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DIRECTIVE PRODUCTS MICROORGANISM LEVEL (per g or ml uoless 
otherwise specified) 

STATUS/ACTION 

Natunl minenl waten 8OfT77IEEC MincnI water lit soura: IIIld thereafter, up to 
and including the point ofsale 

Colifonns Absent in 250m1 Must meet this stlllldard 

· · E.scMrlchilz coli Absent in 250ml Must meet this standard 

· · Faecal streptococci Absent in 250m! · 
· · Pseudomonas Q(!rugin06O Absent in 250ml · 
· · Sporulated sulphite reducing anaerobes Absent in 50m! · 
· Mineral water lit soura: Aerobic plate count (37"C, 24h; 20­

22"C,72h) 
Normal for the soura: · 

· MincnI 'WIlla lit source (within 12 hours after 
bottling; water maintained lit 4"C:to I"C) 

Aerobic plate count (37°C, 24 hour) <or=20 · 
· · Aerobic plate count (20-22"C. 72 hour) <or-IOO · 
· Mineral water Pathogenic microorganisms Absent · 
· · Parasites Ab5cDt · 

Qnlity of water Intended for buman 
cOOJumption 8OfT18IEEC 

Drinking water in containers (not mincral 
water) 

Total coIifonns Absent in lOOml Must meet this standard 

· · FIICCa1 coIifcnns Absent in lOOmi · 
· · Faecal streptococci Absent in lOOml · 
· · Sulphite reducing clostridia Absent in 20m! · 
· · CoIooy count (3~' 

Colony count (22"C) 
(meIISUR within 12 hours ofbott\ing; 
umple water to be kept lit a constant 

<or=2O 
<or=IOO · 

· · Colony count (sampled between 12 hours 
after boUling and point ofsale) 

Any iJK:mJse shall not be F*" than 
expected · 
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DIRECTIVE PRODUCTS MICROORGANISM LEVEL (per g or ml unless 
otherwise specified) 

STATUS/ACfION 

Compulsory crilCria; Vllues >M Ire 
IIIISldisfaclory (M -lICCCpbbility 
threshold IIbove which rr:sWts Ire no 
Jansa- considered 58lis&ctory wheR M-
10m (solid medium) or 30m (liquid 
medium). S - the miaobic limit value It 
which product mllSt be CXlIISidered toxic 
ortainuld. 

. 

. 

Minced meat aDd meat prepantioas 9416S1EC Minced IIIClll Aaobic mesophilic baeteria IIFSoo 000, M-S 000 000, 
S - SOO 000 000. n-S, e-2 

· · EsdIerldlia coli m=SO, M=SOO, ....s, 1:'=2, 5=50 000 

· · SttlphyIOCOCCIU GIImU m=loo, M-S 000, n-S, e-2, 5=50 000 

· · SaImDneIltI Absent in 109, n-S, c:-o Unacc:eptabIe ifany SlIIlpIe shows 
pn:salCe in lOR 

· Meat pIqlII1Itions &druk::ItIa coil (solid media) 
&cIrerlt:IrIa coli (liquid media) 

DFSOO, M"'S 000, ...s, e-2 
m=SOO, MooIS 000, ...s, e-2 

CornpuIscry c:riaia; VIIues >M lie 
WISIlisfadocy 

· · ~ t.IIftUI (solid mcdim:n) 
~GIImU (liquid mccIium) 

m-SOO, M-s 000, n-S, c;-l 
m-SOO, M-lS 000, ...s, c;-I 

. 
· . SaImDneIltI IIbsa1t in II. ...s, Cl"'O Uuc~ ifany ..... shows 

paencein II 

~ 
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APPENDIX 
Specific organisms and the principles 
of test methods 

Aerobic plate count 
Enumeration of microorganisms by the aerobic plate 
count is one of the most common methods used to 
indicate the microbiological quality of a food. It can 
indicate whether a product has been contaminated, 
temperature abused or spoilt. The temperature and 
length of incubation should be defined. The most 
common incubation regime is 30°C for 48 or 72 
hours for mesophilic organisms, but other tempera­
tures and times may be more appropriate e.g. 55°C 
for 48-72 hours for thermophilic organisms or 
20-25°C for up to 5 days for psychrotrophic 
organisms. Different temperatures of incubation 
will lead to isolation of different flora; many organ­
isms that develop during chilled storage for example 
will not grow well above 30°C, and so a lower 
temperature of incubation is preferable i.e. 20-25°C. 

Consideration should be given to the method 
used for performing an aerobic plate count. Pour 
plate methods are frequently specified, but microor­
ganisms commonly found in foods may be injured by 
the temperature of the molten agar used especially 
if they are already stressed. In these circumstances, 
surface inoculation methods may be preferable. 

Anaerobic plate counts can be used for foods that 
provide anaerobic conditions for microbial growth 
e.g. processed cheese and vacuum packed products. 

Aeromonas hydrophila and related species 
The role ofAeromonas in causing food poisoning has 
not been clearly established, but some strains of 
certain species are thought to be capable of causing 
diarrhoea. They are aquatic organisms but have 
been isolated from many foods. Aeromonas spp. grow 
at refrigeration temperatures. Enumeration tech­
niques on solid media and enrichment methods to 
establish presence or absence are both appropriate. 
This group of organisms is not normally included in 
microbiological specifications. 

Bacillus cereus and other Bacillus species 
The members of the Bacillaceae produce spores as 
well as vegetative cells. The spores can survive 
adverse conditions such as drying and pasteurisa­
tion. These organisms are common in the environ­
ment and in many foods. Some strains produce 
enterotoxins if allowed to grow, for example Bacillus 
cereus in rice dishes and high moisture flour 
products and members of the B. subtilis - licheni­
{ormis group in meat and pastry products and meat 
or seafood rice dishes (Kramer & Gilbert, 1989). The 
emetic toxin of B. cereus is particularly heat 
resistant (l26°C for 90 minutes) whereas the 
diarrhoeagenic toxin is inactivated by exposure to 
56°C for 30 minutes. High levels (>105 per gram) are 
necessary to produce enough toxin to cause 
illness. Bacillus species can also cause spoilage. 

Recovery and enumeration of Bacillus species 

can be accomplished on many media, but media 
designed specifically for presumptive enumeration 
of B. cereus are usually used. These media may 
allow resuscitation, growth from spores and 
presumptive identification of B. cereus if present. 
Atypical strains of B. cereus can occur and could 
lead to a false negative result. In some circum­
stances mesophilic or thermophilic spore counts 
may be required; methods incorporate heat treat­
ment of the sample prior to spore enumeration at 
appropriate temperatures. Biochemical tests 
(including ammonium salt sugars (glucose, 
arabinose~ mannitol and xylose) and a nitrate reduc­
tion test) can be used to distinguish the most com­
mon food poisoning Bacillus species (Roberts et ai. 
1995). 

Campylobacter species 
Campylobacter jejuni and other thermotolerant 
campylobacters are some of the most common caus­
es of diarrhoea but the routes of transmission are 
still unclear. Campylobacters are found in the 
intestinal tracts of many animals, especially poultry 
and birds, and can therefore contaminate natural 
water and raw milk as well as meat and poultry. 
These organisms have fastidio~s temperature and 
atmospheric requirements for growth. They do not 
grow in foods under normal storage conditions. As 
the infectious dose is low, the presence of low num­
bers in ready-to-eat foods is significant. Where 
detection is required, enrichment methods and 
selective agars are used for their isolation. 

Clostridium per(ringens and sulphite reducing 
clostridia 
Clostridium perfringens is a spore-forming anaerobe 
commonly found in mammalian faeces and soil. The 
spores persist in the environment and often 
contaminate raw food materials. Spores may survive 
cooking and rapid growth may occur if the food is not 
chilled promptly. If large numbers of the organism 
are eaten in a food, they can sporulate in the gut and 
produce an enterotoxin which causes diarrhoea. 

Isolation of C. per{ringens on solid media 
requires anaerobic conditions of incubation, and 
usually the use of selective agents, followed by 
confirmation of suspect colonies. Vegetative cells of 
C. per{ringens do not survive well in foods at low 
temperatures, and spore counts may be more appro­
priate on such foods. 

The sulphite reducing clostridia (SRCs) include 
the pathogens C. perfringens and C. botulinum (the 
causative organism of botulism). The SRCs may be 
used as an indicator of plant hygiene and for the 
presence of other clostridia that may cause food 
poisoning or food spoilage. There are no routine 
laboratory tests for confirming the presence of 
C. botulinum. 

Coliforms, faecal coliforms and Escherichia coli 
Coliforms were one of the first groups of bacterial 
indicators used in the water and dairy industries. 
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They are those members of the Enterobacteriaceae 
that ferment lactose, and include Enterobacter, most 
Escherichia, Klebsiella and Citrobacter. These 
organisms are not exclusively of faecal origin. 
Thermotolerant coliforms are those coliforms that 
can multiply at 44°C. This group includes E. coli 
types I and II and occasional strains of Klebsiella 
and Enterobacter. Most faecal coliforms are also able 
to multiply at 44°C and in practice the terms 'faecal' 
and 'thermotolerant' are used synonymously. 

Absence of E. coli is normally required in 
processed foods, and so a detection method or MPN 
method is required to detect low levels. Direct 
enumeration methods for coliforms and E. coli may 
be more suitable when contamination might be 
expected e.g. raw meats. Caution should be used in 
comparing results obtained by different methods 
and it is important to clearly define the target 
organism(s) and method used. 

Whilst the presence of E. coli in food is generally 
undesirable because it indicates poor hygienic 
conditions, certain serotypes are pathogenic and 
may cause gastroenteritis. Serotyping ofstrains nor­
mally requires specialist facilities. 

Verocytotoxin-producing strains ofE. coli (VTEC) 
e.g. E. coli 0157 may be particularly virulent and 
can cause symptoms ranging from mild diarrhoea to 
severe bloody diarrhoea (haemorrhagic colitis), 
sometimes progressing to haemolytic uraemic 
syndrome (HUS) and kidney failure. Because of the 
increasing significance ofVTEC strains in foodbome 
gastroenteritis, specific methods are being 
developed for their detection. Selective agar media 
currently used for the isolation of E. coli 0157 are 
based on this strain's inability to ferment sorbitol 
(most other members of the E. coli group are able to 
ferment sorbitol). Conventional methods used for 
E. coli isolation are usually unsuitable for this 
serotype because 'of its poor growth at 44°C and 
absence of glucuronidase activity. 

Enterobacteriaceae 
The family Enterobacteriaceae includes bacteria 
that naturally inhabit the mammalian gut but can 
also occur and multiply in other environments e.g. 
species of Escherichia, Citrobacter, Enterobacter, 
Proteus, and also some ofthe most important enteric 
pathogens such as Salmonella spp., Shigella spp., 
Yersinia enterocolitica, and pathogenic E. coli. 
Enterobacteriaceae are useful indicators of hygiene 
and of post-processing contamination of heat 
processed foods. Detection methods are usually 
based on direct enumeration using media containing 
bile salts and glucose. 

Enterococcus species I faecal streptococci 
The enterococci, which include faecal streptococci, 
survive and grow well in factory environments. 
Because they are more resistant to heat and adverse 
conditions than the Enterobacteriaceae, they are 
used as hygiene indicators, particularly in dried 
products and frozen foods. Methods for the 

detection of enterococci usually involve isolation on 
selective agar. 

Lactic acid bacteria 
This group includes bacteria capable of producing 
lactic acid from fermentable substrates. Some 
strains grow poorly in aerobic conditions. Genera 
commonly found inion food include Lactobacillus, 
Pediococcus, Leuconostoc, Lactococcus and 
Streptococcus. They are ubiquitous in the environ­
ment and are notable for their ability to grow at low 
pH levels. Starter cultures for fermented foods such 
as cheese and salami commonly include this group of 
organisms, and so their presence in high numbers 
should be expected. However, in some foods they 
may cause spoilage. Direct enumeration methods on 
solid media are usually used to detect these 
organisms. 

Listeria monocytollene. 
Listeria monocytogenes is a foodborne pathogen 
causing the disease listeriosis. The organism is 
ubiquitous in the environment, and scrupulous 
hygiene is required to minimise its presence in food 
production premises. It is not yet clear how many 
organisms are required to cause illness, but as the 
organism is able to grow at refrigeration tempera­
tures, its absence or very low levels in ready to eat 
foods is desirable. Although the other members of 
the Listeria group rarely cause illness, they are 
often used as an indicator for the presence of ~ 
L. monocytogenes. , 

Detection (presence/absence) tests for Listeria 
species involve selective enrichment followed by 
subculture to selective agar. Enumeration ofListeria 
is usually performed on solid selective media. 

Protozoan parasites 
The most important waterborne or foodborne 
protozoan parasites which infect humans are 
Cryptosporidium parvum, Giardia intestinalis 
(lamblia), Sarcocystis spp. and 'lbxoplasma gondii. 
Transmission of Giardia and Cryptosporidium is 
mainly by ingestion of contaminated water, but 
contamination of food and person-to-person 
transmission can also occur. For the detection of 
these parasites in water, methods involving concen­
tration by filtration of large volumes (>50 litres) of 
water are required; methods for detection in food are 
poorly developed. 

Transmission of Sarcocystis results from 
ingestion of raw or undercooked meat containing 
mature cysts; these may be detected by the naked 
eye or microscopic examination of histological 
sections. The main host of 1bxoplasma gondii is the 
cat which excretes oocysts into the environment. 
These can lead to infection in food animals. 
Ingestion of raw or undercooked meat may cause 
infection as may direct contact with infected cats 
and consumption of contaminated water. These 
parasites are rarely sought in food and water unless 
they are implicated in illness. 
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Intemational specifications for bottled waters 
may require absence of parasites, but examination 
of potable water used in the food industry for the 
presence of parasites is carried out infrequently. 

More recently, a large outbreak of diarrhoeal 
illness in the USA was diagnosed as infection with 
Cyclospora cayetanensis; a coccidian parasite 
believed to have been associated with consumption 
of fresh fruit. 

Human infection by parasites carried on foods or 
in water is ofgrowing concem and because infection 
may possibly be caused by ingestion of very few 
infective units, strict codes of hygiene control in 
growing and harve,sting areas are most important. 

pseudomontJll species 
Pseudomonas species are ubiquitous in the environ­
ment and water, and some species are psychrotroph­
ic. Pseudomonas aeruginosa is of clinical signifi­
cance as an opportunistic pathogen but has rarely 
been implicated in gastroenteric infection. Other 
pseudomonads are significant in food spoilage, 
particularly in chilled food. Levels higher than 107 

cfu/g or ml of food may result in off flavours, off 
odours and visual defects. Direct enumeration meth­
ods on selective solid media are used. 

Salmonella species 
Salmonella spp. are organisms of faecal origin, and 
the majority of species are regarded as potentially 
pathogenic to humans. These organisms survive and 
may grow well in factory environments. Salmonella 
spp. cause significant numbers of food poisoning 
cases each year. Classical methods for detection of 
Salmonella spp. involve testing a defined amount of 
food, usually 25g. This quantity should be increased 
for food products for which increased test sensitivity 
is required e.g. some dried foods, or if the food is 
destined for a susceptible population e.g. baby foods. 

Methods must be capable of detecting low levels 
of Salmonella spp. in the presence of high levels of 
background flora. Traditional procedures used to 
achieve this are lengthy, and typically involve a 
pre-enrichment resuscitation stage in a non-selec­
tive medium, enrichment in selective media, and 
subculture to solid selective media. Atypical (and 
rare) lactose-fermenting Salmonella spp. may not be 
detected by many common test methods. No single 
medium or method is optimal for growth of all 
serotypes of Salmonella; two formulations of enrich­
ment and solid selective media are often used in 
industry. Biochemical and serological confirmation 
of suspect colonies are required. 

More rapid methods have been developed for 
screening out negative samples and automating the 
procedures, which should be assessed by each 
laboratory for the types of foods that they are 
required to examine. 

Shigella species 
Shigella species are members of the 
Enterobacteriaceae. They are highly infectious 

enteric pathogens, easily spread by the faecal-oral 
route. The infective dose is known to be very low so 
enrichment methods of detection are used for 
isolation. Food may be contaminated by food­
handling personnel or by contaminated irrigation 
water. Foodborne illness due to Shigella is 
relatively uncommon in the UK and Shigella species 
are rarely included in microbiological criteria. 

Staphylococcus aureus 
Staphylococcus aureus (S. aureus) may be associat­
ed with the skin, nose and throat of healthy 
individuals as well as being the cause of boils and 
many skin and wound infections. Given suitable 
conditions iUs capable of growth in foods, and some 
strains may produce a heat-stable enterotoxin. It is 
used as an indicator of general hygiene and 
adherence to good food handling procedures. Its 
presence, particularly in high numbers (>10· per 
gram), indicates the potential presence of enterotox­
in and a consequent risk of food poisoning. If poor 
temperature control allowing growth has occurred 
prior to heat treatment, then the enterotoxin may 
remain despite the absence of viable S. aureus cells. 
S. aureus is normally sought by direct selective 
enumeration. Methods are also available for the 
detection of staphylococcal enterotoxin. 

Vibrio parahaemolyticuB and other Vibrio species 
Vibrio parahaemolyticus is a marine organism 
capable of causing profuse diarrhoea and is most 
often associated with seafood and shellfish from 
warm waters. The infective dose is not known; high 
numbers e.g. >102 per gram are regarded as 
unacceptable. Enrichment methods are normally 
used for their isolation although enumeration can be 
useful. V. cholerae is the causative organism of 
cholera and is usually transmitted via contaminated 
water and the faecal-oral route. The organism is not 
usually sought except in response to specific public 
health concerns. A number of other species of Vibrio 
are of pathogenic significance e.g. V. vulnificus, and 
also appear to be associated with consumption or 
handling of seafood. The presence of vibrios in 
cooked seafood indicates either inadequate heat 
treatment or post-processing contamination. 

VJ.rUses 
Foodbome viral illness is caused mainly by small 
round structured viruses (SRSVs also known as 
Norwalk-like viruses) which cause gastroenteritis; 
and hepatitis A, which causes infectious hepatitis. 
Viruses cannot grow in foods, but the infectious dose 
of these viruses is very low. Primary contamination 
of the food at source is caused mainly by polluted 
water. Consumption of molluscan shellfish harvest­
ed from sewage polluted waters has been implicated 
in many outbreaks of gastroenteritis; contaminated 
soft fruits, vegetables and salad items which do not 
receive a heat process may also cause illness. 
However, most viral foodbome illness results from 
secondary contamination of food by infected food 
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handlers during preparation of items which do not 
receive further heat treatment. Detection of viruses 
in food may be achieved using complex extraction 
methods and cell culture or the polymerase chain 
reaction (PCR), but these techniques are not 
suitable for routine screening and microbiological 
specifications for foods rarely include viruses. 

Yeasts and moulds 
The yeasts are a common cause of food spoilage, 
particularly of acid foods such as fruit and fruit 
juices, and foods of reduced water activity (aw) such 
as confectionery. They have not been implicated in 
food poisoning. Moulds are also a significant cause of 
food spoilage, and some strains are able to grow at 
very low aw values e.g. 0.6-0.7, causing spoilage of 
otherwise microbiologically stable commodities such 
as bakery goods. Although moulds do not cause food 
poisoning, some strains are able to produce 
mycotoxins which can cause serious chronic illness if 
consumed. 

Moulds can rarely be successfully enumerated 
when growing in foods. A focus ofmould growth may 
consist either of hyphae or of hyphae producing 
spores. 'Counts' obtained from hyphae will vary 
depending on the degree of fragmentation caused by 
macerating the sample and can range from tens to 
many hundreds per gram. If spores are present, the 
'count' may rise to millions per gram. In these 
circumstances, 'counts' are usually meaningless. 

Selective agars are commonly used for the 
detection of both yeasts and moulds. 'The brewing 
industry use specific agars for detecting 'spoilage 
yeasts' . Surface inoculation methods of enumera­
tion are preferable to pour plate methods because of 
the need to maximise aerobic conditions for mould 
growth and to enhance colony morphology for iden­
tification purposes. Incubation is normally lengthy 
and can take 5 days (or considerably longer for 
xerophiles) to obtain a result. 

Standard enumeration tests are inappropriate 
when the significant organism is present as a very 
low proportion of the contaminant flora e.g. heat 
resistant moulds on fruit; or when significant 
contamination is below the detection limit of the 
method e.g. a few yeasts in a 200 litre drum of fruit 
juice concentrate. In such circumstances and if 
deemed necessary, enrichment or concentration 
procedures may be employed for detecting relevant 
organisms. . 

Ye",inia enterocolitica and related species 
Yersinia species are also members of the 
Enterobacteriaceae, and are capable of psy­
chrotrophic growth. Yersinia enterocoUtica and 
related organisms are widely distributed in animals 
of all types and are found in many environments. 
The recognised pathogenic serotypes belong to 
Y. enterocolitica and are mainly associated with pigs. 
These strains can cause gastroenteritis and many 
other symptoms. The infectious dose is not known; 
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however presence of pathogenic serotypes should be 
regarded as potentially hazardous. Other serotypes 
and species have been found in a wide variety of 
foods, and their presence in heat processed foods 
indicates post-processing contamination. Isolation is 
usually accomplished using enrichment methods. 
This organism is not normally included in microbio­
logical criteria. 

Glossary of terms 

Commercial sterility· A stable product condition 
in which no mic!,obial growth occurs under 
ambient storage conditions. 

Fo3 - A heat process of 121.1°C for 3mins or an 
equivalent heat process (designed to achieve a 
12 log cycle reduction in C. botulinum.) 

Pasteurisation - A form of heat treatment that 
kills vegetative pathogens and spoilage microor­
ganisms in milk and other foods e.g. for milk a 
common pasteurisation process is 71.7°C for 
15 secs. 

Psychrotrophic • Organisms that can grow at 
temperatures as low as minus 5°C but which 
have an optimum growth temperature in the 
mesophilic range (20·30°C). 

Thermisation - A mild heat treatment (57-68°C 
for 15 sec) applied to raw milk to extend its 
storage life prior to use in further processing 
- usually into cheese. 

Sous vide - Usually composite foods pasteurised 
in a vacuum pack intended for catering outlets. 
Such products are often given an extended shelf 
life at refrigeration « or =2°C) temperatures. 

Verocytoxigenic - Organisms which produce a 
toxin capable of killing vero cells which is an 
established cell line derived from Mrican Green 
Monkey kidney. 

Ultra Heat Treatment - A high temperature 
heat treatment (138-142°C for 2-5 secs) applied 
to liquid foods usually followed by aseptic 
packaging for the production of long life ambient 
stable products. 

Water activity (aw) • A measure of the avail­
ability of water for the growth and metabolism of 
microorganisms. It is expressed as the ratio of 
the water vapour pressure of a food or solution to 
that of pure water at the same temperature. 
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