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identification. The interactive character of the identification procedure is based on the
use of various knowledge sources. Combination of knowledge sources, expressed in the
use of knowledge rules, supports the user in systematically selecting hazards which
may indeed cause harm to the consumer.
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Figure 1. Schematic representation of the hazard identification procedure (Van Gerwen et al, 1997)-

The hazard identification procedure is shown in Figure 1. Starting point of the hazard
identification procedure is a list of microorganisms that are known to be pathogenic to
man. Currently, the list contains about 200 names of pathogens. Then three options ca*1
be selected:
1. Rough hazard identification. The rough hazard identification selects pathogens th*
were reported to have caused foodborne outbreaks in the selected food product in the
past. These pathogens are the most obvious since they have caused health problems via
the specified product whereas other pathogens did not.
2. Detailed hazard identification. The detailed hazard identification selects pathogens tha
have been reported as being present in the ingredients of the specified product.
3. Comprehensive hazard identification. The comprehensive hazard identification identify5
all pathogens as hazardous. It is based on the idea that everything is everywhere. By thij
means, pathogens that unexpectedly recontaminate the product can be included, a*1
potential future problems can be evaluated.
First, the level of least detail should be used to determine the most obvious hazards. If risks &
the most obvious hazards were shown to be acceptable, moredetailed hazard identifications
be performed. The process of consecutively using the levels of detail is illustrated in Figure 2-
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Table 1
Some examples of the knowledge rules in the hazard identification procedure (Van Gervven
et al, 1997)
Type 1: Rules concerning survival of pathogens:
If pasteurisation occurs in the production process: remove all vegetative
bacteria that contaminated the product before the inactivation
If sterilisation or radappertisation occurs in the production process: remove all
pathogens that contaminated the product before the inactivation
If drying occurs: remove Campylobacter spp. and Vibrio spp. that contaminated
the product before drying.
Type 2: Rules concerning general pathogen characteristics:
Remove exotic pathogens that are not by nature present in your region. For the
Netherlands these are: Coxiella burnetii, Francisella tularensis, Vibrio
parahaemolyticus, Vibrio vulnificus.

Remove micro-organisms of which foodborne pathogenicity is uncertain, for
example: Aeromonas caviae, Aeromonas hydrophila, Bacillus anthracis,
Brucella spp., Brucella canis, Campylobacter fetus subsp. fetus, Citrobacter spp"
Helicobacter pylori, and others.
Remove pathogens that rarely cause problems in man, for example: Brucella
canis, Listeria seeligeri, Pseudomonas cocovenenans, Streptococcus bovis and others.

Type 3: Rules concerning growth opportunities of pathogens:
Remove pathogens that, according to their growth characteristics (based on pH/
temperature, and water activity), cannot grow or produce toxin in the end
product, except for Salmonella spp., Listeria spp., Shigella spp. and others.
By using all types of rules, pathogens are selected that are potentially present and able
to survive in the end product, and that are likely to cause health problems as a
consequence of consuming the end product. For these pathogens it is important to
perform risk assessments. If a first strict analysis to determine the most obvious hazards
does not result in an answer, a less strict procedure is the next step. The user is free to
choose which types of knowledge rules are used in the hazard identification, as there Is
no rank order of significance for the types of rules. Multiple runs using various option®
are necessary to reveal possible problems.
The result of the changing step is a practical list of pathogens, being the hazards f°r
which risk assessments for a specified product have to be performed.
Decision supporting identification system for microbial hazards
For practical use it is very convenient to implement the interactive procedure into ®
decision support system. The literature and expert knowledge used in the hazard
identification are captured in three databases: a food database, a pathogen database, and
a knowledge database.
The computer program starts with selection of a product and product characteristic5'
and with construction of a process flowsheet. After this, the user must choose a level oi
detail for which the hazard identification procedure will be performed. A list oj
pathogens is the result of this first selection procedure. The list can be modifie^
according to the useris demands. There are several options of changing the list: add
pathogens, remove pathogens, and apply knowledge rules. Addition and removal of
pathogens are purely based on the useris expertise. Knowledge rules can be used if the
user needs support in shortening the list. The user decides which types of knowledge

67

****** he uses. The k
,
" "
~~
5Pproprjate g arrpr,^;6^^6, mîes belonging to the chosen types appear one by one if
e outcomes arp a 3 °j°, a knowledge rule/ pathogens are deleted from the list,
eriv^
etching cjata
by matching data from the databases. The process of
growth characterisHrcfrn"
i Zwietering et «I- (1992). If, for example, selection on
- ®Pr°duct iry ^ fnn.Y^e, knowledge rule) is performed, the physical properties of
are matched to the growth characteristics of pathogens
•j^the pathogen database9
result of tl. .
acc°rding t the um»r 6 a a?ar<^ identification procedure is a list of pathogens, that,
Q
311
e information from the databases, are hazardous.
^
most obvious ^Cat'°r Proce<^ure applied to vacuum packed cooked potatoes
hazard identt^f •S
vacuum packed cooked potatoes were identified by the
Pr°olerrvs in the oa t ,catlon- Clostridium botulinum type A is reported to have caused
e risk of this nfn,S m v.acuum packed cooked potatoes. It is prudent to first evaluate
n
bailed ha£ard ?°gen m.Ae Process^ c°ntairiinatl ?^^Ca^on was based on the ingredients potatoes and water (water
e Potatoes during washing). 33 pathogens were selected to be
Potentially pre
tth the pathoepn ^ 8 ^n§rec*ients- Since this list is quite large it is useful to first start
,s- APpIication ï' are moSt likeIy to cause problems, by means of the knowledge
es resulted in a ?' hfG * m^es resulted in a list of 9 pathogens, application of type 2
^ pathogens p S °
pathogens, and application of type 3 rules resulted in a list
Potatoes is 6 5 . n°r aPP'ication of type 3 rules it was assumed that the pH of cooked
Water activity is 0.98 ± 0.01, and the temperature is 6 ± 1 °C,
Quoting that th
'
Ctlvi
0
065
•
ty are usedV"* ^ 3re store(^ chilled. The ranges in pH, temperature, and water
-®cc«racies in d f° co.mPensate ^or uncertainties in pH, T, and aw of the product and
L,e Pathogens left eTJmnm&
minimal pH, T, and aw at which growth can occur.
ulinum typ g ,3 ter application of all knowledge rules are Bacillus cereus, Clostridium
e
Posent, and are /"on"Proteolytic), type E, and type F. The four pathogens left can be
ealth problems 610 surv*ve
grow in the product. Moreover, they may well cause
j, P°rtant to nerf38 3 rfsu^
consuming cooked potatoes in practice. Therefore, it is
s remarkable
assessments for these three pathogens.
r/
eVant pathoee
3t
str^um botulinum type A, which was identified as the most
j
i
a
1 types of know?' ^aS n0t identified in the detailed hazard identification, when using
a?;ard identificaf;6 ^ ru^es" Clostridium botulinum type A was identified in the detailed
3 knowlede °n.as Present on the ingredients, but it was removed from the list by
Vacu
te
urrt
h eS' ^ fact is that Clostridium botulinum type A is not able to grow
Iïl
>er
rp ^ ature of 7 or Cookec^ potatoes under normal conditions, in this case at a
^Portej outbre V lts minimum growth temperature was reported to be 10 °C. The
sp^P^atures hio-h °/ botulism was most probably caused by abuse storage at
e
S er than 10 °C. This type of problem can be identified in various failure
to ^i°s.
identify possib)3111^ u C'ear^ shows the need to perform all kind of failure scenarios
sa/ every selecte^lf
^ ar"^ main determining parameters.
azarc
pp
problems L.
' it can be estimated whether it really is likely to cause food
r 0rnied in these fi j^Posure and dose-response analysis. Studies are momentary
0iUgh

^ÏÏTse

lo\vs
tackI^etKUre ^°r c3Uantitative risk assessments has been developed, which
0
Oi?
^' The sf
• m°St re*evant problems first, before focusing on less relevant
e
VV,se
aPPr°ach is necessary in the complex field of food safety.
^titative r;s? P
assessments start with identification of the hazards. A procedure has

68

therefore been developed to systematically identify relevant hazards at three levels of
detail. The levels of detail provide a way to first identify the most obvious hazards. If
risks for the most obvious hazards are shown to be acceptable, more detailed hazard
identifications must be performed. If detailed hazard identification results in an
unpractically long list of selected hazards, literature and expert knowledge can be used
for well-founded reduction of the list. These knowledge sources are captured in
knowledge rules. The knowledge rules are clearly defined in the hazard identification
procedure, which makes the procedure clear. By this clear definition, the knowledge
rules can be criticised, and changed if necessary. The user decides which knowledge
rules should be applied. The combination of knowledge sources (literature, expert, user)
makes the procedure interactive. The interactive character of the procedure implies that
the procedure does not give definite answers on microbial hazards in food products. The
hazard identification procedure is therefore best used by experienced microbiologists,
who are supported in their decisions by the best use of literature and expert knowledgeBy this, the most relevant hazards in a product are assessed efficiently, at three levels of
detail.
The hazard identification procedure has been implemented as a computer programThis has resulted in a decision supporting identification system. The hazard
identification procedure will be part of the procedure to systematically perform
quantitative risk assessments for food products. Currently we are developing the other
steps for quantitative risk assessment and implementing this into computer based
systems. These developments will result in a decision support system for quantitative
risk assessments.
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