a relatively
inexpensive way of drawing out hot or stale air and steam, but excessive use of
this method results in the build-up of negative pressure unless there is a
corresponding supply of fresh air to balance the atmosphere. The best and most
efficient system is to combine supply and extract systems which will provide a
balanced and controlled system using light overpressure. Air within the
production areas should have a small positive pressure (25 pascals minimum)
to prevent ingress of contaminants from outside. Air must be kept dry in
compressed air lines to prevent the growth of microorganisms, and be
microbiologically filtered (uv filtering) if used in contact with the food
product. Ventilation systems should provide a number of air changes per hour,
the number of which will vary in accordance with usage of the area. Air flow
must pass from clean or high-risk areas to dirty or low-risk areas. Incoming air
must be filtered into processing areas. Ventilation to provide a clean,
contaminant-free environment must be accomplished by a combination of
measures such as air filtration, humidity and temperature control and pressure
variation. In general the production should have a humidity of 50—-60%. Fans
and condensers should be positioned outside production areas with ducting
surface mounted onto walls or ceilings. Access to ducting must be provided to
allow regular cleaning operations to be effected.

The steps and floors in a staircase should be closed. The steps should be
provided with a kicking edge with a height of 200 mm minimum. On the steps
and floors fluid must be able to drain completely. The staircase construction and
the stair rails should not have any horizontal surfaces. Tube profiles should be
closed completely.

6.10 Internal barriers separating manufacturing processes

The final set of barriers to contamination are those within the factory itself. Two
levels of barriers are required:

1. The first level separates processing from non-processing areas.
2. The second levels separates ‘high-risk’ from ‘low-risk’ processing areas.

The design of any food processing area must allow for the accommodation of
five basic requirements:

« Raw materials and ingredients

» Processing equipment

» Staff concerned with the operation of such equipment
» Packaging materials

» Finished products.

A single one-way flow of production operations from raw materials at the
beginning to finished products at the end minimises the possibility of
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contamination of processed or semi-processed product by unprocessed or raw
materials and is more efficient in terms of handling. It is also easier to segregate
clean and dirty process operations and restrict movement of personnel from dirty
to clean areas. While ideally the process line should be straight, this is rarely
possible, but there must be no backtracking and, where there are changes in the
direction of process flow, there must be adequate physical barriers.

A possible layout is shown in Fig. 6.9. The layout shows the different levels

of hygienic design and operation required in different parts of the factory:

Non-production ‘low-risk’ and operations with a high risk of contamination
such as waste disposal are situated as far as possible from production areas,
particularly ‘high-risk’ areas.

Entrance from non-production to production areas is only possible via
changing rooms where personnel are required to wash and change into
appropriate clothing.

Entrance into ‘high-risk’ areas is only possible through a further changing
room specifically designed for high-risk operations (though changing
facilities can be combined — see Fig. 6.10).

The ‘high-risk’ area is physically separated from ‘low-risk’ areas to prevent
unauthorised entry of personnel or materials.

Movement from lower-risk production areas such as raw material reception
and finished goods dispatch to higher-risk areas is strictly controlled.

Raw materials flow one way to minimise contamination or recontamination
with barriers to prevent raw materials, semi-finished and finished products
coming into contact.
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The layout should also consider that provision is made for the space
necessary to undertake the process and associated quality control functions, both
immediately the factory is commissioned and in the foreseeable future. Space
should also be allowed for the storage and movement of materials and personnel,
and for easy access to process machinery. Imholte (1984) states that 915 mm
(3.0 feet) should be considered as the bare minimum of space surrounding most
processing units. He recommends 1830 mm (6.0 feet) as a more practical figure
to allow production, cleaning and maintenance operations to be undertaken in an
efficient manner.

6.11 High-risk areas

Within the overall manufacturing area, a further, final set of barriers is required
between ‘high-risk’ and ‘low-risk’ processing areas. High-risk areas may be
broadly defined as areas processing food components that have undergone a
decontamination or preservation process and where there is a risk of product
contamination. In contrast, low-risk areas refer to those processes dealing with
food components that have not yet undergone a decontamination/preservation
process. Some experts make a further distinction, for example, between ‘high-
risk areas’ (HRAs) and ‘high-care areas’ (HCAs). The UK Chilled Food
Association, for example, uses both terms (Anon., 1997a). In general the
requirements in both types of areas dealing with decontaminated product are the
same. It is important also to note that the distinction between high- and low-risk
areas does not mean that lower overall standards are acceptable in ‘low-risk
areas, for example raw material reception or final product storage or distribution.
Unsatisfactory practices in ‘low-risk’ areas may put greater pressure on the
barriers separating the two, either increasing the level of initial contamination or
increasing the risk of recontamination, for example through poor storage or
damage to the packaging of the final product.

The final barrier between high- and low-risk processing areas is composed of
a number of sub-barriers designed to control contamination from a number of
routes:

* The point at which the product leaves the preservation/decontamination
process and enters the high-risk area

* The movement of other materials into and out of the high-risk area (e.g.
waste, packaging)

* The air

e The movement of employees and equipment into and out of high-risk areas.

Some of these potential sources of contamination may be controlled by
appropriate procedures, for example governing movement of personnel and
materials. The principal areas where hygienic design is the critical factor
discussed here are as follows:
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« The interface between preservation/decontamination and the high-risk area
« Appropriate facilities to support the movement of personnel into and out of
the high-risk area.

Decontamination/preservation equipment must be designed such that as far as
possible a solid, physical barrier separates the low- and high-risk areas. Where it
is not physically possible to form a solid barrier, air spaces around the
equipment should be minimised and the floor junction between low- and high-
risk areas should be fully sealed to the greatest possible height. The fitting of
devices that provide heat treatment within the structure of a building presents
two main difficulties. Firstly, the devices have to be designed to load product on
the low-risk side and unload on the high-risk side. Secondly, the maintenance of
good seals between the heating device surfaces, which cycle through expansion
and contraction phases, and the barrier structure, which may have a different
thermal expansion, is problematical. Of particular concern are ovens:

* Some ovens have been designed such that they drain into the high-risk area.
This is unacceptable since it may be possible for any pathogens present on the
surface of product to be cooked to fall to the floor through the melting of the
product surface layer (or exudates on overwrapped product) at a temperature
that is not lethal to the pathogen. The pathogen could then remain on the floor
or in the drain of the oven in such a way that it could survive the cook cycle. On
draining, the pathogen would then subsequently drain into the high-risk area.
Pathogens have been found at the exit of ovens in a number of food factories.

» Problems have occurred with leakage from sumps under the ovens into the
high-risk area. There can also be problems in sump cleaning where the use of
high-pressure hoses can spread contamination into the high-risk area.

* Where the floor of the oven is cleaned, cleaning should be undertaken in such
a way that cleaning solutions do not flow from low-risk areas to high-risk
areas. ldeally, cleaning should be from the low-risk area with the high-risk
area door closed and sealed. If cleaning solutions have to be drained into the
high-risk area, or in the case of ovens that have a raining water cooling
system, a drain should be installed immediately outside the door in the high-
risk area.

Within the factory building, provision must be made for adequate and
suitable staff facilities and amenities for changing, washing and eating. There
should be lockers for storing outdoor clothing in areas that must be separate
from those for storing work clothes. Toilets must be provided and must not open
directly into food-processing areas, all entrances of which must be provided with
handwashing facilities arranged in such a way that their ease of use is
maximised.

In high-risk operations, personnel facilities and requirements must be
provided in a way that minimises any potential contamination of high-risk
operations. The primary sources of potential contamination arise from the
operatives themselves and from low-risk operations. This necessitates further



Hygienic plant design 103

attention to protective clothing and, in particular, special arrangements and
facilities for changing into high-risk clothing and entering high-risk areas. Some
laundries in food processing operations now operate according to low-/high-risk
principles. Dirty laundry enters ‘low risk’, is loaded into a washing machine that

bridges a physical divide, is cleaned and disinfected and exits into ‘high risk’ to
be dried and packed.

The high-risk changing room should provide the only entry and exit point for
personnel working in or visiting the area and is designed and built both to house
the necessary activities for personnel hygiene practices and to minimise
contamination from low-risk areas. In practice, there are some variations in the
layout of facilities of high-risk changing rooms. This is influenced by, for
example, space availability, product throughput and type of products, which will
affect the number of personnel to be accommodated and whether the changing
room is a barrier between the low- and high-risk operatives or between
operatives arriving from outside the factory and high risk. Generally higher
construction standards are required for low-/high-risk barriers than for outside/
high-risk barriers because the level of potential contamination in low risk, both
on the operatives’ hands and in the environment, is likely to be higher (Taylor
and Holah, 2000). In each case, the company must evaluate the effectiveness of
the changing-room layout and procedure to ensure the high-risk area and
products prepared in it are not being put at risk. This is best undertaken by a
Hazard Analysis Critical Control Point (HACCP) approach, so that data are
obtained to support or refute proposals regarding the layout or sequence.

A basic layout for a changing room is shown in Fig. 6.10 and has been
designed to accommodate hand hygiene procedure and the following
requirements:

* An area at the entrance to store outside or low-risk clothing. Lockers should
have sloping tops.

» Abarrier to divide low- and high-risk floors. This is a physical barrier such as
a small wall (approximately 60 cm high), that allows floors to be cleaned on
either side of the barrier without contamination by splashing, etc., between
the two.

« Open lockers at the barrier to store low-risk footwear.

» A stand on which footwear is displayed/dried.

 An area designed with suitable drainage for bootwashing operations.
Research has shown (Taylet al, 2000) that manual cleaning (preferably
during the cleaning shift) and industrial washing machines are satisfactory
bootwashing methods.

» Handwash basins to service a single handwash. Handwash basins must have
automatic or knee-/foot-operated water supplied at a suitable temperature
(that encourages handwashing) and a waste extraction system piped directly
to drain. It has been shown that handwash basins positioned at the entrance to
high-risk areas, which was the original high-risk design concept to allow
visual monitoring of handwash compliance, gives rise to substantial aerosols
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of staphylococcal strains that can potentially contaminate the product.

« Suitable hand-drying equipment, e.g. paper towel dispensers or hot-air dryers,
and, for paper towels, suitable towel disposal containers.

» Access for clean factory clothing and storage of soiled clothing. For larger
operations this may be via an adjoining laundry room with interconnecting
hatches.

 Interlocked doors are possible such that doors allow entrance to high-risk
areas only if a key stage, e.g. handwashing, has been undertaken.

» Closed-circuit television (CCT) cameras as a potential monitor of handwash
compliance.

* Alcohol hand rub dispensers immediately inside the high-risk production
area.

There may be the requirement to site additional handwash basins inside the high-
risk area if the production process is such that frequent handwashing is
necessary. As an alternative to this, Taykiral. (2000) demonstrated that
cleaning hands with alcoholic wipes, which can be done locally at the
operative’s workstation, is an effective means of hand hygiene.
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Control of airborne contamination

K. L. Brown, Campden and Chorleywood Food Research
Association, UK

7.1 Introduction: why control of airborne contamination is
important in food production

The air is an important, potential source of pathogens and the intake air into a
high-risk area has to be controlled. Air can enter high-risk via a purpose-built
air handling system or can enter from external uncontrolled sources (e.g. low-
risk production and packing or from outside). Environmental air of a particular
quality (temperature, humidity, dust content, microbial content and fresh air
volume) may be required for the manufacture of specific products. For
example, chilled food production areas are often run at a temperature of 10—
12°C in order to maintain the chill temperature of product prior to packaging.
Once product is sealed inside a container, it is more difficult to chill the
product if it is above the required temperature. For high-risk areas, the aim of
the air handling system is to supply suitably filtered fresh air, at the correct
temperature and humidity, and at a slight overpressure to prevent the ingress of
air from external sources. Control of airborne dust in cereal milling operations
is important for worker health and to minimise the risk of explosions. Dry
product areas may also require humidity control to prevent hygroscopic
ingredients becoming spoilt.

A ‘high-care area’ is an area designed to a high standard of hygiene where
practices relating to personnel, ingredients, equipment, packaging and
environment aim tominimise product contamination by micro-organisms. A
‘high-risk area’ by comparison is a physically segregated area designed to a high
standard of hygiene where practices relating to personnel, ingredients,
equipment, packaging and environment aimpteventproduct contamination
by pathogenic micro-organisms (Chilled Food Association, 1997).
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Types of airborne contamination include dust, water droplets, skin particles
and airborne micro-organisms. Dust can be generated from a variety of dry
product and ingredient handling operations. The significance of the presence
of dust may range from simple nuisance (requiring regular cleaning) to
inhalation hazard or risk of explosion. Particle diameters less thamlére
of concern for respiratory damage to humans. Occupational asthma caused by
flour dust is a real problem in the baking industry (Tee, 1993). Information on
the control of occupational exposure to dust is given in HSE Guidance Note
EH 44, ‘Dust in the workplace: general principles of protection’ (HSE, 1984).
Flour dust is a respiratory sensitiser and has been given a ‘sen’ notation in
EH40/2001 (HSE, 2001). There is also a risk assessment document available
for flour dust (EH72/11) (HSE, 1999). The Maximum Exposure Limit (MEL)
is 10 mg/n? (8-hr TWA) with a short-term limit of 30 mg/f(15 min). Grain
dust (which includes all stages up to the first-break roller mill in flour
production) is covered by EH66 and EH67 (HSE, 1993a, 1993b). Dust
explosions have caused serious industrial accidents in the food industry.
Explosible food dusts include flour, custard powder, instant coffee, sugar,
dried milk, potato powder and soup powder. Further information is available
in HSE Food Sheet 2 (HSE, 1992) and on the HSE website, http://
www.hse.gov.uk. The explosibility properties of dispersed flour dust are
described inChorleywood Digestissue 119 (Anon., 1992).

Micro-organisms can be dispersed in airborne water droplets that are
generated by cleaning operations. Holah al. (1990) demonstrated the
potential for spread ofisteria in food production areas by use of hoses and
spray lances. Droplets containing micro-organisms can also be dispersed from
condensate on the cooling fins of evaporative chillers by the velocity of air
going through the chiller. Large water droplets above 15#80will not
remain airborne for long, whereas smaller droplets will disperse readily. Some
cleaning operations, e.g. boot washer brushes, may also impart a ballistic
force to droplets that can disperse quite large (1 mm) droplets 1 or 2 metres
from source.

Skin particles according to Noble (1961) have a mean equivalent diameter
of 13.5um and fewer than 30% of the particles carrying staphylococci were
less than 1@m in equivalent diameter. Clark and Cox (1973) calculated that
of the order of 7000 000 skin scales per minute are liberated from the human
body.

Airborne micro-organisms can be free-floating as in the case of bacterial or
fungal spores, suspended in water droplets, or attached to dust or skin
particles. The mistake is often made of assuming that the particle size of
airborne micro-organisms is the same as that of the micro-organisms
themselves. This is not often the case. Frequently the particle size will be
much larger; for example, a im diameter bacterium may be inside a 15—
25um diameter water droplet.
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7.2 Sources of airborne contaminants

7.2.1 Air from outside the controlled zone

The air outside a factory will contain airborne micro-organisms but the
concentration may in fact be lower than inside the factory. Levels of airborne
micro-organisms outdoors depend very much on location, season, urbanisation
and prevailing weather conditions. Levels may often be higher in rural locations,
probably because of the much greater surface area of vegetation compared to
city locations. In a study in Mexico City, Rosas al. (1993) obtained airborne
fungi counts ranging from 26 to 603Arat three different locations. The
arithmetic mean counts ranged from 96 to 293/By comparison, Holalet al.
(1995) reported a TVC mean of 285/rand a fungal count of 37/foutside 34

and 38 food factories respectively. These counts are low compared to those
quoted by Crook and Olenchock (1995) where counts of up to 10T and
1000/n? fungi were found outdoors.

At a vegetable packing operation, Brown (2001) found a mean mould count
outside the factory of 81/frbut inside the greenhouse supplying the factory the
count was 4923/fhand in the packing hall it was 11687mClearly in this
operation, the air in the greenhouse adjoining the packing hall was of more
significance than the outside air quality. At a different factory that had a clean
room, the TVC mean count was 63G7mutside the factory but only 8/finside
the clean room.

7.2.2 Dust from milling and weighing operations

Milling operations, spray drying, weighing of powders and general handling of
dried ingredients and products can create dust aerosols. Cleaning operations
such as vacuuming can also generate airborne dust from the exhaust of the
vacuum cleaner unless appropriate filters are fitted. In slow-moving air, large
dust particles above 15-20n will quickly settle close to the source while
smaller particles may remain airborne for some hours and travel long distances
from the source. As air speed increases, even large particles will remain airborne
and move considerable distances. An example of how far airborne dust can
travel is demonstrated by the occasional deposition of sand from the Sahara
desert in the UK.

7.2.3 Water droplets from jacuzzi-style salad washing

Salad washing is sometimes done in jacuzzi-style systems. The breaking of air
bubbles on the surface of the wash water is likely to generate aerosols of water
droplets containing micro-organisms (Sawyaral, 1993) and chlorine. The
author once visited a salad washing factory where the wash water contained 70—
100 ppm chlorine. The aerosols generated from the wash tanks had entered the
air handling system and corroded the aluminium cooling fins in the main factory
air handling system to such an extent that the fins had almost disappeared.
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7.2.4 Aerosols from cleaning operations (hoses, air lances, brushing, boot
washing, hand washing, tray washing)

It is vitally important that the potential for aerosols generated by cleaning
operations to contaminate open product and food contact surfaces is understood.
This is particularly important for high-risk operations where pathogens such as
Listeria may be dispersed by lack of attention to cleaning operations (Hstlah

al., 1990).Listeria monocytogendsas been shown to survive in aerosols for up

to 210 min (Spurlock and Zottola, 1991). It is essential that cleaning equipment
is itself cleaned regularly to prevent build-up of micro-organisms inside the
equipment, and use of highly dispersive techniques such as high-pressure hoses
is not allowed in high-risk areas.

7.2.5 People

Spendlove and Fannin (1983) reviewed the sources of airborne micro-organisms
from people. Citing Buckland and Tyrell (1964), they reported that sneezing and
blowing the nose were more than 1000 times more efficient than coughing in
producing infectious aerosols from nasal secretions. Jennison (1942) showed
with high-speed photography that up to 40 000 droplets were expelled during a
violent sneeze whereas a cough released only a few hundred droplets. Other
researchers showed that the size of these droplets was in the range /d15-12
with the majority being in the range 1#2n. Spendlove and Fannin (1983),
citing May and Pomeroy (1973), reported that men are more profuse
disseminators of bacterial aerosols than women: fully clothed men released
1008 cfu/min on average, whereas women released 75 cfu/min on average.

Brown et al. (2002) investigated the factors affecting the release of airborne
particles and bacteria from people. A clean environment, 3.#Bady box was
constructed for the work. Typically, personnel released betweérai 16
particles/ni into the body box in 5 min. Bacterial release was lower, typically
107 to 10 cfu/m?®. High particle counts did not always mean a correspondingly
high airborne bacterial count. Particle size analyses showed that most of the
particles released were smaller thaprd but the larger particles (over 14n)
were more likely to land onto settle plates. Airborne particles released from
personnel could still be detected 2 hours after the person had left the body box,
showing that, once airborne, particles released from personnel could pose a risk
for a long time.

Various clothing styles were evaluated for ability to control particle and
microbial release. Cleanroom styles were better at preventing particle and
bacterial release than typical factory coats. Release of particles and bacteria
from bare or covered arms with tight cuffs was similar and less than from
covered arms with loose cuffs. Mobcaps were marginally better than hairnets
and a close-fitting hood was better than all other designs. ‘Bouffant’ style hats
appeared to act as bellows when patted. Contact plates applied to the forehead
and head hair picked up higher counts from people with little or no hair than
from people with long hair. In simulated factory trials, with four people in a
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room (43nf) the mean numbers of bacteria landing on settle plates (90 mm
diameter) in 5 min were 2.2-4.4 per plate, while presump8taphylococcus
counts were between 0.7 and 1.4 per plate. Near to the people, the highest TVC
and presumptiv&taphylococcusounts were 7 and 3 per plate respectively in 5
min.

7.3 Dust control

Dust control should be viewed differently from general environmental air
quality control. The filter systems used for dust control are quite different from
those used for environmental air filtration. Dust control in the food industry
serves five main purposes:

» To protect operators from inhaling fine particles, e.g. from milling operations

« To prevent the spread of dust in processing areas which may lead to cross-
contamination

« To prevent accumulations of dust which could provide food for rodents and
insects

* To prevent environmental pollution

* To prevent explosion.

It is important to choose the correct dust control system for each application.
Examples of different types of filtration and wet scrubber types of dust control
are given in Tables 7.1 and 7.2. This is a specialist area and specialist advice
should be sought.

7.4 Environmental air quality control

A typical environmental air handling system (Brown, 1996) is shown in Fig. 7.1.
This figure also shows the standardised terminology used by ventilation
engineers. Not all systems will have all the components shown in Fig. 7.1
because installations tend to be tailor-made for individual sites. It is usual to
recirculate a proportion of the air for energy-saving reasons. Fresh air make-up
is required to provide fresh air for operatives to breathe and to replace air lost by
transfer to other parts of the factory through doorways and conveyor hatches.
Process air is shown as a separate supply and this is provided by a separate air
compressor. Process air may be used simply to operate pneumatic equipment or
as headspace air in tanks or air to convey product. It is important that this air is
of good microbiological quality if the controlled space is also being supplied
with air that is filtered to a high standard and especially if it is in product
contact.

A typical air handling system is shown in Fig. 7.2. Again not all components
will be present in all installations. The fresh air and recirculated air mix together
in a mixing box and then pass through the first or pre-filter. This first filter will
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Table 7.1 Filter dust control systems

Filter type

Application

Comments

Dry cyclones

Pre-collector of large
quantities of dust from
conveying air

Not usually suitable as final
filters. Efficiency rarely
exceeds 80-90% for particles
of 10um

Dry fabric filters (bag
filters)

1. Static

2. Mechanically shaken

3. Reverse jet

Low dust load
applications with
intermittent use

Light to medium dust
burden intermittent use
applications

Heavy continuous dust
burden at constant
pressure drop

Alternative bag styles
available; take care in
selecting correct filter for
purpose

Select correct bag filter for
purpose. Membrane-coated
filter media achieve higher
efficiency than conventional
needle felt material.
Discharge burden typically
7-15 mg/ni

Rigid element filters
1. Cartridge

2. Rigid plastic element

Low cost high efficiency
filter

High efficiency, low
failure

Over life of cartridge,
pressure drop will rise
steadily and this governs
element change frequency

Not suitable for high
temperatures or solvent
atmospheres. Discharge
burden typically <5 mg/r

Secondary filters

To prevent release of dust

should failure occur in
primary filter

Electrostatic precipitators

Not used as product
collectors. Main
application for pollution
control of fine particles in
large exhaust systems
(e.g. boilers)
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Table 7.2 Wet scrubber dust control systems

Filter type Comments

Venturi Most efficient wet collectors. Efficiency increases with
pressure drop across throat

Wet cyclonic separators Low pressure drop, low-efficiency collector used mainly as
mist eliminator to follow a more efficient wet collector

Induced spray or S-curtain  Medium-efficiency collector that relies on induced spray
caused by negative pressure exerted by exhaust fan.
Efficiency typically 80-90% by mass of input dust burden

be of a coarse grade and will protect the secondary and final filters from large
dust particles and also help to protect the fan motor from dust. The heating,
cooling and humidification sections will be tailored to the customer’s
requirements. Cooling coils will require condensate drains that are designed to
withstand the pressure inside the air handling unit. For design of water traps
readers are referred to Brown (1996).

7.4.1 Filtration
Environmental filters can be supplied in different grades as shown in Table 7.3.
A high-efficiency filter system will have a full set of coarse, secondary and final

Fresh and/or make-up air Exhaust air

!

Extract air

/./ Non-return
damper
Recirculating air

- <«
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recycled air
' i ' Return air Return air

Supply air Air changes Transfer air ’

L
—

(fresh and
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Treatment
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Fig. 7.1 Standardised terminology for air at different stages of air handling.
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Fig. 7.2 Typical air handling unit configuration.
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Table 7.3 Environmental air filter cross-reference chart

General filter type Filter test reference and classification Operating characteristics

Coarse dust or Eurovent 4/5 BS EN 779 averagelow efficiency
primary filter average arrestancearrestance Low static pressure drop
(arrestance of 5 EU1 <65 G1 <65 1n? media area in
micron particles) EU2 65<80 G2 65<80 typical filter unit

EU3 80<90 G3 80<90

EU4 >90 G4 >90
Fine dust or Eurovent 4/5 BS EN 779 averageMedium and higher
secondary filter average efficiency efficiency % efficiencies
(arrestance of 1 % F5 40<60 Higher static pressure
micron particles) EU5 40<60 F6 60<80 dro

EU6 60<80 F7 80<90 6 m*+ media area in

EU7 80<90 F8 90<95 typical filter unit

EU8 90<95 F9 >95

EU9 >95
Higher efficiency Eurovent 4/4 EN 1822 maximum High efficiency range of
particulate air filter, minimum penetration MPPS filters
semi HEPA and  efficiency % High static pressure drop
HEPA (arrestance EU10 95<99.9 H10 85 300 mm filter unit up to
of 0.3-0.5 micron EU11 99.9<99.97 H11 95 15 n? media area
particles) EU12 99.97<99.99 H12 99.5

EU13 H13 99.95

99.99<99.999 H14 99.995
Ultra low U15 99.9995 Highest range of
penetration air U16 99.99995 particulate filters
filter, ULPA U17 99.999995 High static pressure drop

Various designs to suit
specific applications

filters. Choice of filter requirements depends on the air quality required in the
controlled space. It should be appreciated that the environmental filter will
provide clean air into the controlled space but will not prevent generation of
aerosols from cleaning and production operations within the area. Control of air
quality needs to take into account practices within the controlled space and is not
simply a question of installing a particular filter grade.

A common misconception is that a filter can be specified by simply stating
the particle size that is required to be removed (e.g. yx2filter is required’).
Reference to Fig. 7.3 will show that all filter grades from G2 to EU10 will
remove 2um particles but with different efficiencies. The same holds true for
any other particle size. Filter efficiency also increases with use as the filter
gradually becomes blocked. The choice of filter grade should therefore be made
on the basis of the overall air quality required to be supplied to the controlled
space. For a general GMP area, filter grades EU1-4/G1-G4 may be quite
satisfactory; for medium care, EU5-7/F5—-F7 should be adequate. ‘High-care’
areas, where the aim is to minimise air contamination, would require filtration to
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Fig. 7.3 Chart of particle efficiencies of different environmental filter grades when new
(efficiency increases as filters become blocked with use).

EU7-9/F7-F9, whereas ‘high-risk’ areas that are designed to prevent
recontamination would require EU10/H11. Again it is emphasised that cleaning
and production practices should mirror the air quality required.

7.4.2 Control of air movement

Filtered air is supplied to the controlled space usually via grilles or textile air

socks. Grille design, location and orientation have a significant effect on the
direction and speed of air movement in the room. Textile sock systems provide a
more diffuse and gentler air movement. Air displacement systems are also
available where air is supplied at low level and is extracted at ceiling level.

Older installations simply provide clean air into the controlled space, air

movement within the space being uncontrolled. The problem with these
installations is that airborne contamination can be picked up and spread
randomly throughout the controlled space.

A better approach is to control the air movement and air quality close to the
open product. This is more likely to be successful in providing clean air
consistently to the zone of risk close to the open product. Various methods are
available for achieving local control, including unidirectional air flow, open
troughs, semi-closed and totally enclosed tunnel systems (Bwefadt, 2000).
Open conveyors were fitted with chilled filtered air supplies along each side and
challenged with aerosols of spores 8fcillus subtilis var globigii at a
concentration of approximately iper n?. Settle plates were located alongside
and on the conveyor and exposed for 55 min. The average colony count on the
settle plates alongside the conveyor was around 500 whereas within the
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protected zone along the conveyor it varied from 0 to 35. The airborne challenge
level was much higher than would be expected in a typical food factory but was
set at 16/m> to give countable numbers of colonies within the protected zone. In
a real factory airborne contamination of open product on conveyors could be
reduced to insignificant levels.

7.4.3 Temperature and humidity control

Many high-care and high-risk production areas are chilled to maintain a low
product temperature during the production process. This is necessary because it
is not usually practical or economic to chill the food once it is wrapped and
stacked on pallets. The Food Safety (Temperature Control) Regulations (HMSO,
1995) specify a maximum temperature of 8°C for foods that may support the
growth of harmful bacteria or formation of toxins. However, the Health and
Safety Executive also specify a reasonable working temperature of at least 16°C,
or 13°C where work involves serious physical effort. There is therefore an
apparent conflict of temperature requirements, one for food safety and the other
for operator comfort. There are ways of addressing this issue as described in
Brown (2000) where guidance is given on the legislation, product temperature
control and risk assessment, design of air handling systems and clothing
requirements for operatives.

Humidity problems in the food industry are usually caused by too much water
in the air rather than too little. (Cheese maturation is an exception where humidity
levels may need to be over 95%.) As air temperature rises, it can hold more
moisture, but if the air is then exposed to a cold surface, condensation will occur.
This could then allow microbial growth, corrosion or other moisture-related
problems such as absorption of water by dry ingredients. The most common
method of dehumidifying air is to pass it through a cooling coil; the water then
condenses and is drained away (Brown, 1996). The cleaning and disinfection of
cooling coils must be included as part of the overall plant hygiene programme.

Humidification, if required, can be done by the use of either atomising
humidifiers (where a fine mist of water vapour is introduced into the air flow) or
by steam injection humidifiers. Micro-organisms includihggionella may
grow in the water used for humidifiers, so regular cleaning and maintenance are
essential.

7.5 Process air control

Process air may be low, medium or high pressure depending on the application.
Low-pressure process air may be used for laminar flow enclosures for fillers, air
to tank headspace, fluidised beds or spray dryers. Environmental HEPA filters
would normally be used for these systems. Medium-pressure air would be used
where it is to come into contact with the product but not be added to it, such as in
air conveying. Either cartridge or environmental filters may be used depending
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on the working pressure. High-pressure process air is designed to be included in
the product, for example in whipped products, or used to purge product from
process systems. The 3-A Sanitary Standards divide air under pressure into low
(<150 psig) and high (>150 psig) pressure systems (Anon., 1995).

Process air that is delivered directly to the food product and pneumatic
equipment may be filtered using cartridge filters (Brown, 1996). The choice of
filter should ensure that it is suitable for food use and is robust enough for the
particular application. There is no British or European standard for comparison
of filter cartridges from different manufacturers. Efficiency levels are very high
in comparison to environmental air filters with removal efficiencies in excess of
99.999 999 99% when presented with a bacterial aerosol challenge.

7.6 Air disinfection systems

7.6.1 Disinfectant fogging

The purpose of fogging a production area is to reduce the numbers of airborne
micro-organisms and also to apply disinfectant to surfaces that may be difficult
to reach (such as overhead surfaces). Applications include freezers, chillers,
ripening rooms, process lines and production areas. Manufacturers of salads,
sandwiches, ready meals and dairy products frequently use some form of
fogging.

There are various types of fogging systems available. They aim to disperse an
aerosol of disinfectant into the air of the production area after cleandown.
(Fogging must not be regarded as a replacement for traditional cleaning and
disinfection routines.) Personnel are usually excluded during this procedure.
Research carried out under the UK Advanced and Hygienic Manufacturing Link
Programme (Burfookt al, 1999) demonstrated that fogging is effective in
reducing the number of micro-organisms on upward-facing surfaces but, in
general, is not effective on vertical or downward-facing surfaces. The fogging
was most effective when the median diameter of the fog droplets was between
10pm and 2Qum. Droplets in this size range dispersed well and settled within
45 minutes. The results of the study of the effectiveness of disinfectant fogging
were also published by MAFF (1998) as a practical guide.

7.6.2 UV treatment

UV light can be used for air disinfection. The germicidal wavelength is
approximately 254 nm. There are low-power systems with lamp ratings of 15—
100 W and more powerful medium-pressure arc tubes with ratings of 0.5-5kW.
Burfoot (1999) reports the use of a UV system that could achieve kill rates over
99% in air flows up to 2 is. It is important to avoid shadowing because micro-
organisms in the shade will not be destroyed. The dose required for one decimal
reduction varies widely between species, from 2mW §/dor vulnerable
bacteria likeLegionella pneumophilao 132 mW s/cr for Aspergillus niger
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(Brown, 1996). High-intensity UV can cause skin cancer and cataracts of the
eye. Proper screening from operatives and interlock devices are therefore an
essential part of the design system.

7.6.3 Ozone

There is currently a lot of interest in the use of ozone for air disinfection. Kim and
Yousef (2000) tested ozone agaifsteudomonas fluorescens, Escherichia coli
0157:H7,Leuconostoc mesenteroidasd Listeria monocytogene&xposure to
2.5ppm for 40 s produced 5-6 log decrease in numbers, &vitoli 0157:H7

being the most resistant. Work by Taylor and Chana (2000) has indicated a 2 log
reduction in both airborne and surface adhdPsdudomonas aeruginoga?2 h

when exposed to 2 ppm ozone. Ozone is toxic to humans and even at 0.5 ppm can
cause nausea and headaches. At 50 ppm, 30 minutes exposure can be fatal. The
Health and Safety Executive (HSE) Guidance Note EH 38 (HSE, 1983)
recommends an exposure limit of 0.1 ppm as an 8 h weighted average and 0.3
ppm as a 15 min average for short exposure. Care should be taken to ensure that
operatives are not exposed to levels of ozone above the recommended limits.
Ozone disinfection is most effective at high (80—-100%) relative humidity levels.

7.7 Future trends

The trend is today away from controlling whole production areas and towards
local control of production lines. The reason for this has been the evidence from
modelling studies of factory air movements that show that control of the whole
area is complex and almost impossible (Burfoot, 2000b). There is now
considerable interest in localised control techniques (Burfoot, 2000a).

Computational Fluid Dynamic (CFD) modelling has been found to be
increasingly useful in solving existing problems with air movement and also in
designing new factories. A Guidelines document is available from either the
Silsoe Research Institute or the Campden and Chorleywood Food Research
Association, entitled ‘Best practice guidelines on air flows in high-care and
high-risk areas’ (Burfoot and Brown, 2001).

Following the work of Browret al. (2002) there is likely to be more interest
in the type of clothing that personnel wear in food production areas. Already
clothing suppliers are providing high-care clothing following laundering.
Localised air systems can be designed to minimise the risk of airborne bacteria
from food production personnel landing on open product.

7.8 Sources of further information and advice

Much of the research work in the UK food industry on air movement and risk of
airborne contamination has been done jointly by the Campden and Chorleywood
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Food Research Association and the Silsoe Research Institute. This work has
combined the microbiological expertise and modelling of air movement through
a number of government LINK programmes. Other organisations that can
provide information and advice include the Heating and Ventilating Contractors’
Association (HVCA), the Chartered Institution of Building Services Engineers
(CIBSE), the Building Research Establishment (BRE) and the Building Services
Research and Information Association (BSRIA). Safety is covered by the Health
and Safety Executive. In addition there are a number of heating and ventilation
companies who have been associated with the LINK projects, including ABB
Climate Systems and Filtration Engineering who have considerable experience
of food factory requirements.

One of the key reference books on airborne micro-organisms is the
Bioaerosols HandbookCox and Wathes, 1995). The key food industry guide
is Guideline No. 12 of the Campden and Chorleywood Food Research
Association, ‘Guidelines on air quality standards for the food industry’ (Brown,
1996).
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Hygienic equipment design

H. L. M. Lelieveld, M. A. Mostert and G. J. Curiel, Unilever R&D
Vlaardingen, The Netherlands

8.1 Introduction: key criteria in hygienic design
The purpose of hygienic equipment design is to (Shapton and Shapton, 1991):

e give maximum protection to the product

» provide product contact surfaces necessary for processing which will not
contaminate the product and are readily cleanable

» provide junctures which minimise ‘dead’ areas where chemical or microbial
contamination may occur

» give access for cleaning, maintenance and inspection.

Food contact areas include all surfaces that are directly exposed to the product
and all indirect surfaces from which splashed product, condensate, liquid or dust
may drain, drop or be drawn into the product (Shapton and Shapton, 1991). This
means that, in the hygienic design of equipment for open processing, the area
above the product processing surface must also be taken into consideration.

8.1.1 Safety

Good hygienic design prevents the contamination of the product with substances
that would adversely affect the health of the consumer (Holah, 2002). Such
contamination might be microbiological (e.g. pathogens), chemical (e.g.
lubricating fluids, cleaning chemicals) and physical (e.g. glass). There have
been many examples of product recalls, lost production and even site closure
due to contamination arising from poorly designed equipment. Physical foreign
body contaminants, such as pieces of plastic, affect the wholesomeness of food
but rarely receive media attention. Physical contaminants of a more serious
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nature, e.g. glass fragments or caustic CIP fluids, however, are much more
serious. Perhaps of most concern are pathogenic microorganisms such as
Listeria or Escherichia coliO157:H7, which may be harboured in equipment
and then subsequently grow during production and contaminate the product.
Under favourable conditions such microorganisms grow very rapidly.
Consequently gaps and crevices, where microorganisms can harbour and
multiply, must be avoided (Lelieveld, 2000). Good hygienic design also
maintains product in the main product flow. This ensures that product is not
‘held-up’ within the equipment where it could deteriorate, affect product quality
on rejoining the main product flow, and encourage the growth of spoilage and
pathogenic bacteria (Wirtanen, 1995).

8.1.2 Cleaning

Cleanliness is clearly essential in preventing contamination. If product residues
accumulate, microorganisms can multiply rapidly. Equipment which is difficult
to clean will also need more frequent cleaning, more aggressive chemicals and
longer cleaning and decontamination cycles (Haesat,, 1989). The result will

be higher cost, reduced availability for production, reduced lifetime of the
equipment, and more effluent. To be cleaned effectively, surfaces must be
smooth and free from crevices, sharp corners, protrusions, and ‘shadow’ zones,
not only when new but during the lifetime of the equipment (Holah, 2000;
Timperleyet al,, 1993).

8.1.3 Inspection

Irrespective of the quality of hygienic design, experience has shown that
inspection, testing and validation of the resulting design are very important in
checking whether hygienic requirements have been met (Holah, 2002). In some
cases it may be necessary to check cleanliness as part of maintenance
procedures. The equipment designer has to make sure that relevant areas are
accessible for inspection and/or validation (Venema-kKedual,, 1997).

8.1.4 Compatibility with processing function

A design with excellent hygienic characteristics but unable to perform its
functional duties is of no use, and a designer may have to compromise
(Lelieveld, 2000). Any compromise between hygienic design and processing
function will, however, have to be compensated by more intensive cleaning and
decontamination procedures. It must therefore be documented so that users of
the equipment are aware of the nature of the compromise. Where an acceptable
compromise cannot be reached, hygienic requirements must prevail even if this
reduces the potential processing efficiency of the equipment. However, good
hygienic design reduces the time required for an item of equipment to be
cleaned. This reduction of cleaning time is significant over the lifetime of the
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equipment. Hygienically designed equipment which is initially more expensive
(compared to similarly performing poorly designed equipment) will be more
cost-effective in the long term. In addition, savings in cleaning time may lead to
increased production. Upgrading existing designs to meet hygienic requirements
can be prohibitively expensive and may be unsuccessful. Ideally hygienic
requirements should be taken into account at the design stage. Complying with
hygienic requirements may increase the life expectancy of equipment, reduce
maintenance and consequently lead to lower manufacturing costs.

8.2 Risk assessment in equipment design

Food processing equipment is designed and built to be suitable for purpose. In
practice, this means different levels of hygienic design for differing pieces of
equipment (Holah, 2000). As an example, a mixer for raw meat need not be
designed to the same hygienic level as a slicer of cooked meats (Timperley and
Timperley, 1993). Similarly, aseptic fillers have usually been designed to a
much higher hygiene standard than can filling machines. This difference in
standards of hygienic design is related to the risk of a hazard being transferred
from the equipment to the product produced and thus the consumer (Lelieveld,
1994).

The degree of risk from eating foodstuffs is dependent to a large extent on
how that product has been processed, its degree of preservation and what further
cooking steps (if any) the consumer has to perform prior to consumption. As an
example, a stable preserved product e.g. canned or dried goods, or one which
requires thorough cooking prior to consumption, is less likely to confer a
microbiological risk than a ready-to-eat chilled food (Brown, 2002). All of the
above food products may, however, convey similar risks in terms of non-
microbiological hazards, i.e. physical hazards (e.g. glass, plastic) or chemical
hazards (e.g. lubricating fluids, cleaning chemicals, pesticides). In deciding
hygienic requirements, the designer and manufacturer of food processing
equipment needs to:

« identify the process for which the machine is intended

« identify the relevant hazards associated with the products produced

» design methods/measures which can eliminate hazards or reduce their risk

 identify any other hazards introduced by the methods used to reduce the
hazard under analysis

« verify the effectiveness of the hazard elimination or risk reduction

» describe any residual risks and any additional precautions necessary for the
machine’s safe use.

To help equipment manufacturers meet this challenge, and thus both control
the risk of transfer of a hazard to a food product during manufacture and produce
the equipment in a cost-effective manner, food manufacturers should enter a
dialogue with equipment manufacturers to consider the following:
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« The intended use of the equipmentWill the equipment be used for one
specific purpose only, for which the hazards are readily identifiable, or could
the machine be used for a wide range of products in many industries (e.g. a
pump)?

» The product type to be processedwill the product be already contaminated
(e.g. a raw material) or will it be ‘preserved’ or ‘aseptic’?

» The degree of further product processing.Will the product processed by
the equipment subsequently undergo a further process which functions as a
hazard elimination step (e.g. a heat treatment) or is the process for which the
machine is intended the final process?

» The degree of cleaning and/or inspectionls the equipment to be cleaned
and/or inspected after every use, routinely during the day, every day or every
week, for example?

* The use of the machinels the equipment likely to be well maintained or used
infrequently? Is it designed for high or continuous use? Is it liable to abuse?

After a risk assessment has been made, it is possible to assign the suitability
of an item of equipment to one of several categories for intended use (Holah,
2000). These can be described as follows:

1. Equipment that satisfies the minimum requirements to make it safe for its
intended purpose. This may involve the control of single hazards, e.g. the
equipment contains no glass.

2. Equipment that satisfies all the current best-practice hygienic design criteria
and is thus fit for the production of most foods, though it needs to be
dismantled prior to cleaning.

3. Equipment that satisfies all the current best-practice hygienic design criteria
and can be cleaned without dismantling.

4. Equipment that satisfies all the current best-practice hygienic design criteria
and is designed for a specific heat or chemical decontamination treatment.

5. Equipment that satisfies all the current best-practice hygienic design
criteria, is also designed for a specific heat or chemical decontamination
treatment and will prevent ingress of microorganisms. Such equipment
would be suitable, for example, for the production of aseptic foods.

Whilst it is acceptable (though not necessarily cost-effective) to use
equipment designed for a higher hygienic requirement for a lower risk product,
it is unlikely to be acceptable to use equipment designed for a lower risk
category or food products for higher risk or aseptic products.

8.3 Regulatory requirements for hygienic equipment design:
the EU

In the EC, the Council Directiven the approximation of the laws of Member
States relating to machineig9/392/EEC) was published on 14 June 1989. The
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Directive includes a short section dealing with hygiene and design requirements
which states that machinery intended for the preparation and processing of foods
must be designed and constructed so as to avoid health risks. It consists of seven
hygiene rules that must be observed. These are concerned with the following:

e Materials in contact with food

» Surface smoothness

« Preference for welding or continuous bonding rather than fastenings

» Design for cleanability and disinfection

* Good surface drainage

» Prevention of dead spaces which cannot be cleaned

« Design to prevent product contamination by ancillary substances, e.g.
lubricants.

The Directive requires that all machinery sold within the EC shall meet these
basic standards and be marked accordingly to show compliance (the ‘CE’ mark).

Subsequent to this Directive, a European Standard EN 1672e2d
processing machinery — Safety and hygiene requirements — Basic concepts —
Part 2: Hygiene requiremeni&non., 1997), has been adopted to further clarify
the hygiene rules established in 89/392/EEC (Holah, 1998). In addition to this, a
number of specific standards on bakery, meat, catering, edible oils, vending and
dispensing, pasta, bulk milk coolers, cereal processing and dairy equipment are
in preparation (Holah, 2000). The basic hygienic design requirements as
presented in EN 1672-2 can be summarised under 11 headings and are described
below:

1. Construction materials. Materials used for product contact must have
adequate strength over a wide temperature range, a reasonable life, be non-
tainting, corrosion and abrasion resistant, easily cleaned and capable of
being shaped. Stainless steel usually meets all these requirements. There are
various grades of stainless steel which can be selected for their particular
properties to meet differing operational requirements, e.g. Type 316 which
contains molybdenum and is used where improved corrosion resistance is
necessary.

2. Surface finish Product contact surfaces must be finished to a degree of
surface roughness that is smooth enough to enable them to be easily
cleaned. Rougher surfaces will deteriorate more rapidly with age and wear
(abrasion), making cleaning more difficult.

3. Joints.Permanent joints, such as those which are welded, should be smooth
and continuous. Dismountable joints, such as screwed pipe couplings, must
be crevice-free and provide a smooth continuous surface on the product
side. Flanged joints must be sealed with a gasket because, although metal/
metal joints can be made leaktight, they may still permit the ingress of
microorganisms.

4. Fasteners Exposed screw threads, nuts, bolts, screws and rivets must be
avoided wherever possible in product contact areas. Alternative methods of
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fastening can be used where the washer used has a rubber compressible
insert to form a bacteria-tight seal.

5. Drainage All pipelines and equipment surfaces should be self-draining
because residual liquids can lead to microbial growth or, in the case of
cleaning fluids, result in contamination of product.

6. Internal angles and corners These should be well radiused, wherever
possible, to facilitate cleaning.

7. Dead spacesAs well as ensuring that there are no dead spaces in the design
of equipment, care must be taken that they are not introduced during
installation.

8. Bearings and shaft sealsBearings should, wherever possible, be mounted
outside the product area to avoid possible contamination of product by
lubricants (unless they are edible), or to avoid possible failure of the
bearings due to the ingress of the product. Shaft seals must be designed to
be easily cleaned. If they are not lubricated by the product itself, then the
lubricant used must be edible. Where a bearing is within the product area,
such as a foot bearing for an agitator shaft in a vessel, it is important that
there is a groove completely through the bore of the bush, from top to
bottom to permit the passage of cleaning fluid.

9. Instrumentation. Instruments must be constructed from appropriate
materials. If they contain a transmitting fluid, such as in a bourdon tube
pressure gauge, the fluid must be approved for food contact. Many
instruments themselves are hygienic but often they are installed
unhygienically.

10. Doors, covers and paneldoors, covers and panels should be designed so
that they prevent the entry of and/or prevent the accumulation of soil.
Where appropriate they should be sloped to an outside edge and should be
easily removed to facilitate cleaning.

11. Controls.These should be designed to prevent the ingress of contamination
and should be easily cleanable, particularly those that are repeatedly
touched by food handlers to allow process operation.

8.4 Drainability

All pipelines and equipment surfaces should be self-draining, because residual
liquids can lead to microbial growth or, in the case of cleaning fluids, result in
contamination of product (Anon., 1983). Care should be undertaken with the
installation of equipment so that its drainability is not impaired. Sharp corners
must be avoided to ensure good drainability and cleanability. Corners must also
be properly radiused. Surfaces and pipes should not be completely horizontal but
slope towards drain points and there should be no ridges which may hamper
draining (Anon., 1980). Horizontal surfaces must have a slope of more than 3
towards the outlet. In the case of external surfaces, sloping should result in any
liquid flowing away from the main product area (Curil al, 1995).
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Fig. 8.1 Self-draining container designs.

Food-containing equipment (tanks, containers, vessels, troughs, reservoirs,
hoppers, bins, chutes) with discharge openings must also be fully self-drainable.
Figure 8.1 illustrates self-drainable designs with discharge openings at the
lowest level, sloped bottoms>@°) and well-rounded corners. Equipment which
can be tipped for discharging must also have well-rounded corners and be fully
drainable and easily cleanable (Fig. 8.2).
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Fig. 8.2 Hygienic design of tipping containers.
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Fig 8.3 Hygienic connection of pipes of different diameters: the upper design hampers
draining; the lower design facilitates draining.
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Fig. 8.4 Hygienic and unhygienic design of centrifugal (top) and lobe (bottom) pumps.
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Care must be taken that any closed process line can be fully drained. Piping
should slope 3° towards draining points. Even smooth constructions may hamper
draining. This is illustrated in Fig. 8.3, which shows the connection between
pipes of different diameters (Curiet al, 1993b). Although for vertical piping a
concentric reducer is fully acceptable, this is not so for horizontal piping, where
it would affect drainability. For horizontal piping an eccentric reducer must be
used. Self-evidently, reducers should be long enough to avoid shadow zones.
Some types of pumps are traditionally positioned in such a way that draining is
impossible without dismantling. The same type of pumps can also be designed
for positioning in a drainable position (Fig. 8.4).

Where it is not possible to build equipment in such a way that proper draining
is possible, procedures must be designed to ensure that residues of cleaning and
disinfection liquids can be removed in another way. The method used should be
well documented with clear instructions.

8.5 Materials of construction
Materials used for product contact must:

* have adequate strength over a wide temperature range

* be durable and have a reasonable life

« be non-toxic, non-tainting and non-absorbent

» be resistant to cracking, chipping, flaking corrosion and abrasion
* prevent penetration of unwanted matter under intended use

* be easily cleaned and capable of being shaped (Cetrial, 1993a).

Stainless steel usually meets all these requirements. There are various grades of
stainless steel which can be selected for their particular properties to meet
operation requirements, for example Type 316 which contains molybdenum and
can be used where improved corrosion resistance is necessary. It is important to
avoid direct metal-to-metal joints other than by welding since metal-to-metal
contact may harbour soil and microorganisms. In the case of equipment intended
for aseptic processing, metal-to-metal seals will not prevent the ingress of
bacteria. Elastomers and other polymers should retain their surface and
conformational characteristics when exposed to the conditions encountered in
production, cleaning and decontamination.

Materials for non-food-contact surfaces must be easily cleanable and
resistant to the product and to cleaning and disinfecting agents. As with
product contact surfaces, stainless steel is to be preferred. If components are
coated (e.g. motors, drives, casings) the coating must be non-toxic and
resistant to cracking, chipping or flaking. Coated components should not be
positioned directly above open product areas. Insulation must be vapour tight
to avoid growth of microorganisms. Materials of construction are dealt with in
detail in Chapter 11.
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8.6 Surface finish

All surfaces in contact with foodstuffs must be easily cleanable (Holah and
Thorpe, 1990). Surfaces must therefore be smooth, continuous and free from
cracks, crevices, scratches and pits which can harbour and retain soil and/or
microorganisms after cleaning. Although good cleanability is the key
requirement for surfaces rather than smoothness, a maximum roughness is
specified for food contact surfaces since cleaning time required increases with
surface roughness. Both the American 3-A organisation and the European
Hygienic Equipment Design Group (EHEDG) specify a maximum roughness for
food contact surfaces (3-A Sanitary Standards Committee, 1995; @tré)
1993a). Product contact surfaces should have a finish of an acceRiatddue

and be free of imperfections such as pits, folds and crevices (for definitiRg, of

see 1SO, 1982). For large surface areas product contact surfaces should have a
surface finish of 0.&m R, or better (Curielet al, 1993a). A roughness of
>0.8um may be acceptable if test results have shown that the required
cleanability is achieved because of other design features. For closed equipment
(that used for liquid handling and usually cleaned-in-place (CIP)) a surface
finish of 0.8um R, is recommended, with highd®, values being acceptable if

they can be shown to be cleanable. It should be noted that cold rolled steel has a
roughness oR,; = 0.2 to 0.5um and therefore usually does not need to be
polished to meet surface roughness requirements, provided the product contact
surfaces are free from pits, folds and crevices when in the final fabricated form.
However, grinding is required for hot-rolled steel unless there are special
requirements regarding the process involved. As the surface roughness of cast
materials and carbon steels does not meet the recommended figure, the
cleanability of the components made with these materials will require further
investigation. Non-product contact surfaces must also be smooth enough to
ensure that cleaning is easy. Porous surfaces are usually unacceptable.

Table 8.1 shows the surface roughness achieved by differing surface
treatments of stainless steel. It is important to measure whether the intended
surface roughness has been achieved. Measuring instruments are readily
available and, for surfaces that cannot be reached by such an instrument,
surface replicas can be made for indirect measurement.

8.7 Corners, crevices and dead spaces

Corners should be well rounded or radiused, wherever possible, to facilitate
cleaning (Anon., 1983). Corners should preferably have a radius equal to or
larger than 6 mm with a minimum radius of 3 mm. Sharp corne9)f) must be
avoided. Possible exceptions are equipment where the sharp corner is
continually swept, such as lobe pumps. If sharp corners cannot be avoided or,
for technical reasons, the radius of a corner must be smaller than 3 mm, the
design must be such that the loss of cleanability is compensated. If used as a
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Table 8.1 Examples of surface treatments of stainless steel and resulting surface
roughnesses

Treatment Ry in pm

Cold-rolled stainless steel 0.2-0.5

Hot-rolled stainless steel >4

Glass bead blasting (depending on bead size) 1.0-1.2

Descaling 0.6-1.3

Bright-annealing 0.4-1.2

Pickling 0.5-1.0

Electropolishing Electropolishing does little to

improve R, value, but does round
off peaks, improving cleanability
Mechanical polishing with aluminium oxide or
silicon carbide, abrasive grit number:

500 0.1-0.25
320 0.15-0.4
240 0.2-0.5
180 <0.6
120 <11

60 <3.5

sealing point, corners (larger than 180°) must be sharp to form a tight seal at the
point closest to the product/gasket interface. Edges must be deburred. Figure 8.5
shows how to weld without sharp corners.

Crevices should be avoided since they cannot be cleaned. They retain product
residues, which may effectively protect microorganisms against inactivation. In
most cases, crevices are the result of poor equipment design. When parts of
equipment must be mounted together, metal-to-metal contacts (other than welds)
must be avoided as they leave very narrow and deep crevices. Elastomers should
be used between metal components. The elastomeric material must be mounted
in such a way that the seal is at the product side and that, to prevent destruction
of the elastomer, excessive compression is prevented. This can be achieved by
including design features which align the surfaces of the various parts and

Sharp corner -~ R =6 mm
RO g 7
Join corner A Join
Unhygienic design Hygienic design

Fig. 8.5 Hygienic and unhygienic welding: corners.
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provide a metal stop (Curi@t al,, 1993b; 1995). Care must be taken in the use
of o-rings since these can also create crevices (Baundtaadh 1997). Seals are
discussed in more detail later in this chapter.

In some cases crevices are unavoidable. This may be the case if slide bearings
are needed in contact with product (e.g. as bottom bearings or top-driven stirrers
and as bearings in scraped surface heat exchangers). Their presence should be
taken into account when writing procedures for cleaning and disinfection. These
procedures may need instruction for partial or total dismantling of equipment for
cleaning and specific procedures for cleaning and reassembling component
parts.

Dead spaces and shadow zones are areas outside the main product flow
(Curiel et al, 1993b). Typical examples are T-sections in pipes used, for
example, to mount sensors such as pressure gauges. An example is shown in Fig.
8.6. The decrease in product flow velocity relative to the depth of the T-section
is also shown in Fig. 8.6. In this example, where the length of the T-section is
equivalent to the diameter of the main pipe, a flow velocity of 2 m/s in the main
pipe results in a velocity of 0.3 m/s in the T-section. This decrease in flow
velocity provides a relatively stable pocket or ‘dead leg’ in which product
residues can accumulate and microorganisms begin to multiply. During cleaning
there is much less transfer of energy to the food residues (soil) in zones which
are outside the main flow of cleaning liquids than to the soil in the main flow.
Such areas are difficult to clean and therefore should be avoided. Effective
cleaning requires a velocity of cleaning liquid of 1.5 m/s (Timperley, 1981).

0.25

0.20 \"°

0.15

oy, =1.0m/s
ov, =1.5m/s
Oy, =2.0m/s
0.10 N Oy, =2.5m/s —
° Ay, =3.0m/s
Ay, =3.5m/s
dy=60 mm N I
0.054 7=50°C

AV
e
Z&-

0 1 2 3 4 5 6

Relative dead space depth = dL

Fig. 8.6 Fluid motion in a dead space: decrease in product flow velocity relative to the
depth of a T-section.
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Fig. 8.7 Impact of T-sections on decontamination by hot water or steam.

Lower velocities may dramatically increase the time required for cleaning. If hot
water is used to pasteurise a process line, an upward pointing leg of a T-section
will trap air, thereby reducing the rate of heat transfer and causing the
decontamination of the dead leg — and what is connected to it — to fail. If a
process line is sterilised with steam, an upward pointing dead leg, if clean and
not too long, will probably be decontaminated properly, as steam will condense
on the surfaces of the leg and fall down to let more steam to condense and give
off its energy. With steam sterilisation, downward pointing legs give problems.
Here condensation will be collected in the leg and hamper heat transfer. The
temperature will be too low for complete sterilisation (unless the presence of the
leg has been taken into account in defining sterilisation procedures). A
downward pointing T-section may also compromise sterilisation by hot water
since the temperatures of the surfaces in the dead area, which will be outside the
main flow of hot water, may be too low. The impact of T-sections on
decontamination is shown in Fig. 8.7. A properly designed food processing line
therefore should not have unnecessary dead legs. Those which are unavoidable
should be in the correct position for the selected decontamination treatment. If
unavoidable, their presence should be taken into account when devising cleaning
procedures. Duration and temperature of treatment must be clearly described in
operation procedures (Curiet al, 1993b).

If a T-section is unavoidable, it must be as short as possible (Anon., 1973).
For pipe diameters of 25 mm or longer it should have a depth of preferably
under 28 mm (see Fig. 8.8). For smaller pipe diameters the length should be
smaller than the diameter. For most liquids, the dead leg should be positioned as
shown in Fig. 8.9(a). This configuration may not be suitable, however, if
products contain any particulate matter, which may accumulate in the dead leg.
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(a)

<€ 28 mm

Fig. 8.8 Optimal depth of T-sections relative to pipe diameter.

Configurations (b) and (c) may be acceptable if the dead leg is very short. In all
cases, the cleaning procedure must take the presence of the dead leg into
account. The direction of the flow of product has a significant influence on the
residence time in the dead leg and therefore should be as indicated. If T-sections
are necessary, short right-angle tees or so-called swept tees (Fig. 8.8) may be
used. Swept tees must be used with caution, however, as in horizontal pipelines
(Fig. 8.8(a)) a swept tee could hamper draining. They are best mounted in a
vertical pipeline as in Fig. 8.8(b).

Flow diversion should not be done in a way that would cause part of the
product to stand still in a dead leg (Fig. 8.10). The two-valve system for flow
diversion (Fig. 8.10(a)) creates a dead leg towards the closed valve. The correct
type of valve is shown in Fig 8.10(b). Dead areas are also created where product
pumps are equipped with a pressure relief valve or with a bypass in case the
pumps have insufficient capacity for circulating the cleaning liquid at the
required velocity (Fig. 8.11). During production in configuration (a) product is

(a) (b)
— [ ]
I —_ —_>

|

©

|

Fig. 8.9 Optimal positioning of dead legs.



136 Hygiene in food processing

Lol 7 -

Tank B

Tank B

7
AN AN

(a) (b)
Fig. 8.10 Hygienic product flow diversion.

entrapped in two large-volume dead legs when the valve is closed. Such product
may spoil and infect the passing product. In open position, the valve provides a
bypass to relieve pressure or to allow a higher flow rate of cleaning fluid through
the process line than the pump would allow. Note that in such cases the pump
and the piping between pump and valve may need a longer time for cleaning.
The pump on the left is also shown in a position that does not allow draining.
With the same valve it is also possible to construct a dead leg free bypass as in
Fig. 8.11(b).

8.8 Welds and joints

Joints should be avoided where possible. Bending of pipes is preferable to the
use of prefabricated bends with couplings. If pipe bending is not possible,
welding is preferred, provided that the welding is done correctly to ensure a
smooth and continuous weld (Eastwoet al, 1993). It is better to use
permanent joints rather than dismountable joints to reduce the hygienic risks
caused by projections, protrusions, edges, recesses, metal-to-metal contact

Dark area
not drainable —»
Bypass—»
| —>| |
2
Pump AA
(a) Unhygienic (b) Hygienic

Fig. 8.11 Hygienic positioning of pumps.
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Fig. 8.12 Hygienic welding: joining plates.

and crevices in sealing gaskets (Cugehl, 1995). Permanent joints, such as
those that are welded or bonded, should be smooth and continuous and free
from recesses, gaps or crevices. They should preferably be welded. There are
several types of common defects arising in welded joints (e.g. misalignment,
cracking, porosity, inclusions) which can act as a source of microbiological
problems. To avoid these problems, the product contact surface of welds must
be smooth (ground flush with the surrounding surface). To avoid crevices
through metal-to-metal contact, the welded seams must not be intermittent but
continuous (Fig. 8.12). Overlapped welded joints should not be used since
they retain soil and form ‘dead’ or ‘shadow’ areas at the overlap edge which
are difficult to clean. If overlapping is unavoidable, it will be necessary to
develop well-documented and adequate procedures for draining and cleaning
these shadow areas. The welded seams should be ground flush and smooth. In
the case of thick sheets the edge of the upper plate must be sloped. If
necessary, edges must be ground. Figure 8.12(a) illustrates the problem with
overlapping sheets, particularly if they are combined with an intermittent
rather than continuous weld seam. Figure 8.12(b) shows an improved design
with a sloped edge which is less likely to harbour residues and is easier to
clean. Figure 8.12(c) shows an ideal design with smooth, continuously welded
sheets. Welding in sharp corners of equipment must be avoided. Radiused
corners (sloped sides) and welding seams away from corners are recom-
mended (Fig. 8.5).

If adhesives are used for permanent joints they must be compatible with
materials, products and cleaning/disinfecting agents with which they are in
contact. All bonds should be continuous and mechanically sound so that the
adhesives do not separate from the base materials to which they are bonded.
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Metal-to-metal joints (other than welds) seal as a result of the deformation of
the contacting metal surfaces. This causes permanent damage to these surfaces,
making it more difficult to obtain a tight seal after every disconnection. Even
when these joints are not visibly leaking, the ingress of microorganisms is
possible. The seal obtained is also very unlikely to be at the product side and is
more likely to follow an irregular line between the inside and outside. The
resulting annular crevice will trap product and create a hygiene risk. Metal-to-
metal joints should therefore be avoided.

Dismountable joints (e.g. of plates or appendages) fixed by fasteners (e.g.
screws or bolts) must only be used if dismantling is unavoidable. Where
detachable joints are necessary, they should be sealed by elastomers (Baumbach

Unhygienic design
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Fig. 8.13 Hygienic and unhygienic screwed pipe couplings (DIN 11851).
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et al, 1997). Dismountable joints, such as screwed pipe couplings, must be
crevice-free and provide a smooth continuous surface on the product side (Fig.
8.13). Flanged joints must be located with each other and be sealed with a gasket
because, although metal-to-metal joints can be made leaktight, they may still
permit the ingress of microorganisms (Fig. 8.14).

The sealing of metal-to-metal contact surfaces requires particular care. Figure
8.15 illustrates the problem of using overlapped screw joints. Screws or nuts are

Unhygienic design
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Fig. 8.14 Hygienic and unhygienic flanged joints in pipe couplings.
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Fig. 8.15 Poor design of joints.

unable to provide sufficient compression to prevent crevices between sheet
edges. Moreover, exposed screw heads and unsealed threads create additional
hygiene hazards. An improved design is shown in Fig. 8.16 where the combined
use of crews and pins provides improved compression and the two edges are
properly sealed. In addition, screw and pin joints on the reverse side to the
product remove the extra hazards shown in Fig. 8.15. However, the design of
grooves for seals needs to allow space for the expansion of the seal into the
product area during heating. A further improved design is shown in Fig. 8.17
using flanged sheets for controlled compression and allowing space for heat
expansion. Seals are discussed in more detail later in the chapter.

The welding of permanent joints should be done by trained and experienced
welders following the appropriate guidelines (Eastwaidal., 1993). Not all
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Fig. 8.16 Improved design of joints.
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Fig. 8.17 Further improved design of joints.

welding techniques can produce welds of a sufficient standard. Tungsten-inert-
gas (TIG) welding should be used. To obtain a good weld, materials must match
(in compositionandin dimensions). During welding the materials must be fully
protected by inert gas and the welding temperature must be correct. Otherwise,
welds which may seem correct when fresh and polished will corrode rapidly in
use. The preferred method for pipework is automatic orbital welding. If properly
programmed, an orbital welding machine is capable of producing consistently
high quality welds.

8.9 Fasteners

One of the most usual failures of sanitary design is the use of unsuitable
fastenings such as nuts, bolts and screws (Catial, 1995). Where possible on

the product side welding must be used following the guidelines for hygienic
welds. An acceptable alternative might be the use of adhesives. If adhesives are
used, care must be taken to ensure that the seal obtained is reliable and can
withstand process and cleaning conditions. Self-evidently the adhesive must be
approved for food contact applications.

Fasteners present two problems. The first is the danger that they might work
loose and fall into the product flow. If fasteners are unavoidable, they should
ideally have magnetic properties so that downstream magnets as well as metal
detectors have a chance to remove them. However, some types of stainless steel are
less magnetic than others, and it may not always be possible to take this precaution.
The second problem is the presence of metal-to-metal contact which, with
increased wear, creates growing crevices which will trap product residue. Fasteners
also create dead spaces and other soil trap points. These are illustrated in Fig. 8.18.

If nuts or screws are unavoidable, they should be hygienically designed and
installed (Anon., 1974). Ideally they should be inserted on the reverse side to the
product (Fig. 8.19). If not, they should be designed with a domed head which
minimises the risk of product adhering to the head and facilitates cleaning.
Collars should also be circular and sloped. A metal-backed elastomer gasket
should be used to seal the thread (Fig. 8.20). Rivets should not be used for
joining surfaces. As equipment dismantling for cleaning, inspection and
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Fig. 8.18 Hazards created by unhygienic use of screws.
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Fig. 8.19 Hygienic use of screws: non-product side.
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Fig. 8.20 Hygienic design of screws: product side.
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maintenance involves loosening of nuts and bolts, ease of removal is essential.
Any potential thread seizure through over-tightening must be prevented and
therefore selection of the nut and bolt material is important. If threads are
damaged during dismantling, they should be immediately re-threaded or the
damaged fastener replaced. Lubricants should be avoided as they may be a
source of contamination.

8.10 Seals

Seals have traditionally been made from rubber and particularly from synthetic
rubbers or elastomers. Seals must be able to withstand a variety of conditions
such as sub-zero temperatures during processing and temperatures above 100°C
during sterilisation (Curieét al,, 1993b). Materials must also be easily cleaned
during sanitation. They must also withstand a variety of products, such as acid
and alkaline solutions as well as oils. To ensure a smooth durable surface with
sufficient temperature and corrosion resistance, equipment manufacturers tend
to use polytetrafluoroethylene (PTFE) as gasket material in food processing
equipment. PTFE, however, lacks resilience. It has an expansion coefficient of
approximately 10810 %K, compared to approximately €0 %K for
stainless steel. Due to this large difference in thermal expansion coefficient
between PTFE and stainless steel, a heat treatment changes the shape of the
PTFE gasket and after cooling down a crevice occurs (as shown in Fig. 8.21).
For a gasket of 5 mm thickness and a temperature change from 20°C to 120°C
and back, the crevice may be @6 wide if there is no resilience at all (in
practice the gap will be slightly smaller). It is important not to use seals made
from non-resilient materials (Lelieveld, 1994).

As well as selecting appropriate materials, it is also important to control
compression of elastomers. Overcompression may lead to destruction of the
elastomer, particularly if the overcompressed elastomer is heated (for example,
in pasteurisation and sterilisation processes). The elastomer may become brittle
and fail to provide the required seal, while parts of the elastomer may
contaminate the product. Secondly, overcompression may lead to protrusion of
the elastomer into the equipment, thereby hampering cleaning and draining.
Undercompression is also a potential problem as it may lead to crevices and fail
to provide a reliable seal. Even when it is not visibly leaking, the seal may
permit the ingress of microorganisms (Fig. 8.22). Pipe coupling needs therefore
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Fig. 8.21 Deformation of non-resilient gasket material.
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Fig. 8.22 Over- and under-compression of gasket material.

to take account of gasket compression as well as other factors such as control of
alignment (Baumbaclet al., 1997). Figure 8.23 shows a number of designs
which ensure control of the compression of elastomers. Figure 8.23(c) shows an
ISO 2853 coupling which uses a T-gasket design to control compression (Anon.,
1976; Curielet al., 1993b).
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Fig. 8.23 Hygienic design of pipe couplings controlling both alignment and
compression.
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Heating Cooling

Fig. 8.24 Unhygienic o-ring seal.

Installations containing conventionally designed o-ring seals invariably create
crevices that are impossible to clean in place and provide dead spaces in which
microorganisms can multiply. This problem is a consequence of the different
thermal expansion coefficients of elastomers and steel. Heat causes the o-ring to
expand, protecting microorganisms trapped between the o-ring and the steel
surface against contact with hot water, chemical solution or steam. After cooling
down and shrinkage of the o-ring, the survivors will be freed and will infect the
product that will fill the gap at the start of the production (Fig. 8.24).

O-rings can only be used if mounted in a way that ensures that the area of
steel covered by the rubber at the product side is not influenced by thermal
expansion. Often this leads to large forces inside the o-ring and as a result the
lifetime of the o-ring may be reduced significantly. Figure 8.25 illustrates
hygienic design using o-rings. Figure 8.25(a) shows a pipe coupling and Fig.
8.25(b) shows a pH-electrode fitting. In both cases the o-ring is almost
completely enclosed with the surrounding metal partially protected from the
product contact surface. However, because of the volume of the elastomer, its
virtually complete enclosement and the differences in expansion between

Housing

Deformed
o-ring

1 pH-electrode

(a)

(b)
Fig. 8.25 Hygienic use of o-rings in a pipe coupling (left) and a sensor (right).



146 Hygiene in food processing
Long
narrow

gap - Reduced

difficult ) \ N Enhanced space
to clean \ 77 gap /

Fig. 8.26 Hygienic and unhygienic design of dynamic seals.

elastomer and steel, forces inside the elastomer may result in accelerated ageing,
so that periodic replacement may be required. The use of metallic stops would
ensure bacteria-tightness but avoid destruction of the elastomer during heating.
Dynamic seals also require careful hygienic design so that they can be easily
cleaned. The space around the seal should be as wide as possible. The narrow
annular space which is usually found at the product side of the seal must be
avoided. Figure 8.26(a) illustrates the problem, whilst Fig. 8.26(b) illustrates a
design which both reduces the volume of annular gap around the shaft and
ensures sufficient space around the seal. Since they will still allow the passage of
some microorganisms, dynamic seals should be avoided in aseptic equipment.
This may be achieved by using bellows or diaphragms that separate the seal
from the product side. Where that is not possible (e.g. in the case of rotary seals),
double seals must be used (Fig. 8.27). The space between the seals must be
flushed either with an antimicrobial fluid (such as hot water, steam or a solution

Antimicrobial fluid
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&,@ 7

Antimicrobial fluid

Fig. 8.27 Hygienic design using a double seal.
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Fig. 8.28 Hygienic and unhygienic joints for flexible hoses.

of an antimicrobial chemical) or with sterile water. The choice of flushing fluid
will depend on product requirements. To avoid the transfer of microorganisms
from the outside of the equipment to the inside, without a sufficiently long
exposure to the antimicrobial fluid, the distance between the two seals must
always be larger than the stroke of the reciprocating shaft. It should be realised
that rotating shafts often exhibit some axial mobility and hence assist
penetration of microorganisms. Flexible hoses are frequently used to connect
moving and static parts of process lines (e.g. moveable dosing heads on filling
machines). Figure 8.28 shows the non-cleanable crevice created by the
traditional way of mounting hoses to pipes and how this can be done correctly
without crevices.

8.11 Shaft ends

Equipment such as stirrers, homogenisers, mixers or cutters can pose a
significant risk (Timperley and Timperley, 1993). Crevices caused by metal-to-
metal contact or dead spaces in grooves must be avoided. If adhesives are used
for metal-to-metal joints, they and the bonds created by their use must follow the
recommendations given for permanent joints (Section 8.8). Hubs, nuts and
coupling shafts must be carefully sealed under controlled compression. Corners
(e.g. hubs and nuts) must be radiused and horizontal areas sloped. To avoid any
screwed joints, appendages (such as blades) should be welded to the hub. Figure
8.29 illustrates good and bad hygienic design of a blade attachment. Design (a)
employs metal-to-metal contact, creating crevices, and uses exposed screw
heads, which both harbour microorganisms. Design (b) shows a hygienically
designed detachable blade attachment with a sealed, sloping cap and joints.
Design (c) illustrates a welded blade attachment with a sloping cap which
facilitates cleaning.

Bearings should, wherever possible, be mounted outside the product area to
avoid possible contamination of product by lubricants (unless they are edible) or
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Fig. 8.29 Hygienic and unhygienic design of blade attachments.

possible failure of the bearings due to the ingress of the product. Shaft seals must
be of such design so as to be easily cleaned and, if not product lubricated, then
the lubricant must be edible. Where a bearing is within the product area, such as
a foot bearing for an agitator shaft in a vessel, it must be mounted clear of the
base to allow free cleaning of the feet. It is also important that there is a groove
completely through the bore of the bush, from top to bottom, to permit the
passage of cleaning fluid. Figure 8.30 illustrates a hygienic design for a foot
bearing with grooves in the bearing area to facilitate lubrication by fluid
products and cleaning operations, and mounted clear of the base.
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Fig. 8.30 Hygienic design of a foot bearing.
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8.12 Doors, covers and panels

Doors, covers and panels should be designed so that they prevent the entry and/
or accumulation of soil. Where appropriate they should be sloped to an outside
edge and should be easily removed to facilitate cleaning. Figure 8.31 shows how
a lid of a vessel, intended to protect a product, may accumulate dirt that will
contaminate the product in the vessel when the lid is opened. Figure 8.32
illustrates more hygienic designs. Covers can be completely detachable for
cleaning, as in Fig. 8.32(a) and (b). Non-removable covers must be sloped for
drainage (Fig. 8.32(c)). If hinged covers are used, the hinge must be designed in
such a way that it can be dismounted or cleaned easily and that accumulation of
product, dust and foreign bodies (including insects, etc.) is avoided. Pipes or
instruments attached to or passing through covers must be welded or carefully
sealed. Figure 8.33 illustrates an incorrect (a) and correct (b) way of mounting a
lid. Design (b) has a sloped top which avoids the sharp corner created by design
(a) in the closed position which would be difficult to clean. Tanks should not be
opened at all during production unless absolutely necessary.
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Hinge
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Dead
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& B,
Fig. 8.31 Hygiene risks from equipment covers.
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Fig. 8.32 Hygienic designs for equipment covers.
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Fig. 8.33 Hygienic and unhygienic mounting of lids.
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8.13 Rims

The design of top rims of product-containing equipment (e.g. containers, chutes,
boxes) must avoid ledges where product can lodge and which are difficult to
clean (Fig. 8.34). Open top rim designs must be rounded and sloped for drainage
(Fig. 8.35). If the top rim is welded to the wall, the weld must be flush and
polished to provide a smooth surface. In this case, the rim must be totally closed.
Any holes, therefore, must be sealed by welding or by fitting sealed caps (Fig.
8.36) (Curielet al.,, 1995).

Residues of soil and
product

Fig. 8.34 Unhygienic rim designs.

Sloping and curved edges

Fig. 8.35 Hygienic design of rims.
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Fig. 8.36 Sealed rims and caps.

8.14 Conveyor belts

Conveyor belts present particular problems in hygienic design. It is very
important to ensure that a conveyor belt does not absorb moisture as this will
lead to microbial growth and contamination. Once microorganisms have
colonised the inner fabric of the belt, it will be impossible to remove or
inactivate them without destruction of the belt. Accumulation of soil around the
edges of the belt must also be avoided, which requires a special construction.
Even with proper design, thorough cleaning and inspection after cleaning is
essential as spillage around the edges is very difficult to prevent completely
(Curiel et al, 1995).

Figures 8.37-8.41 illustrate a number of design issues. Open edges of
reinforced belts cause hazards by crevices or absorption of liquids (Fig. 8.37(a)).
Reinforced materials should therefore be encased within the main belt with the
use of rounded edges for easier cleaning (Fig. 8.37(b)). Non-removable bearing
surfaces for belts and non-removable covers allow dirt to accumulate and
prevent cleaning. Pivoted covers with hinges also create crevices and are
difficult to clean (Fig. 8.38(a)). A design with a detachable cover which can be
removed for cleaning is preferable (Fig. 8.38(b)). The use of swivel-mounted
rollers also facilitates cleaning. When the conveyor belt is not in use, the rollers
can be raised to create a space between the belt and the bearing table which will
allow cleaning to take place (Fig. 8.39). To avoid any hygiene risk, drives of
belts and any appendages such as sensors must be covered, and the belt should
be clear of framework to give open access to the belt and rollers for cleaning
(Fig. 8.40). Sides of rollers which are not aligned and smooth cause dead areas

(a) 3 (h) -
Open edge Covered edge

Qs s

L s

Reinforcement Rounded rim

Fig. 8.37 Hygienic and unhygienic design of conveyor belt material.
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Fig. 8.38 Hygienic and unhygienic cover design for conveyor belts.
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Fig. 8.39 Swivel-mounted rollers for conveyor belts to allow cleaning.
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Fig. 8.40 Sealed casing for conveyor belt drives and monitoring equipment.

and crevices (Fig. 8.41(a)); aligned front sides which are properly welded to the
roller and to the shaft avoid any hazard and can be cleaned easily (Fig. 8.41(b)).

8.15 Equipment controls and instrumentation

Controls, particularly those that are repeatedly touched by food handlers to
allow process operation, should be designed to prevent the ingress of
contamination and should be easily cleanable. Pathogenic microorganisms have
been known to harbour in switches and be transferred to product every time they
are opened (Holah, 2002). The importance of good hygienic design can be
illustrated with reference to a sliced-meat factory which had slicers whose action
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Fig. 8.41 Hygienic and unhygienic design of rollers for conveyor belts.

was initiated by pressing a control switch identical to that shown in Fig. 8.42.
The factory concerned was having problems due to product contamination with
Listeria monocytogeneand was eventually forced to stop production for a few
days with a subsequent financial loss in excess of £1 million. The problem was
finally traced to a source df. monocytogenethat was being harboured within

the body of the slicer switches. At the beginning of production the slicing
operative picked up a log of meat, placed it on the slicer and pressed the control
switch to start slicing. From this point on, and every time he subsequently
repeated this procedurke, monocytogenewas transferred from his hand to the
slicer and, by the middle of the shift, sufficientmonocytogenesas present on

the slicer to be detected in the product. The conclusion to the incident was the
purchase of a number of rubber switch covers as shown in Fig. 8.43 for the cost
of a few pounds.

Instruments must be constructed from appropriate materials. If they contain a
transmitting fluid, such as in a bourdon tube pressure gauge, then the fluid must
be approved for food contact. Many instruments themselves are hygienic but
often they are installed unhygienically (Berrie, 2001). When choosing

Fig. 8.42 Poor design of a control switch.
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Fig. 8.43 Hygienic design of a control switch.

instrumentation for food production, it is always wise to bear in mind that it is not
the normal operation of a device that gives problems, but rather the unexpected
event. Thus, the risk of chemical contamination can be eliminated by using a
suitable material for the wetted parts of the device. The risk of bacterial
contamination can be reduced by regular cleaning and the use of suitably
designed process connections. The introduction of foreign bodies, however, is
only partially covered by the adoption of a high degree of protection. The case
where equipment in direct contact with the product fails, producing debris or
releasing contaminants, must also be considered. Here it is essential that the user
is warned and/or that the released products are not dangerous to health.

The wetted parts of a device are those parts which are in contact with the
medium being measured. For temperature measurement this might be the
thermowell, for pressure measurement the isolating diaphragm and for a
contacting level measurement the sensing element itself. Even so-called non-
contact devices must be considered to have wetted parts when they intrude into
the pipeline or tank. Here it is not so much the contact with the medium, but
crevices and their exposure to high temperatures and vapours which have to be
considered. The positioning of the measurement device must also be examined.
Flowing gases, liquids or solids may cause abrasion or generate high mechanical
forces, which combined with high temperature or vibration enhance
electrochemical attack or mechanical fatigue. Moreover, the wetted parts must
be able to withstand the forces and temperatures generated during cleaning or
sterilisation-in-place procedures.

In addition to the normal mechanical design factors, the toxicological and
bacteriological compatibility of the materials used for wetted parts must also be
taken into consideration. As far as the toxicological properties are concerned, a
material approved by the US Federal Drug Administration (FDA approval) or
equivalent regulating body must be used. The bacteriological factor is a different
matter. Although regular cleaning and gap-free design reduce the broad risk of
infection, the proper design and finishing of the wetted parts is just as important.
This basically means flowing contours and clean welding, no nooks and
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Table 8.2 Stainless steels suitable for the food industry

Material AISI* Properties

1.4301 304 Good resistance against organic acids at moderate
temperatures
Good resistance against salt and alkalis at moderate
temperatures

1.4404 316L Increased resistance against non-oxidising acids such as

acetic acid, tartaric acid, phosphoric acid
Increased resistance against pitting and intercrystalline

corrosion
1.4435 316l Better corrosion resistance than Type 1.4404
1.4571 316 Ti Increased corrosion resistance against particular acids

and salt water
Resistance against pitting corrosion

* The AISI steels are equivalents but do not have identical compositions.

crannies, and no obstructions that might cause the product to gather and rot.
Usually all components in the tank are of highly polished stainless steel to
prevent the product from sticking.

The corrosion resistance of the wetted parts is also important. This is not
simply a matter of their resistance to the products and cleaning agents. Under
high temperatures, strong vibration and mechanical stress, electrochemical
corrosion or intergranular corrosion may be enhanced. The one results in surface
pitting, providing an ideal breeding place for bacteria, the other in the depletion
of the nickel and chromium at the grain interfaces, which means the component
will rust. Table 8.2 lists some stainless steels suitable for the food industry.

The majority of process instruments are installed in pipes or tanks by means
of threaded connections or flanges. Neither of these methods is suitable for food
manufacture since both offer crevices and gaps where the product can
accumulate and rot. In addition, the mounting and dismounting takes
considerable effort, so cleaning becomes difficult. Ideally, a process connection
should offer no gaps where the product can become trapped. One solution is to
weld the instrument in place and then grind and polish the inside of the
connection. Unfortunately this means that the instrument cannot be exchanged
should it fail. For thermowells, where the sensor insert is easily replaced, and for
flowmeters, however, it is quite feasible and is often encountered. Process
instruments are generally installed by means of so-called sanitary couplings.
These combine the need for a gap-free mounting with that of easy mounting and
dismounting, allowing them to be quickly removed for cleaning. Over the years
a number of different designs have come onto the market, a selection of which
are summarised in Table 8.3.

Just as important as the wetted parts and process connection is the design of
the housing of a process instrument. Depending upon the instrument type, this
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Table 8.3 Sanitary couplings for the food industry

Type Use Description

Dairy coupling  Pipes and tanks  Reasonably priced coupling that is frequently

(to DIN 11851) found in the food industry. Its weakness lies in
the hygienic adaptation to the process which does
not allow flush mounting. The coupling is made
by a threaded boss and slotted sleeve. A conical
seating and tapered nozzle with sealing ring
comprise the process seal

Aseptic Pipes (tanks in  Introduced in 1998 as a replacement for the dairy
coupling (to preparation) coupling. Designed to EHEDG
DIN 11864) recommendations, thanks to a flush sealing

construction. The mechanical coupling is via
bolts or a threaded sleeve, the seal being flush
with the pipe wall

Varivent® Pipes In-line housing that allows the flush mounting or

coupling the sensor, which is attached to the housing by
means of a screw clamp. Three housing types
cover a wide range of pipe diameters. For the
majority of process sensors Type 3, for pipes of
DN 40 upwards, is required. This facilitates the
exchange of instruments

APV coupling Pipes In-line housing of similar construction to the
Varivent coupling. The sensor, however, is bolted
in position

SMS coupling Pipes and tanks  Reasonably priced, Scandinavian standardised

screw coupling which is also used in France. Its
weakness lies in the hygienic adaptation to the
process which does not allow flush mounting

IDF coupling Pipes and tanks International Dairy Federation screw coupling
standardised in ISO

Tri-clamp® Pipes and tanks  Sanitary coupling with bevel seating produced by

coupling the Tri-Clover Company in America. Instruments

are quickly mounted and fixed with snap-on
clamps. The couplings find widespread use in
America

may contain only the connecting terminals or the entire evaluating electronics.
In both cases it must provide protection:

» from the ingress of dust or moisture from the outside
« when the sensor is used in an explosion hazardous area, from the egress or a
spark or flame from the inside to the outside.

The former can be ensured by a suitable degree of protection, the latter by a
suitable type of protection.
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Table 8.4 Ingress protection categories to IEC 60 529

Code Ingress protection against Code Ingress protection against
solids water
Not protected 0 Not protected
0 >50 mm diameter, e.g. hand 1 Vertical dripping
1 >12.5 mm diameter, e.g. finger 2 Dripping (15° inclination)
2 >2.5 mm diameter, e.g. tool 3 Water spray
3 >1 mm diameter, e.g. wire 4 Splash water
4 Protected from dust 5 Jet of water
5 Dust-proof 6 Strong jet of water
6 7 Temporary submersion
8 Total submersion

As far as the ingress of dust and moisture is concerned, the world is divided
into two camps. One half uses the IP standard (IEC 60 529) and the other the
American NEMA Standard No. 250. Nowadays, however, many manufacturers
guote both in their technical specifications. The IP standard is a description of
the measures designed for the protection of the housing and the equipment
within the housing. The degree of protection is indicated by a two-part code, e.g.
IP 65. The first number is concerned with the protection from the ingress of solid
matter, the second with water. As can be seen from Table 8.4, in order to
withstand the frequent cleaning in a food production facility, housings with
ratings of IP 65 or better are required. The NEMA standard comprises 14 type
codes which deal with practical requirements on housings suitable for indoor
and outdoor use. It also makes a statement about the protection from external
influences and conditions such as mechanical impact, corrosion, humidity,
mould, pests, dust, etc. As can be seen from Table 8.5, which lists only a

Table 8.5 Degree of protection of enclosures as per NEMA Standard 250 (selection)

Type Indoor Outdoor Degree of protection

1 yes Protection against contact with equipment within the
housing

2 yes Protection against a specified quantity of water droplets and
dirt

3 yes Protection against blown dust, rain, sleet and snow,
and external ice formation

4 yes yes Protection against blown dust, splashes and jets of
water

4X yes yes Protection against corrosion, blown dust, splashes and
jets of water

5 yes Protection against dust falling, dirt and lubricating non-
corrosive fluids

6 yes yes Protection against water penetration during occasional

temporary submerging in limited depth
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Fig. 8.44 Hygienic and unhygienic mounting of instruments.

selection of codes, a NEMA 4X enclosure is best suited to the requirements of
the food industry.

In comparison to the chemical industry, there is less need for explosion
protection in the production of food. If flammable liquids or easily ignitable
gases are present, however, then the instrumentation must be approved for use in
explosion hazardous areas. Powders can also be a problem, since clouds of dust
are easily combustible under certain conditions. For milling, storage,
conveyance and bagging operations, therefore, the Dust-Ex equipment should
be used. The types of explosion protection are standardised in EN 50 014.

It is important to mount instruments hygienically so that they do not create
crevices and dead spaces. Figure 8.44 shows an incorrect and correct mounting
of a temperature probe. The mounting in Fig. 8.44(a) creates a dead area and
potential crevices in the seal, while that in Fig. 8.44(b) is welded into the
pipeline and avoids any dead area.

8.16 Equipment installation

The potential for well-designed and constructed equipment to be operated in a
hygienic manner may be easily vitiated by inadequate attention to its location
and installation (Thorpe and Barker, 1987). Timperley (1997), when considering
the accessibility of equipment, recommended that it is more effective to consider
complete lines instead of individual items of equipment and recommended the
following:

« There should be sufficient height to allow adequate access for inspection,
cleaning and maintenance of the equipment and for the cleaning of floors. A
minimum of 300 mm is recommended.
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« All parts of the equipment should be installed at a sufficient distance from
walls, ceilings and adjacent equipment to allow easy access for inspection,
cleaning and maintenance, especially if lifting is involved. A minimum
distance of 1 m is recommended, though 2 m is often seen as a more practical
minimum.

« Ancillary equipment, control systems and services connected to the process
equipment should be located so as to allow access for maintenance and
cleaning.

» Supporting framework, wall mountings and legs should be kept to a
minimum. They should be constructed from tubular or box-section material
which should be sealed to prevent ingress of water or soil. Rounded pedestals
are also acceptable. In both cases, the base for such supports should be sloped
to facilitate drainage and cleaning. Angle- or channel-section material should
not be used.

» Base plates used to support and fix equipment should have smooth,
continuous and sloping surfaces to aid drainage and cleaning. They should
be coved at the floor junction. Alternatively, ball feet should be fitted.

» Pipework and valves should be supported independently of other equipment
to reduce the chance of strain and damage to equipment, pipework and joints.

* Once installed, a series of maintenance measures should be put in place to
ensure the required level of equipment hygiene is maintained for the
equipment during its specified life.

Figure 8.45 illustrates examples of poor (a) and good (b) hygienic design
using these principles. The risk of condensation on equipment, pipework, and
the fabric of the building should be avoided. If unavoidable, the design should be
such that condensate is diverted away from the product. Supports for piping or
equipment must be fabricated and installed such that no water or soil can remain
on the surface or within the supports. The possible adverse galvanic reactions
between dissimilar materials should be taken into consideration. It is also

(a) (b)
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Fig. 8.45 Hygienic and unhygienic mounting of equipment.
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Fig. 8.46 Hygienic and unhygienic mounting of equipment on walls.

important to avoid steps due to misalignment in equipment and pipe connections
which might harbour water or soil.

With equipment that is fixed to walls, any horizontal surfaces or the ledges of
fasteners can retain soil, and a small clearance hampers cleaning between the
wall and the equipment from the wall. Horizontal supports should be radiused
and properly fixed to the wall, ensuring sufficient clearance. Alternatively,
equipment can be fixed to the wall using sealing materials (Fig. 8.46).
Equipment must not be mounted beneath tanks or vessels so that maintenance
and cleaning are not possible. Accessible equipment can be more easily
maintained and gives open space for handling and cleaning beneath tanks and
sufficient clearance (Fig. 8.47).

Apparatus such as stirrers, homogenisers or mixers should preferably be
arranged in such a way that sealing of shaft passages in the product area is
avoided by mounting them above the product area (Fig. 8.48). In the case of

Clearance

Motor Pump

= == Valve

— I ]
Yttt

Unhygienic design Hygienic design

Fig. 8.47 Hygienic and unhygienic positioning of equipment beneath tanks.
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Fig. 8.48 Hygienic design of shafts.

arranging the motor drive above the product it should preferably be placed
beside the equipment (Curiet al, 1995). The possibility of contamination by
lubricants and soil from the motor or gearbox entering the product area must be
avoided by using drip trays in combination with thrower rings on the shaft (Fig.
8.49). The motor should be covered by a hygienically designed cowl. If shaft
passages are unavoidable, dynamic seals must be used.

Mesh, screens, grids or perforated sheets should be avoided in the product
area. Application for guarding or for processes such as sieving and drying
requires particular attention to ensure cleanability. Special, fully (vacuum)
welded gridirons are available, avoiding any dead areas. A potential risk of
cabling is contamination caused by the collection of dirt and dust as well as
microbial growth. The following hygienic design criteria are required:

Thrower ring Cowl

Protection
sheet with
‘upstand’
(dismountable)

Contamination
(condensate,
lubricants)

Unhygienic design Hygienic design

Fig. 8.49 Hygienic and unhygienic mounting of equipment above product.
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Fig. 8.50 Hygienic and unhygienic design of walkways.

e Cables should be located wherever possible in designated utility/servicing
areas.

« The wiring and cabling should be located in plastic or stainless steel pipes
and prepared so that dust and moisture cannot enter the pipes, thus preventing
the possible risk of creating contamination conditions.

« |If used, cable trays should be of grid design and be accessible and easy to
clean. Only one layer of cables is recommended and there must be space
between the cables. Vertical cable trays are preferred.

Raised walkways or stairs over any exposed product should be avoided because
dirt may be transferred from clothing or footwear onto product lines beneath. If
personnel movement is required in these areas, the equipment should be constructed
to be fully enclosed. Kick-plates should be designed as a one-piece construction. The
decking should be constructed from solid plates containing a raised anti-slip surface.
Risers of staircases must be encased. Steps should be constructed of the same anti-
slip material as the deck. The use of expanded metal or mesh must be avoided to
prevent soil being transferred into the product (Fig. 8.50).

Framework supporting equipment should preferably be constructed from
hollow square- or round-section members. Open ends of such framework must
be closed by welded ends or plastic caps. For the design of framework that will
be exposed to continuous vibrations (e.g. drying towers) the use of open profile
construction should be considered. Small cracks can arise from vibration,
allowing penetration of moisture, soil and microorganisms in closed profiles.
For vertical parts of frames most cross-sections can be used. The horizontal
placing of framework is more problematic. Figure 8.51 shows how various kinds
of open and closed design can attract soil. To avoid soil trapped on the
horizontal surfaces of frames, open and closed cross-sections must be self-
draining and easily cleanable. Horizontally mounted cross-sections and
framework should be designed as shown in Fig. 8.52.



Hygienic equipment design 163

Soil

Fig. 8.51 Unhygienic design of supporting framework for equipment.
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Fig. 8.52 Hygienic design of supporting framework for equipment.

Welded

8.17 Insulation and cladding

It is recommended to avoid use of insulation material wherever possible in order to
prevent the possibility of microbial growth or dust build-up within the material
(Curielet al, 1995). If insulation is needed for process, safety and/or environmental
reasons, air insulation is the first recommended option. Pipework can be insulated
by evacuation of air in the shell of a double-walled pipe. This is a very effective way
of meeting hygienic design criteria. If vacuum insulation is not possible, non-
chloride releasing insulation material should be used (such as appropriate grades of
rockwool). The insulation material should be covered by a stainless steel outer tube,
fully welded to prevent ingress of air, moisture or insects. Such ingress would
promote corrosion between the walls, assisted by possible microbial growth.
Ultimately, this will result in leaks, allowing microorganisms to contaminate the
product. The same problem applies to the insulation of process vessels which should
be insulated in the same way, as shown in Fig. 8.53. Depending on the use of the
tank, it may be necessary to provide a vent hole to prevent unacceptable pressures
between inner and outer wall, e.g. during sterilisation.
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Fig. 8.54 Hygienic and unhygienic design of framework ledges.

Cladding of equipment must be smooth, continuous and without crevices to
ensure that it is easily cleanable. Ledges, projections and pockets must be
avoided because they retain soil. If unavoidable, horizontal ledges and
projections should be sloped (Fig. 8.54). A minimum slope of 30° is required
to avoid accumulation of dust and to facilitate inspection. Cladding must be
installed such that a minimum clearance of 30cm is maintained between
adjacent surfaces.
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Equipment construction materials and
lubricants

M. Lewan, Materials Engineering Research Laboratory Ltd, UK

9.1 Introduction

The European Union Regulations (Directive 89/109/EEC of 21 December 1988,
Article 2) require that ‘food contact articles under normal or foreseeable
conditions of use must not transfer their constituents to foods which they are or
are likely to be in contact with, in quantities which could endanger human health
or bring about a deterioration in the organoleptic characteristics of food, or an
unacceptable change in its nature, substance or quality’. There is currently a
proposal under consideration by the EU to require food contact materials to
carry batch numbers and also to have total traceability. For this section a range
of materials and their suitability in the food industry is briefly discussed. Where
appropriate an applications and corresponding testing scheme is shown in the
form of a flow diagram.

Product contact materials must meet a number of requirements. They must be
inert to the product under operating conditions, including variations in
temperature and pressure, as well as to detergents and disinfectants under
conditions of use. They must be corrosion resistant, non-toxic, mechanically
stable, smooth and cleanable, and such that the surface finish is not adversely
affected under conditions of use. Non-product contact materials must also be
mechanically stable, smoothly finished and easily cleanable.

No toxic construction materials should be used. Stainless steel materials such
as types AISI-304, AISI-316 and AISI-316L are fully acceptable for most
applications. Care must be taken when polymer and elastomer materials are used
as they may contain leachable toxic components. The same applies to the use of
adhesives, lubricants and signal transfer liquids. In all cases the supplier must
present evidence that the material is safe for use in contact with food.
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Product contact surfaces should be smooth enough to be easily cleanable. A
surface finish ofR; = 0.8 um is recommended. To achieve this quality of
surface, polishing or other surface treatment may be required. Cold-rolled
stainless steel sheet material, used for vessels and for piping, usually Ras an
value between 0.2 and Q.fn and thus treatment is not needed. The surfaces
should also be free from imperfections such as pits, folds and crevices.

To retain the desired smoothness of the surface, materials must be resistant to
the product under process conditions and withstand cleaning procedures during the
intended lifetime of the material. Corrosion can be minimised by sticking to the
concentrations, times and temperatures specified for process and cleaning
operations, and by complete removal of residues (or neutralisation if any is left
at non-product contact surfaces of equipment). Many food products contain
chloride and have a pH between 3 and 5, a very corrosive combination. The
corrosion resistance of stainless steel is provided for a large part by a thin but
effective film of chromium oxide on the surface. If the film is damaged,
mechanically or chemically, corrosion of the iron under the film starts. The
lifetime of stainless steel can be extended substantially by ensuring that any
damage to the chromium oxide film is repaired, which is possible by treatment
with oxidising acids, such as nitric acid. This treatment is called ‘passivation’ and
is discussed in Section 9.3.

Manufacturers need to be aware of other potential problems associated with
particular processes. As an example, non-metallic surfaces used in dry materials
handling can create electrostatic charges, which can cause surface adhesion by
small particles of contaminating material. Electrostatic effects during dry materials
handling in pneumatic conveying and other systems can be problematic. Such
systems require particular care in the selection and use of materials.

9.2 Metals

From a practical point of view, the availability of alternative metals in use for
food process equipment is very limited. While in certain parts of the industry
metals other than stainless steel are used, it is the austenitic stainless steels that
are the automatic choice as materials of construction for processing plants and
equipment. Their popularity stems from their general resistance to corrosion by
food products and to the recommended cleaning regimes, as well as from the
ease with which they can be cleaned and sterilised.

In the majority of environments likely to be encountered in a food processing
plant, the commonly used grades of stainless steel are the austenitic 18%Cr/
10%Ni AISI-304 (1.4301) types and the four 17%Cr/12%Ni/2.5%Mo AISI-316
types. When choosing free-cutting stainless steels, it is important to ensure that
the grade does not include lead or selenium. In fact, from the international
suppliers of food processing equipment, type 316 stainless steel is now often the
standard choice. But this is not always the case for specific plant items such as
plate heat exchangers, which are available in a wide range of materials.
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In most applications, the austenitic stainless steels give good service lives
but, like any other material of construction, they have certain weaknesses. The
major problem is their susceptibility to various forms of localised corrosion, to
which they are susceptible for the very same reason that their overall corrosion
resistance is so good. The tenacious, air-formed, oxide film which forms on their
surface provides good corrosion resistance to most environments. However,
where the oxide film is locally damaged, for instance by abrasion or fretting, and
self-repairing action cannot take place, for whatever reason, intense local attack
may ensue, often causing component failure for a relatively slight metal
wastage. The four most common forms of localised corrosion are pitting, crevice
corrosion, deposit attack and stress corrosion cracking, although given the
appropriate conditions, corrosion fatigue is another possible failure mode.
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