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1 Introduction

Food safety and food quality is a vast subject area. To address it fully would
require an analysis of the complete food chain from seed or livestock genotype,
through primary agriculture, primary, secondary and tertiary processing,
formulation, packaging, distribution, retailing, domestic storage and finally
consumption. Out-of-home consumption is steadily rising: already 35% of all
meals in the UK are consumed out of the home. The year 1999 saw this figure in
the USA exceed 50% for the first time. Catering and food service play an
increasingly important part in our experience of food quality and food safety.
This article does not set out to identify all the issues impacting food safety or

food quality. Rather, it attempts to identify those areas that require further
scientific endeavour so that the foods and drinks available to the UK consumer
will be safer and of higher quality in future years.
Food safety is not limited to microbiological safety. As recent history has

demonstrated with BSE and vCJD, anaphylactic shock from eating peanuts,
dioxins entering the human food chain via animal feedstuffs, benzene in mineral
water and glass fragments in baby food, food safety also includes chemical
contamination and foreign bodies. Prions, the cause of BSE and vCJD, are an
entirely new source of food-borne disease. Food-borne viruses are becoming
recognized as significant to public health. As the examples of benzene and dioxins
demonstrate, food safety is not necessarily about real risk to public health, but
also about perceived risk.
For this article, food quality will be limited to a discussion of the organoleptic

quality enjoyed by the consumer. However, this is a complex area which is
dependent on the quality of the rawmaterials, and on subsequent processing and
storage. Organoleptic quality has both whole food components (does the loaf
look good) andmolecular components (is the starch in the right crystalline state).
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In many ways the story of the food industry is one of great progress and
success. The industry offers the consumer an ever-widening choice of products
with increased convenience and great value for money. The percentage UK
household income spent on food has fallen consistently as the quality of the foods
has increased. However, the industry is partly a victim of its own success: the
consumer has come to expect and demand quality and value to improve
constantly and at the same time is increasingly intolerant of failures in either
safety or quality. The industrymust continue to harness good science to continue
the journey towards zero defect products that are still great value and great quality.
This article reflects the views of the Food and Drink Federation Food

Research Policy Group. The Group, consisting of the senior technical staff from
most of the UK’s largest food manufacturers, seeks to establish consensus within
the food manufacturing industry on food research priorities and to inform the
direction of publicly funded research to address the issues identified. Papers on
research priorities in Food Safety, Food & Drink quality, Diet & Nutrition and
Sustainability are available from the FRPGSecretariat, FDF,FederationHouse,
6 Catherine Street, London, WC2B 5JJ.

2 Food Safety

Microbiological Safety of Foods

Incidence of Food Poisoning. PHLS statistics indicate that the rate of reported
food poisoning incidents has declined slightly since 1997.� Campylobacter spp.
are by far the most commonly reported gastrointestinal pathogens, with almost
55 000 cases reported in 1999, down from 58 000 in 1998. The incidence of
salmonellosis has been steady at around 30 000 from 1989 to 1997, since when its
incidence has almost halved. Since 1979, reported incidents of rotavirus have
risen from zero to just under 15 000 in 1999 and the incidents of the protozoan
cryptosporidium has climbed from zero in 1983 to around 4800 in 1999.
However, it is by no means certain that all the reported illnesses that are

attributed to pathogens which can be food borne were actually derived from
foodstuffs and not from other failures of hygiene. For example, E. coli 0157 is a
food-borne pathogen but children have also been infected during visits to farms
and both domestic and farm animals are recognized as a source of infection.��� In
addition, it is certain that not all food-borne infections are reported, so the real
prevalence of food-borne disease in the UK is unclear.
The Infectious Intestinal Diseases survey��� studied 70 GP practices that

served 460 000 people and surveyed almost 10 000 patients. Data collection
started in 1993 and concluded in 1996. The study showed that intestinal infection

� Anon., CDR Weekly, 2000, 10 (2), 1.
� M. Day, New Sci., 1997, 154 (2086), 12.
� J. S. Wallace, in Escherichia coli 0157 in Farm Animals, ed. C. S. Stewart and H. J. Flint, CABI,
Wallingford, 1999, pp. 195—223.

� J.G. Wheeler, D. Sethi, J.M. Cowden, P.G. Wall, L.C. Rodrigues, D. S. Tompkins, M. J. Hudson
and P. J. Roderick Br. Med. J., 1999, 318, 1046.

� D.S. Tompkins,M. J. Hudson,H.R. Smith, R.P. Eglin, J. G.Wheeler,M.M. Brett, R. J. Owen, J. S.
Brazier, P. Cumberland, V. King and P.E. Cook, Communicable Dis. Public Health, 1999, 2, 108.
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in the population ismuchhigher than hadbeenpreviously thought. Extrapolating
from the results, during the period of the survey, each year, one in five persons
would have suffered a gastrointestinal infection (9.4 million cases) but only one in
six presented to a GP; there would have been 90 000 cases of salmonellosis (1.4
times the rate of incidence recorded by the GPs) and 350 000 cases of
campylobacteriosis (2.1 times the rate of incidence recorded by the GPs); there
were more cases caused by rotavirus A than by Salmonella spp.; only 1 in every
136 cases of infection were reported to the Communicable Disease Surveillance
Centre; viruses were shown to be the most common cause of infection,
particularly amongst children. However, the proportion of these infections for
which food was the vector was not established.
These are important considerations. Intestinal infection is usually interpreted

as food poisoning. The food industry will improve its performance and further
reduce the possibility of pathogenic bacteria being carried in foodstuffs.However,
with such under-reporting of intestinal infection, there is scope for the reported
levels of intestinal disease to increase even when the actual incidence of food
poisoning is falling. Although food may often be the vector, it is unknown what
contributionother failures of hygiene contribute to the reported figures. A similar
exercise to the IntestinalDiseases Survey that was extended to identify the source
of infection would be enormously helpful to the manufacturing, catering and
retailing industries, to statutory and regulatory bodies and to health professionals,
to understand where efforts need to be focused to reduce the overall rate of
food-borne infection.
However, the food industry continues to take food poisoning seriously and

accepts that the bacteria most commonly associated with stomach upset,
Salmonella spp. and Campylobacter spp., may well be food borne in the majority
of cases.

Microbiological Risk Analysis. Hazard Analysis and Critical Control Points
(HACCP) is now well established in the food manufacturing industry and is
beginning to be applied to primary production.However, it is only one part of the
risk analysis process defined as risk assessment, risk management and risk
communication.�HACCP is a risk management tool, not a risk assessment tool.
With the complexity of the food chain, and the need to provide the consumerwith
value, amicrobiological risk assessment tool is required to ensure that the control
procedures are commensuratewith the risk identified. These points of risk will be
different for different pathogens andmay be different depending on the section of
the population for which the final foodstuff is intended (children, elderly,
hospitalized).HACCPhas beenwidely implemented in the food industry because
it is a simple tool to understand and use and it can be applied to any production
process. The result of applyingHACCP is a simple but powerful riskmanagement
model. However, the selection of the critical control points and the setting of
control parameters are largely based upon judgement that does not assess
relative risk. The development of a simple microbiological risk assessment tool is
now needed to prioritize risk elimination or containment throughout the food

� J. L. Jouve,M.F. Stringer andA.C.Baird-Parker,FoodSafetyManagementTools, ILSI, Brussels, 1998.
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chain and for use in conjunctionwithHACCPto ensure that appropriate levels of
control are implemented.
Risk assessment is important for maintaining an industry that offers both safe

and value-for-money foods. The precautionary principle is rightly invoked in the
interest of protecting the consumer. It is applied in a situation where there is any
doubt in consideration of consumer health: actions must favour protection of the
consumer rather than doing nothing, taking a risk and hoping for the best.
However, the precautionary principle, if overused, can have damaging effects.
Product recalls and retrievals are expensive activities and we effectively pay for
the cost of such events when we buy our foods. A too rapid invocation of the
precautionary principle may result in unnecessary recalls and unnecessary costs
that the consumer ultimately has to pay. Unnecessary recalls may result in a
business folding, resulting in a reduction in consumer choice. Fear of recalls may
be an unnecessary barrier to entry for new and innovative businesses. Overuse of
the precautionary principle may also make it difficult for the retailer and
statutory authorities to gain the attention of the consumer when there is a real
and substantial threat to consumer health: it may be difficult to hear the shouts of
warning over the clamour for attention to minor failures in product safety.
The precautionary principle is the correct approach to uncertain situations but

needs to be informed by a robust assessment of risk. A protocol that has the
support of manufacturers, retailers and statutory authorities is required.

Primary Agriculture. Even without a microbiological risk assessment tool, we
know that quality assurance protocols encourage elimination of problems at
source rather than dealing with the problem later in the supply chain. So for
control of food-borne pathogens, the trail starts on the farm. Salmonella spp. and
Campylobacter spp. are both most strongly associated with raw poultry. The
poultry industry has made huge strides in the past decade to understand the
source of Salmonella spp. which has involved a detailed understanding of the
operation of feed mills, contamination routes through layeries and hatcheries,
and cross-contamination in poultry houses. The infection rate of poultry in good
quality operations can be expected to be 3% or less. However, once into the
slaughterhouses and chicken processing operation, cross-contamination typically
results in a 10-fold increase in the percentage of dressed carcasses that are
Salmonellapositive. This is a direct result of the scale and, therefore,mechanization
of the process.With theUK consuming 15million birds per week,mechanization
and automation are unavoidable and, therefore, the probability of cross-
contamination remains high.
Some processors claim to have eliminated Salmonella spp. from their flocks

and abattoirs and are able to sell Salmonella-free chicken.�The lessons from such
processors should be learnt and applied as widely as possible. In the short term,
Salmonella-free chicken can be expected to be a premiumproduct. In themedium
term, we should expect that Salmonella-free chicken should become the standard
for retail and manufacturing meats.
Althoughmethods are being developed to reduce carcass contamination, such

� H. Armstrong, Meat Int., 1997, 7 (2), 16.
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as whole carcass steam pasteurization,	 the pressuremust remain on the primary
producers to completely eliminate Salmonella spp. from the flock. That this is
possible is demonstrated by some Danish producers who claim to have
Salmonella-free flocks.
 However, the simultaneous pressure to reduce or
eliminate the use of antibiotics in poultry production�� will make this objective
even harder to achieve.
The success in reducing Salmonella spp. in the poultry production chain has

been in part due to the ability to accurately identify the serotype. This has enabled
producers to trace the source of the Salmonella spp. back through the supply
chain and eliminate it at source.No such opportunity is offered byCampylobacter
spp., very fastidious microaerophiles that can be very difficult to culture. Typing
the sub-species it also very difficult. Additionally,Campylobacter spp. have been
shown to exist in a viable but non-culturable form so that failure to detect the
organism cannot be taken as proof of its absence.�� With Campylobacter spp.
now themost commonly reported cause of foodpoisoning, new tools are required
to identify and trackCampylobacter spp. through the supply chain so that control
and elimination protocols can be appropriately targeted.
In parallel, techniques for the elimination of this pathogen once in the poultry

flock, that do not depend upon antibiotic treatment, are also required.
The incidence ofCampylobacter spp. is also not understood. It is known that in

two chicken sheds which appear to have been treated in an identical fashion and
stocked with birds from the same hatcheries, one can be Campylobacter-free, the
other heavily infected.Methods to trace the bacteria back through the chainmay
help to identify the reasons for these observed differences.
E. coli O157, the cause of haemorrhagic ureamic syndrome, and most

notoriously linkedwith the outbreak traced to a butcher’s shop inLanarkshire,��
is probably a recent mutation of this ubiquitous organism. Its source is almost
certainly cattle, both beef and dairy, as exemplified by the Lanarkshire butcher
and more recently by a small dairy in Whitehead, Cumbria.�� It has to be
accepted that where there are livestock there also faeces. Dairy farmers have
significantly increased their understanding of udder hygiene prior tomilking that
has contributed to the decline in total viable count in raw milk in the past 15
years. Clearly, however, some risk of contamination of the milk still exists,
although this should be controlled by proper pasteurization. In the case of the
Whitehead milk producer processor, the infection was caused both by
contamination of the raw milk and the improper control of the pasteurizer.
In the slaughterhouse, the animal can be cleaned before slaughter but the dead

animal carries a reservoir of infection in its intestinal tract into the first stages of
the butchery. It is almost inevitable that the gut contents will occasionally come
into contact with the muscle or the slaughterhouse equipment, making

	 A.L. Nutsch, R.K. Phebus, M. J. Reimann, D.E. Schafer, R. C. Wilson, J.D. Leising and C. L.
Kastner, Int. Food Hyg., 1996, 7 (6), 21.


 AdvisoryCommittee on theMicrobiological Safety of Food,Report onMicrobiological Antibiotic
Resistance in Relation to Food Safety, HMSO, Norwich, 1999.

�� Advisory Committee on the Microbiological Safety of Food, Interim Report on Campylobacter,
HMSO, London, 1993.

�� T.H.Pennington, inFarmsandE. coli 0157 inLivestock, StationeryOffice, Edinburgh, 1997, p. 15—17.
�� Anon., CDR Weekly, 1999, 9 (12), 108.
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contamination of the carcass almost unavoidable. The greatest risk posed by
infected meat is probably not in the major food processing operations, but in the
potential for cross-contamination of cooked products in domestic and catering
kitchens.
Although, as for poultry,whole-carcass steampasteurization is being developed,

the focus of effort should be at the source of contamination: the farm. The
objective must be the elimination of E. coli O157 as a farm contaminant.
The objective of control of pathogens on farms raises the issue of the risk

presented by conventional farming practice in the handling of animal faeces.
When on pasture, cattle manure the land. If E. coli O157 persists in the
environment, and the evidence suggest that it does,� then does this represent a
source of infection for other cattle and for how long is there a risk of infection?
When cattle are kept under cover, farmers have to remove large quantities of
urine, faeces and contaminated bedding material. The solids are typically
separated off in a lagoon and the slurry applied to the land and crops. There is
evidence of E. coli O157 being found in salads grown on land that has been
sprayed with animal waste slurry.����� With a food-borne pathogen now in our
beef and dairy herds, the practice of disposal of untreated animal wastes onto
landmust be called into question.E. coliO157must either be eliminated fromour
herds, or the use of untreated animal waste must be controlled and regulated.
The use of farm animal waste goes beyondE. coliO157, as little is knownabout

the persistence of pathogens, including viruses and parasites, in suchwaste and in
the environment after spreading. Understanding the fate of animal-borne
pathogens in the environmentneeds tobebetter understoodbefore amicrobiological
risk assessment tool can be applied to direct the application of appropriate risk
control measures.
The risk presented by the use of both treated and untreated human sewage

sludge for agriculture were recognized in the development of the ‘Guidelines for
theApplication of Sewage Sludge to Agricultural Land’.��This banned the use of
untreated sewage sludge for almost all agricultural uses and banned the use of
treated sewage sludge on all human food crops. Only sewage treated by methods
which eliminate all pathogens can be widely used. If such measures are
appropriate for human sewage sludge, but animals carry human pathogens and
far more animal sludge is spread to land than human sludge, it would seem
appropriate that similar measures are considered for animal wastes.

Viruses. Recent years have seen a new source of food poisoning to be
recognized: food-borne viruses. The Infectious Intestinal Diseases Survey�
showed that viral infection is a common cause of intestinal disease, with the
incidence of rotavirus A and small round structured viruses exceeding the rate of
incidence of Salmonella spp. both in the community and as reported to general
practitioners. The significance of food as the vector for viruses is unknown,
although there is clear evidence that viruses can be food borne. Viruses pose three

�� E. Gutierrez, Lancet, 1997, 349, 1156.
�� C. Bell and A.Kyriakides, inE. coli: a Practical Approach to the Organism and its Control in Foods,

Blackie, London, 1998, pp. 129—141.
�� Anon.,Guidelines for the Application of Sewage Sludge toAgriculturalLand, ADAS,Guildford, 1999.
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problems to the food industry: effective control of viral contamination,measurement
of levels of viral contamination (much more difficult than measuring bacteria)
andmanaging staff infectedwith some types of food-borne virus. The last point is
an issue because of the rapid onset of the infection and the potential for amember
of staff to be afflicted with projectile vomiting whilst engaged in a food handling
environment.

Protozoan Parasites. Cryptosporidium and Giardia are water-borne protozoa
capable of causing food poisoning. Although their incidence is rare, they could
enter a factory in the mains water supply. There is now a legal limit of 1
cryptosporidium oocyst per 10 litres and water companies must monitor their
water to ensure that this standard is met. In the event of a protozoan
contamination being detected, water companies typically issue a boiled water
notice (BWN). Boiling water prior to consumption may be an acceptable, albeit
inconvenient, method of preventing a protozoan infection in a domestic
environment, but factories are not equipped to boil or further treat their fresh
water supplies. Installing microfiltration in every factory would be a very
expensive solution to managing the risk. The answer must be to eliminate them
from the water supply. Although some of the risk factors that lead to
contamination are understood, there is still a major gap in our understanding of
how such a contamination occurs, the pattern of protozoan contamination
during an incident, the best corrective measures, how to monitor background
contamination levels and what level of contamination should trigger a response
so that corrective action is taken long before a BWN is considered.
Another protozoanpathogenhas been recently identified.Cyclospora infection��

is associatedwith eating contaminated fruit and vegetables.The best documented
outbreak�� was attributed to fresh raspberries from Guatemala that had been
sprayed with a contaminated pesticide solution; hundreds of victims were
involved. The route of infection was never confirmed.
There is a general need to better understand the significance of protozoan

infection and the role of food and to devise appropriate control mechanisms to
prevent infection if their presence is detected.

Minimally Processed Foods. When considering minimally processed foods,
food quality impacts food safety. In the industry’s effort to replicate the best
standards of home-prepared and restaurant-prepared meals, we have attempted
to minimize the heat processing that foodstuffs experience before being
purchased by the consumer. For some foods (prepared salads, sandwiches), no
heat processing has been applied to the key ingredients or to the finished product.
For other products (chilled ready meals), ingredients and components are given
the minimum heat treatment consistent with safety and shelf life and the
assembled finished product receives no further heat treatment. The key tool for
ensuring safety of such products isHACCP,which, as previously stated, would be
strengthened by a microbiological risk assessment.

�� S.C. Clarke and M. McIntyre, Rev. Med. Microbiol., 1996, 7, 143.
�� R. McClelland, Can. J. Med. Lab. Sci., 1997, 59, 23.
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Microbiological Testing. Although microbiological testing is routinely applied
to such products, we know that the level of testing has no statistical validity
(althoughover an extendedperiod of time it can generate confidence in a process).
What is the significance of a total viable count from 0.1 g sample of complex
foodstuff, even when conducted in triplicate? It says nothing about the rest of the
sample from which it was taken, let alone about the rest of the products made on
that shift of which it is supposed to be representative. The temptation is to test
more, but a statistically valid testing regime would make prepared foods
unaffordable. The need is for risk-based sampling schemes that recognize the
limitation of sampling and target where and when to sample. Indeed, the answer
may be to re-direct resources away from microbiological screening of finished
products and towards other control measures.
Current testing regimes are crude and do not recognize the condition of the

bacteria in a foodstuff. Contaminatingbacteria are transferred froma foodstuff to
a liquid or semi-liquid environment, designed to provide nutrients for optimal
growth and then incubated at optimal growth temperatures. The reality is that
the bacteria may be sub-lethally damaged, in an environment that provides poor
nutrition which is maintained at a sub-optimal growth temperature. In solid
foods, the bacteria may find themselves immobilized in the food structure in
which migration of nutrients to the bacteria and migration of growth limiting
metabolites away from the bacteria are severely limited. In such cases, growth
models derived from planktonic environments may seriously overestimate the
real multiplication of bacteria.
The research need is clear: what are the growthmodels thatmost closely reflect

the actual proliferation of bacteria in foodstuffs. Should we continue to use the
‘worst case’ model of planktonic (i.e. in broth or on a plate) growth? Does a more
accuratemodel enable the industry to offerminimally processed foods or a longer
shelf life at no additional risk to the consumer?
The additional complexity is this area is the difference between the presence of

pathogenic bacteria and their infectivity and how this is modified by growth in
sub-optimal conditions in or on a foodstuff.Which are themost susceptible social
groups upon which maximum levels of contamination should be based? Is
infectivity or virulence affected by growth conditions? Are pathogenic bacteria
more or less virulent as a consequence of growth in a foodmediumcompared to a
microbiological culture?

Chemical Safety

Chemical safety of our foods is amore complex area thanmicrobiological safety.

Perception of Risk. For most people, infection by pathogenic bacteria usually
results in a unpleasant but short-lived experience within a day or so of ingestion
of the contaminated food. No permanent damage is normally done. The food
responsible can often be identified.Most of us have experienced it at some time or
other and, even if we felt we were about to die, we survived it. Bacterial food
poisoning for the majority of the population holds no particular fear. However,
for parents of young children, for the elderly and infirm and for the
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immunocompromised, there is more reason to be careful to avoid food-borne
infections.
In contrast, the effects of chemical contamination are less evident. Although

somemay trigger a swift reaction, the concern is normally that a one-off exposure
will cause a disease condition long after the exposure (e.g. carcinogens) or that
chronic exposure will produce a slow irreversible degeneration (e.g. lead,
mercury). Such disease conditions are more readily seen as permanently
impairing or fatal. Also, we are continually improving our understanding of the
potential of environmental contaminants to impair health. Organophosphates
have become increasingly restricted as their toxicity has been recognized.
3-Monochloropropanediol (3-MCPD), a carcinogen has been found to be a
breakdown product in some food processes, and potentially present in a wide
range of foodstuffs. Pesticide and herbicide residues are becoming ubiquitous in
both the developed and developing agricultural economies and, with improving
sensitivityof analytical techniques, can be found inmany products, albeit at levels
below 1ppb.
The research in this area, therefore, not only needs to address the absolute risk

of chemical contaminants in the food chain, but it must also satisfy the risk as
perceived by the consumer and provide for the uncertainties caused by chronic
exposure to very low levels.

Veterinary Residues & GMOs. Recent developments have brought two new
contaminants to the public and regulators’ attention: veterinary residues and
genetically modified organisms. The reaction has been both from a food safety
and an ethical standpoint, but we will address only the food safety component.
The veterinary residues that give rise to concern are either hormones or

antibiotics. Research and environmental surveillance has demonstrated the
persistence of oestrogens in our rivers�	 and pointed to the effect of oestrogens
and oestrogen mimics affecting the sexual development of fish.�
 By extension,
there is concern that hormone-treated dairy herds and beef cattle could have a
damaging effect on the human population.We do not know if this is a real risk, or
how great this risk is or whether different consumers are more liable to have an
adverse reaction.
Antibiotics have been widely used in livestock production to treat disease

conditions, prophylactically to prevent spread of a disease condition in a flock or
herd, or to suppress pathogenic bacteria so as to improve weight gain in the
animals. The Advisory Committee on the Microbiological Safety of Foods
recently recommended a significant reduction in the use of antibiotics on the
farm
 because of two possibilities: the development of antibiotic-resistant
pathogenic bacteria in the livestock, which could result in a hard-to-treat
infection of the consumer, and the ingestion of antibiotics causing the selection of
antibiotic-resistant bacteria in the gut. There appears to be a conflict between the
desire to suppress pathogenic bacteria in the herd or flock and the long-term
effects of this strategy on the development of antibiotic-resistant bacteria. The
research needs in this area are the development of pathogen control strategies

�	 Environment Agency Research & Dissemination Centre, ENDS Report, 1999, p. 15.
�
 Anon., ENDS Report, 1995, p. 4.
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that are not antibiotic dependent, better methods of detecting and isolating
diseased animals before the herd or flock is infected, and a better understanding
of how ingested antibiotics affect our own gut flora.
Although there is no evidence that geneticallymodified tomatoes, soy beans or

maize pose any public health risk, nevertheless, there remain concerns about their
long-term effects. As a new technology, these are uncharted waters for both the
suppliers of these crops, for the industry and for the consumer. Although much
research has already been conducted on the potential impact on health
(allergenicity of new proteins, consequences of using antibiotic marker genes,
potential for transfer of transgenic DNA into other cells), continuing studies are
required as new GMOs are brought towards commercial production and on the
long-term health outcomes of growth and ingestion of GMOs. The research
programme of the BBSRC’s Institute of Food Research�� into stable and more
predictable ways of modifying a genome is very relevant for the long-term
exploitation of this technology.

Other Contaminants. There is potential for food to be contaminated at any
point along its sometimes lengthy and tortuous supply chain. Therefore,
environmental contaminants can become food contaminants and chemicals used
for packaging can find their way into foods. As the consumer becomes more
aware of the potential for contamination and more insistent on elimination of
risk, the industry has to be more alert to potential sources. In parallel, our
analytical techniques are becoming more sensitive and we are finding chemical
traces in our foods that had not previously been identified. 3-MCPD is an
example: as an artefact of heating protein in the presence of lipids, it must have
been in our foods for many years. More recently, it has been identified as a
carcinogen and analytical methodologies have been developed to enable its
measurement in foods at the ppb level.
The contamination of Belgian animal feedwith dioxins, in the first half of 1999,

was inexcusable and a glaring example of malpractice. Nevertheless, the levels of
dioxins entering the food chain, although detectable, were too low to be a risk to
public health. The precautionary principle was invoked which required
contaminated feed and livestock to be segregated because of the potential for
unacceptably high levels of dioxins entering the human food chain.
Phyto-oestrogens are a newly recognized potential threat to food safety.��

Although they may be an intrinsic component of food ingredients, and not a
contaminant, they may have a deleterious affect on health if consumed in
sufficient quantity over a sufficient period of time. However, we do not yet know
enough of their true impact on human health either in the short term or following
chronic ingestion.
Mycotoxins and ochratoxins are metabolites from certain fungi. The threat of

mycotoxin contamination from, for example, mouldy peanuts, was recognized
two decades ago. The industry took the sensible precaution of implementing
quality systems that reduce the possibility of mould growth and reject materials

�� Anon., The Safety and Impact of Genetically Modified Organisms in BBSRC Business, BBSRC,
Swindon, October 1998, pp. 3—5.

�� S. Fritsche, Lipid Technol., 1999, 11 (4), 82.
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that have been, ormight have been, contaminated.However, it is impossible to be
sure that not one single nut in a consignment of many tonnes has supported
fungal growth.Analytical techniques are sufficiently sensitive to detectmycotoxins
when not even a detailed visual inspection would have identified contamination.
In such cases, the presence of mycotoxins at low levels should not be taken as an
indication of a potential risk to food safety but as a prompt to ensure that quality
systems are working as designed.
In each of these cases, the industry requires an objective measure of real risk

and decision-making criteria which have wide acceptance that allow for an
appropriate response to an unforeseen event.

Foreign Bodies

As for chemical contaminants, physical contaminantsmay pose both a safety risk
and a risk of perceived degradationof quality. A foreign body rarely impacts food
safety. A piece of glass may cause a cutmouth or tongue but is unlikely then to be
ingested. Foreign bodies will affect only a small number of consumers, in contrast
to the potential for microbiological and chemical contamination which could
affect whole populations. However, when glass is found in baby food or a
hypodermic needle in a soft drinks can, the issue becomes centred on food safety.
If the contaminant is peanut residue in a product that is otherwise nut free, the
potential for mortality is present.
Themore typical response to a foreign body contamination is one of revulsion

(an insect in a prepared salad) or dissatisfaction (a piece ofwood in a fruit pie). The
economic justification for addressing these as serious issues arises from the need
to protect a brand name, whether that is the brand of the manufacturer or the
retailer. Rather than the brand being damaged by a spate of consumer
complaints, the reaction is usually to withdraw the product that might be
affected. If the foreign body and its source can be identified and traced to a source
in the supply chain, the depth and breadth of a withdrawal can be limited.Where
such certainty is lacking, withdrawals may be more widespread and the
manufacturer may be required to implement expensive surveillance routines to
prevent re-occurrence.
The challenge for the industry is to find more sensitive methods of checking

ingredients, semi-finished goods and finished product for contamination. Can
metal detectors reliably find ever smaller pieces of metal, even when the
contaminant is non-ferrous and the product is in an aluminium tray? Can
non-metallic contaminants such as chicken bones, or splinters of wood just a
millimetre in length, be detected in a complex food product by X-ray or �-ray
instruments? Can the instruments operate fast enough to match a beverage
canning line operating at 2000 cans/minute?
Methyl bromide is a very effective fumigant for elimination of insects from

manufacturing environments. The population of such insects as flour moth and
cocoa moth are normally controlled by the periodic fumigation of a factory. The
gas rapidly disperses to levels that are not toxic to humans, leaves no harmful
residues and does not taint foodstuffs. Unfortunately, it is strongly ozone
depleting and it will soon be illegal to use it for fumigation purposes. An
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alternative fumigant that has all the useful properties of methyl bromide but does
not deplete ozone has not been identified. It is urgently needed. The potential for
a significant increase in consumer complaints due to insect parts in foods exists.

Risk communication

The key requirement for managing incidents of food contamination is a risk
analysis tool that has the support of the whole food chain, including consumers
and regulatory authorities. There must always be a bias in favour of consumer
protection, but draconianmeasures in response to a vanishingly small risk will, in
the long term, be damaging to the industry and the consumer.One of the essential
outputs of any risk analysis must be risk communication in a language that
consumers and the media can understand, interpret and act upon. The language
must quantify the risk in an unambiguous way so that consumers may exercise
informed choice. This is a much needed area of research: the vision of a simple,
universally understood, universally applied, symbol-based risk communication
scale from ‘no known risk’ to ‘do not consume’ is very appealing.

3 Food Quality

Quality and Manufacturing

The quality of a consumer product has two very different components. The
manufacturermay believe that he is increasing the quality of a product by adding
more meat to a meat pie or using fresh not frozen vegetables in formulating a
quiche. However, is the consumer able to discriminate between the standard and
‘quality improved’ product, and are they motivated by the proposition of such a
quality improvement? This is the essence of the challenge when conducting
sensory analysis: what are the sensory characteristics which translate into a
perception of quality by the consumer thatmay increase propensity to purchase?
Although some work has been done in this area,����� it is still poorly understood.
Ideally what is needed is a framework for product developers that does not need
to be continually verified by expensive consumer research.
Further back along the food chain, manufacturers want to understand how to

select raw materials that will impart the desired quality characteristics to the
finished product. Although some raw material characteristics can be linked
(sugar content of potatoes for frying,moisture content of wheat for milling), there
is a general lack of understanding of how subtle differences in raw materials can
profoundly affect product quality.
Despite decades of research, there is still much to be learnt about the impact of

subtle changes in cereal chemistry upon brewing and distilling processes.�� That
such subtle changes have an effect is certain but the molecular basis for this is far
from clear. Understanding what is going on at a molecular level would allow

�� D.A. Booth, J. Market Res. Soc., 1998, 30, 127.
�� D.A. Booth, Br. Food J., 1992, 93, (9), 17.
�� M. Moll and J. J. De Blauwe, in Beers and Coolers: Definition, Manufacture, Composition, ed. M.

Moll and J. J. De Blauwe, Intercept, Andover, 1994, pp. 21—56
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either for a more informed selection of rawmaterials or for an intervention in the
process that was dependent on the raw material feed quality.
Other examples include understandingwhat it is that causesmilk functionality

to change during the spring flush.����� Despite little change in the gross
composition, the functionality can change dramatically. Why? What should we
measure in order to adjust our processes?
In the produce arena, we want to be able to ask what biochemical or

physiological markers should we look for when selecting a cauliflower that will
retain physical structure when cooked and not fall apart?
The need in these areas is for tools and techniques that allow the food industry

to move away from empiricism in selection of raw materials and towards
knowledge-based decision making.
When we want tender steak, is there a better way of selecting it other than

specifyingwhich cut ormeasuringa textural characteristic? Is there a biochemical
marker that translates into tenderness? Canwe havemeat that is both tender and
flavoursome? Why does farmed salmon taste different to wild salmon and what
dowe have to do to get thewild flavour into farmed salmon? If chickenmeat from
a 12-month-old hen is more flavoursome than from a 42-day-old chicken, what
are the biochemical markers upon which we could select for breeding?

Loss of quality

Just as important as selecting for food quality is the prevention of the loss of
quality. The most pervasive problems are probably control of staling, and
prevention of moisture migration.
Staling as a process is well understood and much progress has been made in

understanding�� how to delay the staling process in wheat flours. However,
cooked rice stales and becomes hard within 24 hours of cooking; arresting the
staling process would allow cooked rice of good quality and practicable shelf life
to be offered. Much remains to be understood to control staling so that it can
either be stopped when it has reached a desired level or completely inhibited.
Moisture migration limits the shelf life of many products�	 where a high

moisture region is in contact with a low moisture region. The manufacturer is
unable to give the consumer the experience of a fresh baked product. This is
exemplified in pork pies. The pastry is designed to be hard and brittle to contrast
with the moist and malleable meat content. Around the meat, a high moisture
jelly is injected after baking. Within a few days, moisture migrates from the jelly
into the pastry and the case becomes soft, losing both flavour and textural
contrast with the filling.

�� A.M. O’Keefe, Irish J. Food Sci. Technol., 1984, 8 (1), 27.
�� A.W.Nichol, T. J.Harden,C.R.Dass, L.Angel and J.P. Louis,Aust.J.DairyTechnol., 1995,50 (2), 41.
�� D.R. Linebackl, Cereals International: Proceedings of an International Conference, Brisbane,

September 1991, RACI, Parkville, 1991, pp. 64—69.
�	 P. Chinachoti, in Food Storage Stability, ed. I. A. Taub and R. P. Singh, CRC Press, Boca Raton,

1998, pp. 245—67.
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Tailoring Raw Materials for the Market

Both conventional breeding and more particularly the promise of direct genetic
modification of genotype offer the potential for changing the marketing dynamic
of fresh produce, milk and meat.
Fruit and vegetables marketed to the consumer are still predominantly

producer led: what is offered is what can be grown. Quality criteria reflect, not
what is desired, but the limits within which a product is acceptable or tolerated.
By using advanced breeding techniques, the food industry would want the
potential to match a fruit or vegetable to the consumers’ preference and the
consumers’ mode of using the product. This would be true of fresh produce for
manufacture, too. The dream is to be able to specify the ideal quality criteria of a
fruit or vegetable and know that a grower is able to match the characteristics
accurately and consistently. The desirable characteristics would include flavour,
sweetness, texture, nutrient content and durability in storage. No doubt the
growers would want to specify such characteristics as yield, drought tolerance,
insect resistance and ease of harvest.
Similar scenarios can be imagined for milk and meat. As the market demand

for butter fat, casein and whey protein moves, one or other component is in
surplus, another in dearth. Although some changes in gross composition have
been achieved through conventional breeding and feed regimes, could milk
compositionbemore closely tailored tomarket demandbyabetter understanding
of feed conversion or by altering the genotype? Would this open up new
opportunities for tailoring not just the quantity of caseins or whey proteins but
also their functionality?
In the livestock market, the demands for the different cuts of meat must be

managed. Chickens yield a fairly steady ratio of leg to wing to breast meat.
However, the market does not necessarily reflect this balance. Beef muscle is
selected from different parts of the animal according to the desire for leanness,
tenderness and flavour, but the market for hind and fore quarter does not
necessarily reflect the fact that for every forequarter there is exactly one
hindquarter. The aspiration is not for a chicken with three legs and two wings, or
a pig with only hind legs. So, can we breed chickens so that the eating quality of
the leg is matched by that of the breast meat? Can we breed steers so that the
fat/lean ratio of a beef forequarter matches the market demand rather than the
market having to accept what is available?

Processing

Being able to specify the perfect rawmaterial for processing pre-supposes that we
knowwhat happens during processing in sufficient detail such that we can specify
the key rawmaterial characteristics.Althoughmuchworkhas been conductedon
various model systems to elucidate the fundamental changes that occur during a
process, foodstuffs are often complex in composition, multiphase and non-
Newtonian, which makes for very complex modelling. Nevertheless, there is a
need for mathematical models that can inform the process engineer and food
technologist about mass transfer and heat transfer, from which much can be
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inferred about the driving forces for changes at the molecular level.
Colour and flavour are the dominant quality characteristics that we seek to

impart in heat processing. These characteristics are typically the result of the
formation of a range of compounds from such recognized pathways as the
Maillard reaction. The Maillard reaction has been the subject of extensive
research and much is understood�
 about the chemical pathways and the
reaction kinetics. Again, however, much of this has been conducted in model or
simple systems. The challenge is to understand such pathways in complex food
systems in such a way that progress down the pathway can be manipulated to
achieve the desired finished product quality.��
Control of many processes tends to be empirical: trial and error will establish

the process parameters required to deliver a particular sensory characteristic.
With variable raw materials, however, processes may need to be tweaked to
achieve a consistent finished product. Control systems are based around
measurement and control of physical variables:moisture level, oven temperature,
rheological properties. The consumer, however, experiencesorganoleptic quality.
The challenge for the manufacturer is thus two-fold: can we link organoleptic
quality to physical parameters such that varying these parameters has a
predictable impact on organoleptic quality? Or can we measure organoleptic
quality directly with on-line instrumentation, ideally with feedback control loops
to maintain the organoleptic quality within specified limits? This is a major
challenge to the sensory analysts to link organoleptic evaluation with physical
processes so that the process engineer can design the control systems. For on-line
instrumentation, the sensory analyst needs first to correlate an organoleptic
quality to a physical (colour, rheology) or chemical parameter (level of a
particular volatile compound). The instrument engineer then needs to design a
means of measuring this in real time on-line. Finally, the influence of process
parameters needs to be correlated with the organoleptic parameter so that a
control loop can be designed.

The Meaning of Fresh

Theword ‘fresh’ in themarketingof foodstuffs has become something of amantra
in the past decade. However, what the manufacturer and retailer mean by fresh
andwhat the consumer understandsare sometimes very different.Weunderstand
that fresh bread has been bakedwithin the last 48 hours and freshmilk came from
the cow within a similar period of time. So can fruit juice (the raw material could
be weeks old), just because it has been pasteurized and requires chill chain
distribution (rather than high temperature pasteurizedand aseptically packed) be
justifiably called ‘fresh’? Also, ‘fresh’ fruit juice could have a 30-day best-before
life: is it still ‘fresh’ after 30 days? ‘Fresh’ fruit and vegetables could be several days
old at the point of sale.
‘Fresh’ has three connotations to the consumer: the first is about how recently

it was derived from its source, the second is about minimal processing and the

�
 C.R. Lerici andM.C. Nicoli, inMaillard Reaction in Food: Proceedings of a RoundTable, ed. C. R.
Lerici, University of Udine, Udine, 1996, pp. 11—20.

�� A. Huyghues-Despointes and V. A.Yaylayan, Food Chem., 1994, 51, 109—117.

Safety and Quality Research Priorities in the Food Industry

39



third about its eating quality. Pasteurized milk could be less than 24 hours from
the cow when placed on sale. UHT milk when processed is no older than
pasteurized milk but no-one would describe UHT milk, even on the day of
processing, as fresh. In a supermarket, fresh fish means raw fish: it was probably
caught several days ago and has been frozen.
The consumer does not experience age of product or type of process: the

consumer will buy fresh foods on the basis of a superior eating quality, often
expect to pay a premium and accept a short shelf-life. For the industry to offer
both better value and greater convenience in the fresh foods market, we need to
better understand what the consumer experiences as fresh food and how they
discriminate ‘fresh’ from ‘processed’ foods. Armed with this information we
would be better able to offer the fresh food eating experience that is both good
value and convenient.

Date Coding

One of the ways that we communicate freshness to the consumer is by the
best-before date on packaging. This is a very blunt and imperfect instrument.
Chilled foods that have been temperature abused in the distribution chain may
not be palatable or wholesome at their best-before date. Conversely, chilled
products that have been maintained at below 5 °C may well be very acceptable
long after the best-before date has passed. Many consumers misunderstand the
significance of the best-before date and the product becomes a time bomb in the
fridge: perfectly acceptable to consume up tomidnight of the final day of the date
code and potentially dangerous as the clock moves past 00: 00.

Packaging

The manufacturer wants to delight their customers every time: we do not want
consumers to eat temperature-abused product and risk losing a customer, but we
do want the consumer to know when the product is still of the eatng quality to
which we aspire. The challenge is then to find a much better method of
communicating the quality of a product other than by a best-before date.
Although time—temperature indicators have been developed and evaluated, they
too are crude instruments: a short exposure to a high temperature may cause the
time—temperature indicator to register temperature abuse and non-saleability of
the product, but the product itself may be entirely unaffected. Identifying the
quality characteristic or characteristics that a consumer expects in fresh food and
then developing a low cost means of measuring this and clearly communicating it
to the customer is the target, the so called ‘smart packaging’.��

Consumer Choice

Finally, the link between quality and consumer choice is far from understood.��
How does the consumers’ understanding of quality match up to the industry’s

�� R. Ahvenainen and E. Hurme, Food Addit. Contamin., 1997, 14, 753.
�� R.A.Dreiedonks,A. J. Eykelboomand J. B. F.MorelVoedingsmiddelentechnologie, 1987, 20 (26), 11.
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understanding? How strong a factor is the consumers’ perception of quality in
comparison to other factors such as price and brand in influencing consumer
choice? A better understanding of consumers will enable the industry to meet
their needs and offer them a wide range of nutritious, delicious, attractive and
good-value products.
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