HACCP training course; module 02 - lecture 01

Module 02 - lecture 01

Microbiological

hazards

mh t

This lecture covers some of the basic knowledge necessary to
apply HACCP. It is not the intention to give a short course in
microbiology. Whenever insufficient knowledge concerning
microbiological hazards is available in applying HACCP,
outside expertise should be sought.

If additional information is needed, see the enclosed list of
further reading material.
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Microorganisms are very small J

YOGHURT

1 cup
of yoghurt contains

22 X this number!

Microorganisms are extremely small. This slide tries to put
this statement into perspective by showing you the astounding
number of harmless lactic acid bacteria in a cup of yoghurt.

(When explaining this concept, try to find an example which is
~meaningful to your listeners).
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Microorganisms classified
by their significance

+ Pathogenic organisms
+ Spoilage organisms

+ Useful organisms

mh3 @

We have seen that microorganisms can be dangerous. As
already mentioned, some organisms are not dangerous but

may spoil foods. Some microorganisms are used to ferment
food and drinks.
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Dangerous microorganisms

Foodborne diseases

+ Bacteria
+ Moulds
+ Viruses

+ Parasites

mh4 @

Microorganisms . consist of four main groups of varying
complexity.

Bacteria and moulds are most familiar to us since we can
either see them, (e.g. mouldy fruit), or we can see the effects
of their activities (e.g. spoiled meat).

Viruses and parasites are less evident but, as with bacteria,
we are aware of their effects when we suffer from an infection.
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Major bacteria causing
foodborne disease

Aeromonas spp.
Bacillus cereus
Brucella spp.
Campylobacter jejuni
Clostridium botulinum
Clostridium perfringens
Escherichia coli

Listeria monocytogenes

Mycobacterium bovis
Salmonella spp.
Shigella spp.
Staphylococcus aureus
Vibrio cholerae

Vibrio parahaemolyticus
Vibrio vulnificus

Yersinia enterocolitica

Many bacteria cause foodborne diseases.
This list gives you an idea of the variety of organisms which

can be transmitted through food.

Later, we will discuss the differences between them, where
they come from, and how they get into foods.
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Spoilage microorganisms

> Bacteria
> Yeasts

> Moulds

s @

The main spoilage organisms are bacteria, yeasts and moulds.
They may cause food to deteriorate, producing undesirable
changes in flavour, odour or taste.

Sometimes, these changes may be seen as desirable. In
some cheeses, moulds are essential to the production
process. However, we would not consider bread or fruit with
the same mould growing on the surface to be fit to eat.
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Food products made
with useful microorganisms

+ Fermented meats

+ Yoghurt

+ Cheese

+ Beer

+ Leavened bread

+ Soy sauce

+ Fermented soybean (tofu)

Many microorganisms are useful to us. Fermented products
exist all over the world. Here are some examples.



HACCP training course; module 02 - lecture 01

Useful microorganisms

Lactic acid bacteria (LAB)
These ferment carbohydrates into organic acids
which inhibit
+ Salmonella
+ Staphylococcus

« Listeria
+ Clostridium
+ E. coli
LAB are foundin , pjants
«+ Soil
+ Animals

+ Human gut

Lactic acid bacteria are very common in the natural world and
are probably some of the first organisms to grow as plant
matter decays. Many natural traditional fermentations contain
these organisms.

These organisms produce not only lactic acid but other organic
acids as by-products of carbohydrate breakdown. They are
found in soil, on plants and are natural inhabitants of the
human gut.

The organic acids reduce the pH of the surroundings (we shall
look at pH later). This inhibits the growth of many
microorganisms and may help lactic acid bacteria compete in
their environment. Organic acids also inhibit many pathogens.
Some traditional fermentations were used by ancient peoples
to preserve food. Many of these methods are still used today.
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Major viruses
causing foodborne disease

Hepatitis A and E viruses

*

+ Small round structured viruses
(e.g. Norwalk agent)

+ Rotavirus

+ Polio virus

s @

Viruses, unlike bacteria, cannot be cultivated outside a living
host. They are much smaller and can be seen only with an
electron microscope. Here is a list of viruses associated with
foodborne disease.

There are no animal or plantborne viruses causing food-
transmitted illness. All foodborne viruses originate from the
human gut, and use it as their target. Any food vehicle
contaminated with human faeces could be contaminated with
these viruses. Shellfish harvested in polluted water are
common causes of foodborne viral infections all over the
world.
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Some toxigenic moulds
causing foodborne disease

* Aspergillus spp.
* Fusarium spp.

* Penicillium spp.

( Main sources - fruits, nuts and grains )

mh 10 @

Some products of the metabolic activity of moulds (i.e.
mycotoxins) may also cause foodborne intoxications. The
three genera most often associated with toxin production are
listed here. Acute intoxication by mycotoxins seems to be rare,
but the result of chronic exposure is of considerable concern.

Moulds are found in the environment, often on fruits, nuts and
grains where they grow under the right conditions of
temperature and humidity.

In general, moulds are more likely to cause food spoilage than
to produce toxins.

10
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Major parasites causing
foodborne disease

+ Anisakis + Fasciola hepatica

+ Ascaris + Giardia

+ Clonorchis sinensis + Opisthorchis felineus
+ Cryptosporidium + Opisthorchis viverrini
+ Cyclospora cayetanensis  « Sarcosporidium

+ Diphyllobothrium + Taenia

+ Echinococcus + Toxoplasma

+ Entamoeba histolytica o Trichinella

@
mh 11

Parasites can include bacteria and viruses, but in general, this
term is applied to protozoal and helminthic organisms.

These parasites sometimes have complicated life cycles in
which the human host is only one stage. To make the proper
interventions to prevent transmission to humans, it is important
to understand these life cycles.

11
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Bacterial growth curve
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This graph shows the increase of bacteria with time, and its
relation to spoilage and toxin production.

At first, bacteria adapt to their surroundings and do not divide;
this is the lag phase of growth. The next period is called the
logarithmic growth phase, because the numbers increase
exponentially (we have used a logarithmic scale on the Y axis,
so this phase appears as a straight line). The time needed for
the number of organisms to double is the generation time.
After a while, the production of toxic by-products such as
acids, and the depletion of growth substrates such as
carbohydrate, essential amino acids, or oxygen, limit further
growth. The curve flattens; this is the stationary phase.

Toxins are produced towards the end of the logarithmic phase
and during the stationary phase of the growth curve. Since
toxin formation may occur before microbial growth produces
visible changes, a seemingly acceptable food can cause an
intoxication.

12
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Infectious foodborne bacteria

INFECTION
Invasion of and multiplication
within the body by

Salmonella
Campylobacter

E. coli (certain strains)
V. parahaemolyticus
V. cholerae

Y. enterocolitica

A. hydrophila

L. monocytogenes

mh13 @ KD

Several pathogens are able to invade the body and multiply in
the tissues of the gut and other organs. The seriousness of the
infection depends on the state of the patient. Young children,
pregnant women, old people and people who are ill tend to be
more severely affected than healthy adults. Young children are
particularly likely to become sick, and the elderly have a high
fatality rate.

13
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Salmonellosis

> Main symptoms
. Diarrhoea
. Fever
*  Abdominal cramps
*  Vomiting

> Persons at high risk

Young

Ooid

Pregnant women
Immunocompromised
Underlying disease states

> Fatality rate

e <1%
> Incubation period
. usually 12 - 36 hours @

As we shall see later, salmonellosis is one of the most
common foodborne diseases (FBDs), particularly in
industrialized countries. The symptoms are listed here. They
are typical of many enteric disease symptoms.

We can see that the categories of people most at risk are the
ones we just mentioned.

The mortality is low in the general population, although it can
be higher if an outbreak occurs in a hospital or nursing home,
or if proper rehydration is not available.

The disease called “typhoid” is also caused by a Salmonella.
However, typhoid is a generalized disease while the
salmonellae discussed here usually cause gastroenteritis.

14
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Salmonella

2200 different serotypes

200 of which cause foodborne disease in
Europe in any one year

70% cases caused by S. enteritidis and S.
typhimurium

Serotypes split into subtypes called phage-
types (PT)

e @

There are more than 2000 serotypes of Salmonella that can be
identified in the laboratory.

200 of these have been associated with FBD in Europe. 70%
of the cases are caused by two types: S. enteritidis and S.
typhimurium.

We can further distinguish between the serotypes by phage
typing. This technigue looks at the sensitivity to bacteriophage
viruses that specifically attack the genus.

15
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Raw food materials likely to be
contaminated by Salmonella

+ Poultry

+ Meat

+ Milk

+ Eggs

+ Vegetables
+ Shellfish

+ Spices and herbs
+ Untreated water

mh 16 @ e}

These organisms live in the gut of warm-blooded animals and
birds. They can be isolated from the environment, where they
are transmitted from faeces and where they can survive.

Poultry and eggs are a major source of Salmonella,
particularly S. enteritidis which infects chickens. Other meat
is less likely to be associated with it.

In Europe, milk tends to be associated with S. typhimurium.
Contaminated irrigation water can transmit a variety of
serotypes to vegetables. Shellfish can be contaminated by
sewage discharged into the sea and rivers. Spices which are
dried in the open air can be exposed to animals and birds.

16
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Thermal resistance of
Salmonella in food

Salmonella is heat - sensitive

Pasteurization is sufficient to kill
Salmonella in high - moisture foods

Heating at 70°C for 2 min can achieve

a 6 log reduction in numbers

@

Even though the organisms may be found in raw materials,
standard heat treatments, applied in the presence of sufficient
moisture, usually will kill them.

Some strains are particularly heat resistant. However, 70°C for
2 minutes is usually sufficient to reduce the number of
Salmonella by a factor of 108,

17
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Campylobacteriosis

> Main symptoms

* Mild to severe diarrhoea
* Fever

* Nausea

* Abdominal cramps

> Persons at risk

* Babies and young people
* Debilitated people

> Incubation usually 2-5 days
mh 18 @

In many countries, campylobacteriosis is rapidly overtaking
salmonellosis as the most frequently reported cause of enteric
disease.

It is caused by a spiral organism commonly found in poultry
and in other birds, which may be a normal gut inhabitant since
it is found in free range poultry.

Campylobacter coli, which infects pigs in some countries and
poultry in others, can cause human iliness.

18
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Survival of Campylobacter

A very fragile organism, it does not survive well
in food processing environments

+ Heat - sensitive

+ Sensitive to drying

+ Survives freezing (several months
in frozen meat and poultry)

+ Survives better at chilled conditions
rather than at ambient temperatures

mh 18 @

These organisms are fragile. They survive only for seconds at
60°C. They are sensitive to drying although they may survive
in frozen meat and poultry. They require special low oxygen
conditions to grow and thus, do not normally grow in foods.

Later, we shall look at the epidemiology of this disease.

19
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Pathogenic E. coli

Enteropathogenic E. coli ( EPEC)
Enteroinvasive E. coli (EIEC)
Enterotoxigenic E. coli (ETEC )

Enterohaemorrhagic E. coli ( EHEC)

mh20

E. coli is one of the organisms most familiar to bacteriologists.
It is a normal inhabitant of the gut of warm-blooded animals,
including man, and birds.

Although we all have it in our gut, we may not readily accept
E. coli from outside sources. The organism is obviously
adapted to this niche, which also means that some strains
may have characteristics that favour their colonization over
other strains. This may be the reason that the organism can
cause disease.

Four types of disease have been recognized, each with
different symptoms.

.20
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Pathogenic E. coli

EPEC Acute watery diarrhoea - young children
particularly susceptible

EIEC Dysentery - like syndrome

ETEC Acute watery diarrhoea - often in
travellers

EHEC Bloody diarrhoea syndrome

Incubation 8 - 44 hours depending on type
mh 21 @

Diarrhoea due to this organism is probably one of the most
common causes of morbidity in young children. The symptoms
of the different types of disease vary in severity.

When travellers adjust to the microflora of different countries,
they often experience a mild form of diarrhoea.

Lately, enterohaemorrhagic E. coli O157;H7 has emerged in
the USA, Europe, Japan and Africa as the cause of not only a
severe enteritis, but of subsequent kidney disease, which can
be fatal and is particularly likely to affect children.

21
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Pathogenic E. coli

associated with foodborne disease

Type of Reservoir Source of food Cause of FBD
E. coli contamination outbreaks
EPEC Man Food handlers - Rare
sewage -
environment

EIEC Man Food handlers - Soft cheese -
sewage water

ETEC Man Food handlers - Soft cheese -
sewage water

EHEC Cattle Cattle faeces - Under-cooked
meat handling ground beef
facilities (hamburgers etc.)
Dairies Unpast. milk ¢

mh 22

Some E. coli can be spread from person to person, especially
EIEC. The food handler can spread it to food. It grows easily in
the gut, so small numbers can cause disease.

This table shows that EIEC, ETEC and EHEC have all been
associated with foods. EPEC rarely causes food-related

disease.

22
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Bacterial division

== =

5

&
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Bacteria divide asexually by binary fission. There are four or
five points at which the cell gradually splits after first
elongating.

Bacteria can exchange genetic material in a process called
conjugation, where simple circular strands of DNA called
plasmids are passed from one to the other.

Under optimum conditions, bacteria can duplicate every 20
minutes.

These dividing bacteria are in the vegetative form. Some
bacteria may exist also in a sporulated form. This is a survival
mechanism. Sporulated bacteria are much more resistant to
e.g. heating. They can not multiply however, in the sporulated
form.

23
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Infective dose

Host

+ Age

+ Immune status

+ Gastric acidity - time of day

¢+ Immuno - competence

+ Nature of gut flora - carrier state

+ Pregnancy

mh 24 @ K:

We have mentioned infection and the numbers of
microorganisms required to cause it. The infectious dose is
determined by several factors.

The state of the host is important; age and immune status are
critical, and perhaps related. We know very little about the
factors affecting immune status but certainly, malnutrition is
one of them.

Gastric acid is one of the first barriers to infection; its pH may
change according to the food. The gut flora may also be
important since they can help prevent the establishment of
pathogens.

Certain infections, such as listeriosis and toxoplasmosis, may
be of concern to pregnant women, because of the high
susceptibility of the unborn child.

24
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Infective dose

Organism
Virulence of the strain

Vegetative cells or spores

mh2s @

The organism is-also important, whether it is sporulated or in
the vegetative state. Some strains have special characters
such as fimbriae which help them to attach to the gut.

These contribute to the virulence of the strain. However, the
outcome of infection is related to the interaction of the state of
the host and the organism.

25
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Infective dose

Food
+ Presence of fat

+ Acidity

mh 26

The type of food can play a role. Fatty foods may form an
insoluble layer of fat around the microorganism, thus
protecting it from the bactericidal effects of gastric acid. In
outbreaks of salmonellosis linked to chocolate and cheese, the
number of organisms present was very low.

The acidity of the stomach is a major barrier to infection. This
may vary with the type of food. Milk products can reduce
acidity due to the buffering power of casein. The use of anti-
acid medicines can also increase susceptibility to foodborne
disease.

26
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Host factors

Consequences of previous foodborne infections:

Lasting immunity
Hepatitis A

Short-term immunity
Campylobacter
V. cholerae

No immunity
Salmonella (unless a carrier)

mh 27 @ K:

Other factors associated with the host include immunity
resulting from previous infections.

Some diseases leave a lasting immunity.
Others provide short term-protection.
Salmonellosis leaves no immunity.

27
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Minimum infective dose

+ EPEC 108

+« ETEC 108

+ Shigella, EIEC 10-100

+ EHEC 10

+ L. monocytogenes | high, but probably in risk groups

c. 100/g of food

+ Salmonella ( excluding typhi) 108 (lower nos (i.e. 10-1000) may
cause infection in fatty foods
such as chocolate & cheese )

+ Campylobacter ca. 500
+ Salmonella typhi | 10 - 100
. V. cholerae 10© @

The minimum infective dose has been estimated for some
organisms under particular sets of conditions but is unknown
for others.

However, we can see that estimates are either high or low. In
either case, growth in foods may be required to permit a
sufficient number of organisms to pass through the gastric
acid.

Under certain conditions, disease may be caused by a single
organism.

28
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Toxigenic foodborne
bacteria

Intoxication due to
Toxin produced in the food
+ Bacillus cereus
+ Clostridium botulinum
+ Escherichia coli (ETEC)

+« Staphylococcus aureus

Four organisms.concern us. With one exception, they are
Gram-positive, that means that they share certain
characteristics of their cell walls (made evident by the so-
called Gram-stain). S.aureus and E. coli are associated with
humans, the former as a skin commensal and the latter as a

gut commensal.

The others are found in the terrestrial environment.
Clostridium botulinum are anaerobic but B. cereus can
grow in the presence or absence of air.

29
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What is a toxin ?

A poison found in some animals and
plants and microorganisms

Botulinum toxin is formed when
C. botulinum grows - it is a PROTEIN

Approximately 500g is enough to Kill
the human race !

mh 30

C. botulinum produces one of the most toxic substances
known. It is a protein formed when the organism grows.

30
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Characteristics of FBD due to
C. botulinum '

Characteristic Proteolytic type Non-proteolytic type

Onset 2h - 8 days SAME
Duration Days to
several months
Symptoms Nausea
Vomiting
Visual disturbances, v
vertigo
Toxic dose 0.005 - 0.1ng 0.1 -0.5u9

The onset of intoxication with botulinum toxin is variable. In
severe cases, the symptoms may persist for several months.
Nausea and vomiting occur, due to an action not at the enteric
level but at the level of the central nervous system. Visual
disturbance, due to decreased coordination of the eye
muscles, is often seen quite early. In severe cases, the
respiratory muscles are paralysed and artificial life support is
necessary. The different types of the organism, proteolytic
(able to break down proteins) and non-proteolytic (unable to
break down proteins), produce toxins of different toxic doses.

31
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Characteristics of FBD due to
S. aureus

Incubation period 1 - 6h

Main symptoms at 6 - 24h

Nausea
Vomiting
Diarrhoea
Abdominal pain
NO Fever
Collapse and dehydration in severe cases

@x

mh 32

Intoxication by .S. aureus can be serious; the onset of
symptoms is rapid. It can cause dehydration and shock
followed by prostration. It causes violent diarrhoea and
vomiting but no fever. Absence of fever is quite common in
cases of intoxication.

The toxin is formed when the organism grows in food and the
symptoms occur after ingesting the preformed toxin.

It is heat resistant, which means that although there may be no
organisms detectable in the food, the toxin remains.

32
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Characteristics of FBD due to
Bacillus cereus
Characteristic Diarrhoeal Emetic
Syndrome Syndrome
Onset of symptoms 4 - 16 hours 1-14 hours
Duration of symptoms 12 - 24 hours 6 - 36 hours
Symptoms Abdominal pain, Nausea and
watery diarrhoea vomiting
Number of bacteria
in incriminated food 108/ g 108 /g
ma3s @

Intoxication by this organism is much more common than that
with botulinum toxin.

The onset is rapid and two syndromes are seen, the diarrhoeal
syndrome being more common than the emetic syndrome.

In foods associated with outbreaks, large numbers of bacteria
have been detected.

This intoxication is unpleasant but rarely fatal.

33
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Minimum toxic doses of
bacterial toxins

Minimum toxic

dose (cells / g)
S. aureus 106
C. botulinum 104 - 105
C. perfringens
B. cereus 107 -108

mh 34

Bacteria that produce toxin in the exponential phase of growth
| generally require the presence of fewer cells before a food
| becomes toxic. The high numbers noted for B. cereus indicate
either that toxin is produced in the stationary phase, or that it is
necessary to ingest high numbers of spores that go on to
germinate in the gut.

34
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Factors affecting growth of
bacteria in food

+ Temperature

+ Time

. pH

+ Water activity (a,)

+ Oxygen tension

+ Preservatives

+ Microbial interactions

mh3s @ K3

These are the major factors affecting growth of bacteria. We
shall examine them (in later lectures) without looking at actual
mechanisms. Those of you who wish to have further
information can refer to your reading list. ‘

Among these factors, microbial interactions are generally less
important than the others. '

35
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Temperature range for growth of
pathogenic bacteria

Temperature°C
Min. Opt. Max.
Salmonella ‘ 5 35-37 47
Campylobacter 30 42 47
E. coli 10 37 48
S. aureus 6.5 37 -40 48
C. botulinum (proteolytic) 10 50
C. botulinum (non-proteolytic) 3.3 25 -37
B. cereus 4 30-35 48 -501
432

1= Mesophilic
2 = psychrotrophic

"} mh3s

Here we can see the growth ranges of several foodborne
pathogens.

36
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Temperature range for growth
of toxigenic mould species

Min. Opt. Max.

°C °C

Penicillium verrucosum 0 20
Aspergillus ochraceus 8 28
Aspergillus flavus 10 32
(aflatoxin formation) 12 25
Fusarium moniliforme 3 25

°C
31
37
42
37
37

@

Under optimum conditions, mycotoxins can be produced over
a wide range of temperatures. Optimum conditions for growth
are not necessarily the optimum conditions for toxin formation.

37
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Prevention of foodborne disease

Boiling
point

Pasteurizing
temperatur

Bod
temperature

Vi

Freezer

Temperature affects microbial growth. We have already seen
the growth curve.

Most bacteria found in foods grow best at 28 - 45°C. Some
can grow rapidly at 20 - 25°C. Foods should never be kept in
warm surroundings for more than one or two hours.

In the cold, germs breed slowly. A few can multiply under
refrigeration conditions (3-10°C). in the freezer, most live but
do not breed. Boiling and pasteurizing kills germs in a few
minutes but it does not kill heat-resistant spores or destroy
heat-resistant toxins. That is why cooked food should be eaten
immediately. |

Here we can see a picture of the critical temperatures. This is
a good diagram for training people.

38
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Consequences of foodborne infections

Foodborne
Infections

Socio-
economic
impact

Diarrhoea
Malnutrition
Other illness

Individual Community

o @

There are three main consequences of foodborne infections.

First, there are direct influences on the individuals, such as
diarrhoea and malnutrition. Malnutrition is caused by
repeated episodes of diarrhoea.

Second, there are secondary disease states arising from
foodborne infections, creating a vicious spiral of diseases. This
is the target for preventive measures.

Third, there are socio-economic effects on the community.

39
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Annual morbidity and mortality
from diarrhoea

Estimates for global morbidity

2.6 episodes / child /year 1980 - 1990 Bern et al (1992)
2.2 episodes / child /year ——>1982 Snyder and
Merson

(1982)

Estimates for global mortality

3.3 million 1990 Bern et al. (1992)
4.6 million 1982 Snyder and
Merson

(1982)

@

In the developing world, it is more difficult to estimate the
costs, but they are high, both in human and in financial terms.

40
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Places where food in
outbreaks was mishandled

% Outbreaks

USA
Food service 34.0
Homes 14.7
Food processing 2.8
Retail food -
Farms -
Other -
Unknown 48.5

Canada

32.6
14.6
5.5
4.1
0.2
1.2
41.8

@

If we know why.these incidents occur, we can apply control

measures.

In industrialized countries, most outbreaks can be traced to
food service establishments (restaurants, institutions) and to
the home. Industrially processed foods and retail foods are
less likely to be involved in outbreaks, but when they occur

they often involve a large number of cases.

In developing countries, a significant proportion of cases occur
in homes or after eating food purchased from street vendors.

There are, of course, many outbreaks of undetermined origin.

Source: Bryan & Todd

41
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Food handling faults in food
service establishments in the USA

% Outbreaks
Inadequate cooling 64
Prepared too far in advance 39
Infected persons 34
Inadequate reheating 24
Inadequate hot storage 21
Inadequate cleaning 10
Cross-contamination 10
mh 42 @

The same pattern occurs in food service establishments:
temperature and time abuses are the main causes. Infected
food handlers are another frequent cause.

42
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Major factors contributing
to foodborne illness

Contamination Cross - contamination
Unclean equipment
Unsound / unwholesome food
Chemical contamination
Insects / rodents
Infected handlers

Survival Inadequate cooking / reheating

Growth Insufficient cooling / hot holding

mh 43 @

A problem occurs when factors combine to favour
contamination, allow survival, or allow growth. Contamination
and recontamination are due to many factors. Survival and
growth depend on temperature and time. All these factors
should be controlled by GMP/GHP if properly applied (see
also M1L4, p. 6).
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- Nature of bacteria, moulds, viruses
and parasites - key messages

> Bacteria may be harmful or useful.

> Bacteria, yeasts and moulds can be used
to preserve foods.

» Foodborne diseases are caused by bacteria,
moulds, viruses, and parasites.

> Bacteria and moulds multiply on foods and
may produce toxins.
> Viruses and parasites do not grow in food.

» Understanding the factors controlling growth
of microorganisms allows us to control them in

food. @

In this lecture, we have had an overview of microorganisms.

We have seen that FBD is caused by bacteria, moulds,
viruses and protozoa. They not only cause infections but some
also produce toxins. The behaviour of bacteria depends on the
food in which they are found.

If we understand contamination, and factors affecting survival
and growth of the different bacteria, we may be able to control
them in foods.
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Infectious pathogens - key messages

* Most FBD are caused by infectious rather
than toxigenic pathogens

* Globally most important are
* Salmonella

« Campylobacter
* Shigella
* E.coli
* Infectious dose varies widely and depends on
* Host
* Organism
* Food

e Lasting immunity is rare
* Preventive measures therefore essential
* Vaccine available only for hepatitis A

45
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Module 02 - lecture 02

Chemical and physical

hazards in food

phenna %3]

All matter, including our own bodies, is made up of
chemicals. While all chemicals have some inherent toxicity,
most are not present at high enough levels to pose a threat
to human health. Some potentially hazardous chemicals
are man-made; others are produced by natural processes.
Human exposure to chemicals can occur through
inhalation, dermal absorption and, of course, ingestion in
food and drinking water; some chemicals (e.g. lead) have
multiple exposure paths. In this unit we will look at
chemicals present in the food supply which may pose risks
for human health, as well as those that can be used safely.




Perception of chemical
hazards in food
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Do you see a vase or two faces? Perception is often very
subjective.

Public perception of chemical hazards is a case in point.
Many people see chemical contaminants in food as a
major health hazard. In fact, although mass poisonings
have occurred, the risk of an acute chemical intoxication is
very small. Foodborne diseases caused by biological
contaminants are much more common. Nevertheless,
consumers tend to over-emphasize the threat of chemicals
to health. According to behaviourists, this is due not to
objective risk but to factors such as dread of outcome,
likely fatality, unfamiliarity, the perception that the risk is
uncontrollable and unfair, and perceived likelihood of
catastrophe. It is important to keep this in mind, especially
when communicating to the public and the media. This
chapter will discuss the potential hazards of chemicals in
food and assess the risk they pose.
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Where hazards arise
in the food supply
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Crops and animals may be exposed to toxic substances due
to envionmental contamination of water, air and soil. In
addition, agrochemicals, such as pesticides, are widely used
in most countries. Food can also be contaminated during
processing, handling, storage, and preparation. Long-term,
low-level exposure to some chemical contaminants is
associated with serious disease, including neurological
damage, birth defects and cancer. Although rare, acute
exposures to chemicals through food have resulted in large-
scale outbreaks, in some cases with irreversible health
damage and enormous economic costs. Regular, accurate
information on food contamination is essential to reduce its
occurrence and protect public health.
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Chemical hazards in
food

> Industrial and environmental
contaminants

Biologically derived contaminants

Contaminants produced during
processing

Improperly used agrochemicals
Improperly used additives
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Any chemical which can cause harm is a hazard. Industrial
and environmental contaminants, such as dioxins,
polychlorinated biphenyls and the heavy metals, are among
the best known and can pose a serious threat to human
health. The main biologically-derived hazards are inherent
food plant toxicants, mycotoxins, and other toxicants of
biological origin. A small but important group of
contaminants can be produced during processing.
Substances such as additives, pesticides and animal drugs
have also caused intoxications, but are usually safe if used

properly. | |

Certain chemicals can provoke allergic reactions, even at
low levels, posing a life-threatening hazard for sensitive
individuals.
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Contaminants of industrial
and environmental origin
Chemical Main source Associated food
PCBs Transformers Fish, animal fat
Dioxins By-product Fish, animal fat
Mercury Chlor - alkali Fish
Lead Vehicle emission, Canned food,
smeliting, paint, acidic foods,
glazes, solder drinking water
Cadmium Sludge, smelting Grains, molluscs
Radionuclides Accidental release Fish, mushrooms
Nitrate / nitrite Fertilizers Vegetables,
phrehna s drinking water @

Data collected since 1976 by the Global Environment
Monitoring System / Food Contamination Monitoring and
Assessment Programme (GEMS/Food) indicate that,
despite isolated cases of high contamination levels of
foods in Europe and North America, these contaminants
are becoming less common in developed countries. Data
from developing countries are not as comprehensive;
also, many of these countries do not have strict pollution
regulations. Thus, the food supply in these countries may
be contaminated by industrial chemicals and toxic metals.
Mass poisonings with many of these chemicals have
occurred and resulted in serious injuries. The health
implications of long-term low-level exposure to many of
these contaminants are not fully understood.
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Inherent plant food toxicants

Chemical ' Associated Food

Oxalates Rhubarb, tea, cocoa, spinach, beet
Glycoalkaloids | Green potato

Cyanoglycosides Lima bean, cassava

Phytohaemagglutinin  Red kidney beans and other beans

Various carcinogens Spices and herbs

phehha § @

Many plants contain components which may be toxic to
humans and animals. Some, such as cassava and red
kidney beans, must be properly processed before they
are safe for consumption. Others, including many
common spices, contain naturally occurring known or
suspected carcinogens, such as alkyl isothiocyanate
(garlic), capsaicin (hot chilli peppers) and apiol (parsley,
celery, parsnips). Consumption of insufficiently processed
cycad flour has been associated with a delayed
neurotoxic syndrome in Guam, Japan and Papua New
Guinea.




" “MACCP training course; module 02 - lecture 02

Mycotoxins
Chemical Source Associated Food
Aflatoxins ~ Aspergillus flavus and Corn, peanuts,
A. parasiticus tree nuts, milk
Trichothecenes  Mainly Fusarium Cereals and
other foods
Ochratoxin A Penicillium verrucosum Wheat, barley,
A. ochraceus corn
) Ergot alkaloids = Claviceps purpurea Rye, barley, wheat
Fumonisins Fusarium moniliforme Corn
Patulin P. expansum Apples, pears
Zearalenone Fusarium spp. Cereals, oil, starch
pnchha? &

Mycotoxins are poisonous substances produced by fungi,
and have caused outbreaks of mycotoxicosis in humans
and in livestock. Many outbreaks have been linked to
eating mouldy food and feed because of food shortages
or because of ignorance of the possible consequences.
Such practices continue in many parts of the world.

Mycotoxins have also been implicated in many chronic
diseases, including cancer. Public health officials are
beginning to recognize the impact of these toxins on
human and animal health. The Food and Agricultural
Organization (FAQO) has estimated that 25% of the world's
food crops are contaminated by mycotoxins. In Asia and
Africa, a study estimated that 10 to 50% of crops are
contaminated. In a Japanese study of Fusarium toxins in
corn from widely separated countries, only a few samples
were free from contamination.
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Temperature range for growth
of toxigenic moulds

Aspergillus

Temperature
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Like Dbacteria, different moulds require different
temperatures for optimum growth. However, toxin
production is not necessarily related to optimum growth.
Some moulds produce toxins only when conditions are
less than optimum.
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Minimum water activity for growth
of toxigenic moulds
Mould Minimum Water Activity
Aspergillus ochraceus 0.78
Penicillium verrucosum 0.79
Aspergillus flavus 0.80
Fusarium moniliforme 0.87
Stachybotrys atra 0.94
phehha 8 @

The production of mycotoxins depends on environmental
conditions, such as temperature and humidity. In addition,
factors such as pH, presence of competitive flora and
conditions of stress (drought and insect damage) can
influence mould growth and hence toxin formation.
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Target organs of some mycotoxins

Mycoftoxin Target
Aflatoxin Liver
Ochratoxin A Kidney
Trichothecenes Mucosa
Ergot alkaloids Peripheral vascular
system
Zearalenone Uro-genital tract W
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Aflatoxins are carcinogenic for all animal species studied,
including man. Aflatoxins and hepatitis B virus are
cocarcinogens, with increased risk of liver cancer if both
factors are present. Ochratoxin A causes kidney damage
in humans. Trichothecene exposure in humans produces
a variety of symptoms, including dermatitis, cough, rhinitis
and haemorrhage in the nose, but immunosuppression is
the underlying cause. The trichothecene T-2 was
responsible for the deaths of tens of thousands of people
in Russia from 1942 to 1947, due to its build up in grain
left in the field over winter. Fumonisins in corn are
probably linked to throat cancer in parts of China and
Africa. Ergot alkaloids, besides their historical notoriety
for their acute effects, continue to be a concern because
of other possible vascular effects. Zearalenone is
structurally similar to diethylstilbestrol (DES); there are a
number of unanswered questions about the effects of
estrogenic substances in food.

10
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Contaminants of biological origin

Aflatoxins (B,, G,, B,, G, and M,) are the best known
mycotoxins, produced mainly in corn and peanuts by
Aspergillus flavus and A. parasiticus. B aflatoxins produce
blue and G aflatoxins green fluorescence under UV light; M
aflatoxin is a metabolite excreted in cow or human milk when
B and G aflatoxins are ingested. Acute LD50 values in
animals and man vary from 0.5 to 10 mg/kg. IARC has
classified aflatoxin B1 as a known human carcinogen. Levels
in human food should be as low as practicable, to reduce
their potential risk as far as possible. This can be achieved
by improved post-harvest handling, storage, testing and
segregation of contaminated foods and feeds.

11
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Regulatory limits
for mycotoxins in foods
Mycotoxin Limit (ug/kg) Commodities No. of Countries
Aflatoxins B+G 0-50 Corn, peanuts, 48
other foods
0-1000 Animal feeds 21
Aflatoxin M4 0.05-1.0 Milk, dairy 17
Ochratoxin A 1-300 Rice, corn, 6
barley, beans,
pork kidney
Deoxynivalenol 1000 - 4000 Wheat 5
Patulin 20 - 50 Apple juice 10
Zearalenone 30 -1000 All foods 4
phchha 12 @

Many governments have established limits for
mycotoxins, particularly aflatoxins. Though such limits
should be based on scientific risk assessment of the
toxicity of the mycotoxin and estimates of likely,
exposure, risk assessment data are incomplete for many
mycotoxins. Thus, most established limits for mycotoxins
are based on Good Agricultural and/or Good
Manufacturing Practices. The Joint FAO/WHO Expert
Committee on Food Additives (JECFA) is using human
epidemiology studies to develop a quantitative risk
assessment of aflatoxin.

12
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Risk assessment
for mycotoxin in foods

Mycotoxin JECFA Benchmark

Aflatoxin B, 0.01 - 3 cancers per year
per 100.000 people
per ng of aflatoxin B,
per kg bw/day

Patulin 0.4 ng/kg bw/day

Ochratoxin A 0.1 pg/kg bwiday
phehha 13 @

JECFA has established Provisional Tolerable Intakes of 0.4
ng/kg body weight per week for patulin, and 0.1 pg/kg body
weight per day for ochratoxin A. JECFA has also reviewed
the use of zeranol as a xenobiotic growth promoter in cattle
and has established an Acceptable Daily Intake of 0-0.5
ng/kg body weight.

Based on epidemiology studies the 49th JECFA in 1997
established potency estimates for aflatoxin B, in the
absence and presence of carriage of hepatitis B virus. The
risk of liver cancer increases by a factor of 30 when
combined with carriage of hepatitis B virus, which is
particularly common in Asia.

The Codex Alimentarius Commission has not established
international limits for mycotoxins although several are
being developed, e.g. for corn, peanuts, milk.

13
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Regulatory limits for aflatoxins
in some Asian and Pacific countries

Country Limit (ug/kg) ‘ Commodity
Australia/New Zealand 15 (T) Peanuts
5(T) Other foods
China 20 (B,) Maize, peanut
India 30 (B,) All
Japan 10 (B1)‘ Rice
5 (B, Other grains
Malaysia 35(T) All
Philippines 20 (B,) Coconuts, peanut
products (export)
Singapore Absence (B,)* All
Sti Lanka 30(T) All
Thailand 20(T) All
B, = Aflatoxin B,
phehha 14 *Limit of detection is around 10 pg/kg T = Total Aflatoxins @) | +]

Permitted levels of aflatoxins vary greatly within Asia, often
depending on whether the country imports or exports the
affected commodities. While overly strict regulation can be
costly, the cost of aflatoxin-induced hepatocellular
carcinoma can also be significant, particularly where there
is a high prevalence of hepatitis B virus carriers. It should
be noted that most European countries have established
levels of 5 yg/kg for aflatoxins, while the USA uses an
"action level" of 20 pg/kg for total aflatoxins.

Source: "Mycotoxins in Human Nutrition and Health.” Directorate
General XII -- Science, Research and Development, European
Commission (1994), “Worldwide regulations for mycotoxins 1995 - a
compendium”, FAO Food and Nutrition Paper 64, FAO, Rome (1997).

14
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Other toxicants of biological origin
Toxicant Source Associated Food
Ciguatera Dinoflagellates Tropical fish
Shellfish toxins: Dinoflagellates Shellfish
paralytic
neurotoxic
diarrhoeic
amnesic
Pyrrolizidine alkaloids Various toxic plants  Cereals, honey
Histamine Spoilage bacteria Fish, cheese
phchha 18 @

This list does not include all poisonous plants and animals
(e.g. certain mushrooms, which are toxic to humans, or
pufferfish, which contain tetrodotoxin); only those which are
most widespread. Ciguatera is found mainly in tropical reef
fish. It accumulates in the food chain, so large predatory
fish are the most toxic. Poisoning causes gastrointestinal,
cardiovascular and neurological symptoms, such as a
reversal of hot/cold sensations. Other dinoflagellates
produce shellfish poisonings. While dinoflagellates have
specific geographical ranges, "blooms" have occurred
outside the traditional areas because of climate changes.
Pyrrolizidine alkaloids, which can cause liver damage, are
found in plants which may be unintentionally consumed
with edible plants. Histamine is usually associated with the
decomposition of scombroid fish, produced by the
decarboxylation of histidine by bacteria. Usually, tingling,
rash or drop in blood pressure occur within 30 minutes of
ingestion, and symptoms disappear after 3 hours.

15
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Contaminants produced
during processing

Polynuclear aromatic hydrocarbons
Heterocyclic amines, nitropyrenes
Nitrosamines

Ethyl carbamate (urethane)

Chloropropanols

phcnna 10 &

Toxic contaminants can be produced during food
processing. Potential carcinogens may be introduced when
grilling, smoking and charring meat and fish. High levels of
benzo[a]pyrene can be produced in food during charcoal
grilling; heterocyclic amines and nitropyrenes are produced
when meat and fish are exposed to high temperatures.
Nitrosamines, which are known carcinogens, are produced
during curing, frying and some salting and pickling
processes. Ethyl carbamate can be produced during
fermentation and is found in beer and distilled spirits,
particularly Scotch whiskeys. Chloropropanols may result
from the hydrolysis of proteins with hydrochloric acid. The
food industry is gradually reducing the levels of these
contaminants. Some countries prohibit traditional smoking
processes; many manufacturers use a liquid smoke flavour
which is free of polynuclear aromatic hydrocarbons.

16
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Improperly used agrochemicals

Insecticides : Organochlorine insecticides
Organophosphorus insecticides
Carbamate insecticides

Animal Drugs : Antimicrobials
Growth promotants
Anthelminthics
Therapeutics

Fumigants Fungicides Herbicides
Fertilizers Plant growth regulators Rodenticides

Nematocides Molluscicides

phehba 17 @

Most countries have requirements for registering
agrochemicals, and for defining safe conditions for use.
This information is often provided on the product label.
Usually, a waiting period is needed between the use of the
agrochemical and harvest or slaughter. If the agrochemical
is not applied properly or if the waiting period is not
observed, hazardous residues may remain in the food.
While not a major problem in industrialized countries,
chemical agricultural inputs are heavily promoted in many
developing countries as a way to raise crop yields. In these
countries, the farmers may not be trained in the proper use
of the chemicals. Organochlorine pesticides banned for use
on crops, such as DDT, are used illegally on food. Data
collected by the Global Environmental Monitoring System
(GEMS)/Food Programme, while not comprehensive,
indicate that pesticide misuse can become a problem if
monitoring and control programs are not in place.

17
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Improperly used additives

Direct Food Additives

Anti-caking agents Release agents
Antimicrobial agents Non-nutritive sweeteners
Antioxidants Nutrient supplements
Colours Nutritive sweeteners
Curing and pickling agents Oxidizing and reducing agents
Emulsifiers pH control agents
Enzymes Propellants and gases
Firming agents Sequestrants
Flavour enhancers Solvents and vehicles
Flavouring agents Stabilizers and thickeners
Humectants Surface-active agents
Leavening agents Texturizers

phehha 12 @

When used properly, food additives can protect food from
spoilage and from pathogenic organisms, thus helping to
ensure a plentiful and diverse food supply. At the same
time, certain approved food additives may be hazardous if
used excessively.

Other food additives may be dangerous if too little is added
to food. For example, nitrite is used to prevent C. botulinum
spores from growing in cured meat products, but a
minimum residual level is necessary to ensure its
effectiveness. Insufficient iodine in salt can give rise to
iodine deficiency disorders.

Some food additives (e.g. sulphite) may provoke allergenic
responses. Some people are sensitive to chemicals that are
harmless for the general population. People with metabolic
deficiencies may react to certain additives as well as to the
food. Accurate and complete food labelling helps these
consumers to avoid products which could harm them.

18
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Improperly used additives

Indirect Food Additives

Processing Aids lon-exchange resins, filter aids
Enzyme preparations
Microorganisms
Solvents, lubricants, release agents
Specific function additives

Food Contact Materials Utensils
Working surfaces

Equipment
Packaging Materials Metal, plastic, paper, wood, etc.
Cleaning Agents Detergents
Sanitizers
phchha 19 @

Few countries have detailed regulations for the use of all
chemicals (indirect food additives) which may leave
residues in food, such as processing aids and cleaning
agents. Chemicals can migrate from materials in contact
with the food; for example, low levels of contaminants can
also be transferred from packaging materials. In many
countries, the specifications for food-grade plastics include
limits on extractable materials.

Contaminants may be transferred from cookware or
containers. Cooking acidic food in a copper-lined pot can
introduce copper into the food. Lead may be transferred to
food from certain ceramics, and food in lead-solder cans
has significantly higher lead levels than food in cans with
welded seams.

19
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Improperly used additives

Adulterants

> Borax

> Boric acid

> Formaldehyde

> Water

» Unapproved colouring agents

ochna 20 &

Adulterants are often used to deceive the consumer as to
the quality or value of the product. Sometimes, they are
dangerous. For example, borax and boric acid were once
widely used as low-cost food preservatives, but are now
judged to be too toxic for use in food. In developing
countries, however, they are still used illegally. Similarly,
formaldehyde is sometimes used to preserve fish and
other seafood, especially in places where adequate
refrigeration is not available.

The most common adulterant is probably water, which is
added to foods such as milk, fruit juices and seafood. If the
water is contaminated, it may harm the consumer.

In some developing countries, the use of textile dyes in
food, many of them carcinogenic, is a serious problem.
Street food vendors use them because they are cheap and
readily available. Most consumers are unaware that these
dyes are dangerous.

20
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Improper use of food additives

lllegal use in Indonesia

Pom Aceh - 2734 sauce bottles - Rhodamine-B
Red drinks containing Rhodamine-B :

Bogor 15 %

Djakarta 8 %

Rankasbitung 17 %

Pacet 17 %

- Cikampek 24 %
Semarang

55% red drinks contained Rhodamine-B

31% food samples contained Rhodamine-B,
Methanyl yellow or orange-RN
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The use of unapproved colours is particularly common
among street-food vendors. A strict enforcement
programme coupled with the availability of inexpensive safe
alternative colouring agents is the best way to solve these
widespread and dangerous practices.

21
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Risk analysis of chemicals in foods

Risk
Characterization

Hazard Socio-economic/

Characterization Political
End-point Assessment
Dose response Risk-Benefit

Cost-Benefit
Exposure
Assessment Options
Level in food Regulatory
Dietary intake Voluntary .
Non-intervention

Risk Risk
Assessment |  Monitoring and Management
. Evaluation - @

Measures to control chemical hazards in food are usually initiated
when a chemical is believed to be dangerous (e.g. dioxins), or is
present at high levels (e.g. mycotoxins). In some countries, this
perception may have been created by media. Government agencies
should review the procedure for hazard identification in cooperation
with international organizations such as WHO.

Risk assessment looks at toxicology and exposure, defining the
toxicological end-points and quantifying the potency for humans.
This may be difficult with contaminants, particularly if traditional
safety factors cannot be used. Exposure assessment is less difficult
technically, but facilities and equipment may not be available. Risk
management uses risk-benefit and cost-benefit analysis to evaluate
the situation. The Codex Alimentarius Commission and its subsidiary
bodies do this at the international level.

Countries protect consumers by setting limits for chemicals in food,
and by reducing contamination at the source. Consumer education
programmes can be useful; in Sweden, for example, pregnant
women are warned not to eat fish that may have high levels of

methylmercury.

Risk communication is vital to maintaining confidence in the food
supply. Food contamination monitoring and epidemiologic studies
can be used to asses the effectiveness of intervention strategies.

22
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Monitoring points for
chemical hazards

Point source

Environmental compartments
Primary production

Import / export

Production and processing
Wholesale outlets and markets
Biomonitoring
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Monitoring points for chemical hazards are chosen based on
sensitivity, accuracy and cost. Factory emissions, air, water and
soil, are monitored to assess their potential to contaminate food.
Many countries conduct regular total diet studies to assess
contamination at the market level.

Policy makers use the results of these studies to evaluate and
modify intervention programmes. For example, data on
radionuclides have shown that levels in foods are consistently
below guidelines, indicating that monitoring can be less frequent.

Sensitive analytical methods (biomonitoring) can be used to
monitor consumers directly for the presence of contaminants. For
fat-soluble contaminants, analysis of breast milk is particularly
useful not only because it indicates total exposure of the mother
to a contaminant, but also because infants are a vulnerable
group. Epidemiological studies using these methods can improve
the scientific bases of risk characterization.

N.B. The term monitoring will mean something different when used in
connection with the HACCP concept, as will be explained later

23
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Criteria for establishing
| priorities

Severity of potential effects on health
> Levels in individual foods and the diet

Size and susceptibility of the exposed
population

> Significance in domestic and international trade

> Nature and cost of management options

phenna 26 %3]

Priorities must be assigned to address contaminants in a
rational and cost-effective way. These criteria can be used
to establish priorities for food control activities. Although
food safety emergencies always have highest priority,
sound public health planning must rest on science and on
objective assessments of risks and cost-effective
possibilities for their reduction.

24
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Chemical hazards in the
home

> Metal cookware contaminated with heavy metals

» Ceramic or enamelled serving dishes with toxic
glazes

> Leaded crystal used with acid foods
> Copper pans and utensils

> Miscellaneous home-use chemicals

- 53]

Consumers usually cannot detect chemical contaminants,
so they and their advocates must work to strengthen
government monitoring to assure the safety of their food
and drinking water.

Consumers can also take steps to reduce their risks from
chemical hazards. For example, washing can remove
pesticide residues from fruits and vegetables. Certain types
of cookware may pose risks. Pans made from improperly
recycled materials may contain extractable heavy metals.
Ceramic and enamelled dishes, particularly those that are
brightly coloured, may contain lead and other toxic
substances. Leaded crystal can release lead if exposed to
acid foods such as wine. Copper pans and utensils should
not be used with acid foods. Finally, many cleaning
products, such as drain cleaners and solvents, are toxic if
ingested and should not be stored near food.

25
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Chemical hazards in food

Disease

%’v//\; and <
= Death =

Toxicity

Exposure
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Since every chemical can be toxic to humans, it is not
surprising that there are many potential hazards. While the
food supply is demonstrably safe most of the time, sporadic
outbreaks of food poisoning caused by chemicals tend to
be magnified by the media. Food authorities must respond
to these incidents while keeping safety priorities in
perspective.

Better risk assessments, requiring improvements in both
toxicological and exposure assessments, are needed for
chemical hazards. This requires epidemiological studies
and better understanding of the mechanisms of chemically
induced diseases. Of course, the first line of defense is
surveillance of the food supply to assure that exposure to
chemical hazards does not exceed safe levels.

26
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Potential physical hazards

YV V VV V V VYV VYV YV

Glass

Slime or scum

Metal

Bone

Plastic

Stones and rocks
Capsules or crystals
Pits or shell

Wood

Paper

Human and animal hair

&

A variety of physical objects can be present in food; some
may be hazardous. Some occur naturally in certain foods;
for example, bones in a fish. However, it is unacceptable for
food to contain glass shards or metal fragments, which may
cause broken teeth or serious injury if swallowed. The most
common contamination is with glass in foods and drinks

packaged in glass containers. "Slime or scum,” also called

"semi-solids", is another frequently reported problem and
can cause gastrointestinal distress.

The problem of physical contamination of food eaten by
children is of particular concern.

27
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Potential physical hazards

Distribution of Complaints
of Foreign Objects in Food

Soft drinks 19 %
Infant foods 16 %
Bakery 14 %
Chocolate and cocoa products 7%
Fruits \ 7 %
Cereals 5%
Vegetables ‘ 4%
Fish 3%
Others 25 %
onehna28 %3]

Few statistics are available on physical hazards in food.
These problems tend to be under-reported or reported only
to the food manufacturer. The data here come from a one
year study in the United States, conducted in 1989.

Soft drinks are most frequently implicated in injuries,
usually lacerations, although this may be due to the high
number of units consumed (thousands of millions in the
US). The high ranking of infant foods may be due to
differential reporting rates, as parental concern raises
“outrage” levels. Laceration is the most common injury,
followed by gastrointestinal distress, and then damage to
teeth and fillings. Note that the largest category of food is
“others,” indicating the low-level, widespread occurrence of
this problem.

Source:Hyman, F.N., Klontz, K.C. and Tollefson, L. FDA surveillance
of the role of foreign agents in foodborne injuries. Public Health

Reports 108:54-59 (1993).

28
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Potential physical hazards

Possible Control Measures

Visual inspection
Filters or sieves
Metal detectors
Magnets

Separation by density

YV V V V V VY

Personnel precautions (hair net, gloves)

phchha 23 @

These hazards can be controlled by visual inspection; also,
physical differences are used as the basis for control by
automated monitoring devices commonly used in the food
industry. Food handlers as well as consumers must be alert
to possible hazards. Food handlers can take precautions,
such as removing jewellery and other objects which might
find their way into food, and by wearing appropriate clothing
when handling food. This can prevent injuries and protect
the food manufacturer against economic losses.

29
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Where hazards arise
in the food supply

L

Vehicle
emission

B |

Agricultural
practices

Cooking

Landfills

S

Industrial emissions
and effluents Distribution
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Crops and animals may be exposed to toxic substances due to
envionmental contamination of water, air and soil. In addition,
agrochemicals, such as pesticides, are widely used in most
countries. Food can also be contaminated during processing,
handling, storage, and preparation. Long-term, low-level
exposure to some chemical contaminants is associated with
serious disease, including neurological damage, birth defects
and cancer. Although rare, acute exposures to chemicals
through food have resulted in large-scale outbreaks, in some
cases with irreversible health damage and enormous economic
costs. Regular, accurate information on food contamination is
essential to reduce its occurrence and protect public health.
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Microbial ecology

Microbes are everywhere:

> Air

> Water

> Food

> Soil

> Humans

(e.g. gut, nose, skin)
» Surfaces

Microbes are everywhere. Their rapid division allows them to
multiply to large numbers, and sometimes produce toxins.
Their small size and mass allows them to be transported
easily.

Certain organisms may be associated with niches where the

environment favours their multiplication. For example,
organisms able to withstand high temperatures are found in
hot springs, a habitat where most microorganisms could not
establish themselves. Some may also grow at low
temperatures.

Some are particularly ‘agile’. Gut organisms are found
predominantly in the gut and are spread through the faeces.
They can survive, and even multiply, outside the gut.
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The Salmonella (non typhi) cycle

Effluent, slurry and <
sludge
Slaughterhouses
Wildlife l
reservoirs
Human food
Animal
importation
Animal fe
Irann;?rc:]ratle? Meat / bone
vegetable [——*| meal, Ic:rled Offal
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One problem is that many of the organisms that interest us
are not restricted to a single habitat. Here we can see that
this causes a cycle of contamination, survival, multiplication
and spread in the environment.

This diagram shows Salmonella but it could also represent
many other organisms.

Although the organism may not be restricted in its ability to
grow, there are some places where it is particularly likely to
be found. We refer to these as reservoirs. The guts of
humans and animals are common reservoirs.

However, any warm place with sufficient nutrients and water
can become a reservoir.
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Transmission of Campylobacter

Some organisms such as Campylobacter may survive, but do
not grow easily outside their niche. Thus, the number of
potential reservoirs is restricted. This has implications for
intervention measures.

Campylobacter requires special conditions: a low oxygen
level, a temperature >30°C and some special nutrients. It is
probably a natural resident of the gut of birds. Poultry is a
major reservoir for pathogenic campylobacters.

Although it normally does not grow in the environment or in
foods, it can survive and seems to have a low infectious
dose. We shall see later that this may contribute to the
increasing incidence of infection with this organism.
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Raw materials will have a

normal flora
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Meat

Poultry

Fish and shellfish

Cereals and pulses

Milk

Egg products
Vegetables, fruits and nuts
Spices

Oils and fats

Water

@

Many raw materials, each with an associated normal flora,
are used as foods or for making foods. Pathogens may enter
the food, either due to the way they are produced or by being
transferred from the animal of origin. In certain cases,
pathogens may almost be considered part of the normal flora,
e.g. Campylobacter in chickens.
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Importance of raw materials

Meat and meat products
Poultry and poultry products
Fish and shellfish

Milk

Eggs and egg products
Vegetables, fruits and nuts
Cereals and pulses

Spices

Oils and fats

Water
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Some raw materials on this list are more important than
others in relation to food safety. Products of animal origin are
particularly likely to carry foodborne pathogens.

Cereals and spices can have pathogens associated with
them. Some have been directly implicated in foodborne
disease outbreaks: for instance, rice (Bacillus cereus),
pepper, and paprika (Salmonella).

Oils and fats have an impeccable safety record as far as
biological contamination is concerned.
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Potential hazards
in meat and meat products

Salmonella

Staphylococcus aureus
Yersinia enterocolitica
Clostridium perfringens
Clostridium botulinum
Pathogenic Escherichia coli
Listeria monocytogenes
Parasites

s @w

vV V V V V V VY V¥V

Pathogenic microorganisms are often associated with meat
and meat products.

This is because the gut is the major reservoir for many
pathogens. Husbandry and rearing practices contribute to
contamination; for example, in industrialized countries, the
use of animal feeds made from rendered animal by-products
such as bone meal and fish meal. The use of vegetable-
based feeds made from soy and other oilseed press-cakes
has also contributed to the problem.



