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A B S T R A C T

In the last decades the microbial food safety community has developed a variety of valuable knowledge (e.g.,
mathematical models and data) and resources (e.g., databases and software tools) in the areas of quantitative
microbial risk assessment (QMRA) and predictive microbiology. However, the reusability of this knowledge and
the exchange of information between resources are currently difficult and time consuming. This problem has
increased over time due to the lack of harmonized data format and rules for knowledge annotation. It includes
the lack of a common understanding of basic terms and concepts and of a harmonized information exchange
format to describe and annotate knowledge. The existence of ambiguities and inconsistencies in the use of terms
and concepts in the QMRA and predictive microbial (PM) modelling necessitates a consensus on their refine-
ment, which will allow a harmonized exchange of information within these areas. Therefore, this work aims to
harmonize terms and concepts used in QMRA and PM modelling spanning from high level concepts as defined by
Codex Alimentarius, Food and Agriculture Organization (FAO) and World Health Organization (WHO), up to
terms generally used in statistics or data and software science. As a result, a harmonized schema for metadata
that allows consistent annotation of data and models from these two domains is proposed. This metadata schema
is also a key component of the Food Safety Knowledge Markup Language (FSK-ML), a harmonized format for
information exchange between resources in the QMRA and PM modelling domain. This work is carried out
within a research project that aims to establish a new community resource called Risk Assessment Modelling and
Knowledge Integration Platform (RAKIP). This platform will facilitate the sharing and execution of curated
QMRA and PM models using the foundation of the proposed harmonized metadata schema and information
exchange format. Furthermore, it will also provide access to related open source software libraries, converter
tools and software-specific import and export functions that promote the adoption of FSK-ML by the microbial
food safety community. In the future, these resources will hopefully promote both the knowledge reusability and
the high-quality information exchange between stakeholders within the areas of QMRA and PM modelling
worldwide.

1. Introduction

The management of microbiological safety of food products is a
significant challenge on a global scale. Different factors contribute to
this, such as the increased globalization of the food sector (Ercsey-
Ravasz et al., 2012); changes in food consumption patterns
(Jacxsens et al., 2010) (e.g. increased demand for minimally and/or

organic processed foods) and in food preparation practices (e.g. trend of
requiring better quality, fresher food and more ethical food production
practices (Ragaert et al., 2004)); increased resistance of some micro-
organisms to certain interventions (e.g. through resistance against an-
tibiotics (Lammie and Hughes, 2016) or formation of biofilms
(Carpentier and Cerf, 2011)); and the introduction of new food pro-
duction technologies with unknown effects on the food microbiome
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(Fukuda, 2015; Motarjemi and Lelieveld, 2014).
To support the management of microbial food safety risk, it is im-

portant to generate new knowledge (e.g. data and mathematical
models) and resources (e.g. software tools and databases), as well as to
integrate, evaluate and apply previously generated knowledge and re-
sources (Membré and Guillou, 2016). The predictive microbiology
(Koutsoumanis et al., 2016) and quantitative microbiology risk assess-
ment (QMRA) (Membré and Guillou, 2016) communities have invested
great efforts and time to develop a rich variety of this knowledge and
resources (Tenenhaus-Aziza and Ellouze, 2015). However, their reusa-
bility and the information exchange between the resources may cur-
rently be difficult and time consuming (Plaza-Rodríguez et al., 2017).
This situation represents an obstacle for the performance of risk as-
sessment using the most up to date domain knowledge. Today several
predictive microbial (PM) software can export their predictions and
these can then, typically with some manual data handling, be used in
QMRA software tool like FDA-iRisk® (URL: https://irisk.foodrisk.org/).
This is for example relevant to assess safety of new or modified foods
where PM software can predict microbial responses based on essential
model input including product characteristics, storage conditions and
their variability (EC, 2005; Ross and Dalgaard, 2004). Clearly, it is
important to improve the transfer of predictions and models from PM to
QMRA software as this will timely facilitate risk assessment.

A consensus on definitions of QMRA and PM modelling terms, is an
indispensable first step in achieving efficient information exchange, and
will enhance transparency and confidence in the shared knowledge
(Plaza-Rodríguez et al., 2017). The second step would be the creation of
a conceptual framework to describe all necessary metadata on a piece of
knowledge. Etymologically, metadata is “data about data”. To facilitate
efficient exchange of data, QMRA and PM models, it is crucial to pro-
vide a structured set of metadata that can be used by modellers or data
providers to annotate their model or data set (Plaza-Rodríguez et al.,
2015). The metadata will define the extent to which existing knowledge
can be re-used in a transparent way. Allowing others, for instance, to
apply the model in the valid range of applicability and to correctly
interpret the model based prediction results. It further allows searching
and finding relevant models in model repositories, based on key words
and filter functions. A conceptual metadata framework can be re-
presented in the form of a metadata schema that may require a list of
controlled vocabularies for certain metadata concepts (Sowa, 2000).

This paper follows the metadata framework and aims to provide the
foundation for the harmonization of key terms and concepts and to
establish a conceptual framework for consistent annotation of knowl-
edge from the QMRA and PM modelling domain. The harmonized terms
are important for the creation of an open information exchange format
that we call Food Safety Knowledge Markup Language (FSK-ML).

2. Methods

The definition of relevant terms, concepts and metadata for the
QMRA and PM modelling domains were achieved through a series of
workshops and web meetings carried out over the course of the RAKIP
(Risk Assessment Modelling and Knowledge Integration Platform)
project that has been initiated and carried out by three European risk
assessment agencies: ANSES, BfR and DTU Food. The activity was
structured into three main phases. First, fundamental terms and con-
cepts relevant in the process of modelling and risk assessment were
identified and defined. Second, a list of metadata concepts were col-
lected, mapped and structured into a coherent metadata schema.
Finally each metadata concept was further specified by providing it's
cardinality, format, description and, if applicable, a controlled voca-
bulary.

2.1. Harmonization of terms and concepts

Terms and concepts describing the steps and entities in the risk

assessment model generation process including PM and QMRA model-
ling were discussed until consensus was reached, then they were de-
tailed in several schemata and in a glossary. In order to exploit syner-
gies with previous work and to avoid duplicities the international
recognized reports and guidelines from Codex Alimentarius, Food and
Agriculture Organization (FAO) and World Health Organization (WHO)
(Codex Alimentarius Commission, 1999; FAO/WHO, 2016, 2009, 2008,
2003) were used if possible. In the present paper, the terms defined in
the glossary and/or depicted in one of the schemata are shown in bold
and italic fonts the first time they appear in the text from this point.

2.2. Establishment of a coherent metadata schema

On the basis of a common understanding of the high-level terms and
concepts, a comprehensive list of metadata concepts was created that
allows to annotate with sufficient detail any type of model or data in
the QMRA or PM modelling domain. To accomplish this, at first, ex-
isting software tools like FDA-iRISK®, ICRA (Interactive online
Catalogue on Risk Assessment; URL: http://icra.foodrisk.org/) and
PMM-Lab (Predictive Microbial Modelling Lab, URL: https://
foodrisklabs.bfr.bund.de/pmm-lab/) were analysed on the metadata
required to annotate QMRA or PM data or models. In addition, other
relevant sources like Dublin Core Metadata Initiative (URL: http://
dublincore.org/), RIS format specifications (URL: goo.gl/AuPxQU) and
vCard data format (URL: https://tools.ietf.org/html/rfc6350) were also
explored. The collection of metadata concepts were then mapped, ex-
tended and structured into a consistent hierarchical metadata schema.
The complete set of metadata concepts will be referred to as the
“Generic Metadata Schema”. Sub-sets of this schema were then gen-
erated for data and the different model classes, i.e. predictive microbial
model, process model, exposure model, dose-response model, health
metric model, consumption model, other empirical model, risk char-
acterization model and QMRA model.

2.3. Detailing metadata concepts

Finally, for each metadata concept further details were specified, as
its cardinality, data type, description and if applicable a controlled
vocabulary. By provisioning the cardinality we implicitly defined which
metadata concept was considered as mandatory for the annotation of
data and the different model classes. The selection of controlled voca-
bularies for relevant metadata concepts was guided by the motivation
to re-use as many resources as possible that are already used by the
corresponding scientific community.

3. Results

3.1. Terms and concepts (phase 1)

Fig. 1 depicts the QMRA modelling process within the full risk
analysis process. A full risk analysis process integrates three compo-
nents: risk assessment (e.g. QMRA), risk management, and risk com-
munication (Codex Alimentarius Commission, 1999). A QMRA should
be initiated in response to a well-defined risk question formulated by
risk managers. The risk question determines the QMRA´s objective by
defining the hazard, the product or matrix, the relevant steps (ex-
posure scenario) and the target population (population group); all
forming the base for the construction of the QMRA model structure
(Fig. 1). The context, complexity and purpose of the risk question define
the scope, which may or may not involve a full risk assessment, the
methods and relevant tools (Dennis et al., 2008).

Based on the scope and available background knowledge the risk
assessor decides which risk assessment elements can be supported by
mathematical models, e.g. a dose-response model or an exposure
model. Once the model structure is defined, the risk assessor has to
define the model equations and parameters for the different model
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components and for this purpose, already existing background knowl-
edge and newly generated data (data collection) can be utilized. In an
iterative process the suitability of the selected model structure is eval-
uated against the available data and background knowledge.
Alternative model equations and/or data that better fits the require-
ments of the risk question may be explored and chosen. Besides an-
swering the risk question, the output of a QMRA model can be used to
identify data gaps, assess the probability of risk of an adverse health
outcome and assess the effects of interventions, or in a broader context,
alternative scenarios (Nauta, 2008).

Risk management at the governmental level is the process of
weighing policy alternatives, in consultation with all interested parties,
considering the risk assessment results and other factors relevant for the
health protection of consumers and for the promotion of fair trade
practices, and, if needed, selecting appropriate prevention and control
options (FAO/WHO, 2016). At the food industry level, risk manage-
ment includes a series of generic requirements that are included in
prerequisite programmes, such as Good Manufacturing Practices or
Good Hygienic Practices, GHP. Furthermore, food safety requirements
that are specific for an individual processing facility and for a specific
food product are included in Hazard Analysis Critical Control Points
(HACCP) systems (Buchanan and Whiting, 1998; Doménech et al.,
2008; Ryder et al., 2014). Risk communication is the interactive ex-
change of information and opinions concerning hazards, risks, risk-re-
lated factors and risk perceptions, among risk assessors, risk managers,

consumers, industry, the academic community and other interested
parties, including the explanation of risk assessment findings and the
basis of risk management decisions (FAO/WHO, 2016). In the context
of a full risk analysis, the focus of the present work is on the model
generation process within the risk assessment component.

3.1.1. Model generation process
The term model generation process refers to a process aiming at the

description of a system through mathematical concepts and/or soft-
ware. The model generation process is part of the general modelling
process that involves the model generation and its application. Fig. 2
illustrates the different steps within the model generation process for
QMRA, PM and other empirical model. Background knowledge, the
foundation for the model generation process, can be extracted from
different sources as detailed in Table 1 and in Bellet et al. (2012).
Background knowledge can be classified into different categories being
the data-driven knowledge (e.g. predictive microbiology data, food
consumption data) and model-based knowledge (e.g. PM models,
models from previous risk assessments).

Generation and application of PM and empirical models. PM models can
be based on common underlying mechanisms for example
thermodynamic constants as suggested for the effect of temperature
on growth rates (Corkrey et al., 2016; Ratkowsky et al., 2005).
However, most PM models are of a more empirical nature and

Fig. 1. The risk analysis process and the positioning of a quantitative microbial risk assessment (QMRA) modelling process.

L.U. Haberbeck et al. Microbial Risk Analysis 10 (2018) 3–12

5



attempt to describe kinetic responses using relatively simple and
biologically interpretable equations and parameters (Ross and
Dalgaard, 2004).

For PM and empirical models the first step on the model generation
process usually exploits data collected in experimental or observational
studies (Fig. 2). These data can be used either as training data to
generate the fitted model, or as evaluation data, used in a validation
procedure. Usually, the empirical model generation process starts with
a model equation obtained from background knowledge. This model
equation is fitted (parameterized) to best describe the training data
through a fitting procedure resulting in a fitted model. Validation of a
fitted model with independent evaluation data results in a validated-

fitted model when the evaluation is successful based on accepted cri-
teria of model performance. A graphically illustrated simplified ex-
ample of the model generation process of a PM model is available in the
supplementary material (Figure S1). Generation and validation of PM
models are an important and a demanding activity where some studies
used several hundred kinetic curves to create and validate a PM model
and it has been recommended to use indices of model performance
including bias factor, accuracy factor and the acceptable simulation
zone approach in combination with graphical methods (Mejlholm et al.,
2010; Østergaard et al., 2014). Examples of other empirical models are
time-temperature models. These models aims to predict temperature
profiles along the food chain according to operational conditions like
external temperature and thermostat setting (Laguerre et al., 2014;
Laguerre and Flick, 2010; Lecoq et al., 2016). The generation of dose-
response models or epidemiological models also follows the process.

The knowledge generated through empirical and PM models is
frequently highly relevant in QMRA studies. The application of vali-
dated-fitted PM models, for instance, can help to understand the impact
of unit operations along the food production chain on the number of
microorganism per product provided that the product characteristics
and variability are determined and that the storage conditions are
realistic (Lammerding and McKellar, 2004; Nauta, 2002).

QMRA models. The model generation process for QMRA models is
usually developed along the four well-established elements of a risk
assessment as defined by the Codex Alimentarius Commission: (i) hazard
identification, (ii) hazard characterization, (iii) exposure assessment
and (iv) risk characterization (Codex Alimentarius Commission, 1999).
Fig. 3 depicts these four high level elements and the different model
classes that belong to them, such as dose-response model, process
model, consumption model, exposure model, health metric model and
risk characterization model. The model classes can be combined to form
a full QMRA model.

Hazard identification is the identification of biological, chemical
and physical agents (Hazard) capable of causing adverse health effects

Fig. 2. The model generation process for QMRA, Empirical model and PM model.

Table 1
Sources of background knowledge used in model generation process (adapted
from Bellet et al., 2012).

Sources Examples

Published scientific studies 1. Contamination data and exposure models
2. Predictive microbial models and data
3. Dose-response data and models.

Unpublished studies 1. Studies and surveys carried out e.g. by the
industry, association/society, etc.
2. Laboratory (private or public) databases

National or international
official data

1. Food monitoring data

2. Human health surveillance data (e.g.
laboratory diagnostic data, historical outbreaks
investigations, biomonitoring survey)
3. Food consumption survey or regional diet
data
4. Food safety databases.

Surveys and questionnaires 1. Questionnaires sent to manufacturers
Risk assessments (RA) 1. RA carried out by national or international

agencies and research institutes
Expert knowledge elicitation

and expert opinions
1. When data is not available, estimates can be
provided by experts opinion

Events 1. Meetings or conferences
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and which may be present in a particular group of food product
(Product/Matrix) where the hazard may be present (FAO/WHO, 2016).
The present work focuses exclusively on the biological hazards. Po-
pulation group refers to the characterization of the different consumer
groups or target groups that could be categorized by age, gender, ethnic
origin, health status, culture/region, socio-economic factors, etc. (FAO/
WHO, 2008). These three elements are normally determined in the risk
question agreed between the risk managers and risk assessors
(Nauta, 2008).

Hazard characterization provides a qualitative and/or quantitative
evaluation of the nature of the adverse health effects that may result
from the ingestion of a hazard which may be present in food or feed
products (FAO/WHO, 2016). This step might include a dose-response
model if available. If there are no means to define a credible dose-re-
sponse relationship or to determine the level of exposure, an alternative
approach has to be found (FAO/WHO, 2009).

Exposure assessment is the qualitative and/or quantitative evalua-
tion of the likely intake of the hazard via the feed or food product
(Product/Matrix) as well as exposures from other sources if relevant
(FAO/WHO, 2016). The exposure assessment usually contains a process
model and a consumption model. The combination of these two models
forms an exposure model. The process model describes the “farm-to-
fork” food production chain (Fig. 3). Several approaches have been
suggested for such models, we suggest the use of the modular process
risk models (MPRMs), proposed by Nauta (2001). The idea behind
MPRMs is that the process model can be divided into modules. And, in
principle, each module is defined to reflect one of six basic processes:
growth, inactivation, mixing, partitioning, removal and cross-con-
tamination (Nauta, 2008). This principle is also used in FDA-iRISK®, be
it with a slightly different categorization of basic processes/process
types. A module may combine several processing steps if they have a
similar impact on the microorganism, such as in Van Damme
et al. (2017), where cutting and deriding of pork bellies produce the
same basic process (removal) and thus were combined in a single

module.
The last element of a QMRA is the risk characterization (Fig. 3). This

element comprises the qualitative and/or quantitative estimation, in-
cluding attendant uncertainties, of the probability of occurrence and
severity of known or potential adverse health effects in a given popu-
lation based on the results of the previous steps of hazard identification,
hazard characterization and exposure assessment (FAO/WHO, 2016).
Within the framework of the risk characterization element, the com-
bination of health metrics model, dose-response model and exposure
model results in a risk characterization model. The combination of all
model classes will form a full QMRA model (Fig. 3). Graphically illu-
strated Figure S2 (Supplementary material) depicts an example of the
composition of QMRA elements displayed in Fig. 3.

Once the QMRA model has been generated, a reviewing procedure
needs to be applied in order to be able to use it for decision-making
purposes by risk managers. The reviewing process aims to assess the
quality of a risk assessment, checking all the assumptions, techni-
calities, logic of the model, data and model selection, etc. It can be
accomplished as a multistep process involving one or more technical
reviews, regulatory reviews and independent formal peer review
(Dennis et al., 2008).

To reach a comprehensive coverage of relevant terms and concepts
we established an online glossary that can be freely accessed and up-
dated (URL: goo.gl/b4ADho) by the community. So far, the RAKIP
partners are the curators of this online glossary.

3.2. Metadata schema for knowledge annotation (phases 2 and 3)

Based on the description of general terms and concepts, we in-
troduce in this section a comprehensive schema of metadata concepts
for model and data annotation in the QMRA area. This schema is named
“Generic Metadata Schema” (supplementary material, Table S1). In
there the metadata concepts are organized in a hierarchical structure
consisting of three levels. Level 1 (“Top level”) defines four information

Fig. 3. Model structure build-up: QMRA model generation elements outline with frequent model classes.
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areas on which metadata are collected: (i) “General information”, (ii)
“Scope”, (iii) “Data background” and (iv) “Model math / Data defini-
tion” (first column in Table S1). Level 2 (“Topic”) provides for each
level 1 area (e.g. “Scope”) an exhaustive list of metadata concepts
where each might further be detailed through level 3 (“Detailed me-
tadata concept”) entries (see third and fifth column in Table S1). The
“Generic Metadata Schema” contains in addition a cardinality value (1,
0:1, 0:N, 1:N) for each metadata concept on each level. This cardinality
value indicates if the metadata concept is mandatory or not and its
possible dimension. The value of “1″ means that the concept is man-
datory, i.e. a metadata necessary for providing the key elements for the
usability and accessibility of data/models. The value of “0:1″ is used if
metadata are not mandatory, but in case information is provided, just
one is allowed. The values of “0:N” and “1:N” allow several entries;
while in the first case it is not mandatory to provide information, in the
second one it is.

In a second step, the “Generic Metadata Schema” was used as a
template for the generation of specific metadata schema for data and
model classes (Table S2). The underlying idea here is to maintain the
highest possible level of similarity between the domain specific meta-
data schema, whilst providing necessary flexibility in metadata naming
and pre-selection. As part of the adjustment also the cardinality prop-
erty could be adapted and even changed to the value of “X” means that
the metadata is not relevant to describe the model class. For instance,
the metadata Product/Matrix is mandatory for the model class PM
model, process model, consumption model, risk characterization model
and QMRA model, while for other model classes it is not mandatory or
irrelevant (Table S2).

Finally, a list of controlled vocabularies was provided for as many
metadata concepts as possible using existing resources like public
controlled vocabularies, information standards and software tools
(Table S1). Most of the controlled vocabularies were taken from the
Standard Sample Description for Food and Feed ver. 2.0 (SSD) created
by the European Food Safety Agency (EFSA) (EFSA, 2013). This stan-
dard was created to facilitate reporting of surveillance data to EFSA
from several food safety domains. As it is broadly accepted, it is a va-
luable source for the metadata schema. For example, we attribute a
controlled vocabulary from SSD to annotate the metadata Product/
Matrix. A total of 386 terms are available to describe precisely this
metadata concept according to its origin such as animal or vegetal
among others. In addition some vocabularies used in domain-specific
software tools like PMM-Lab, ICRA and FDA-iRisk®, were also included.
Some terms for specific metadata have been taken from other ontolo-
gies or public standards. For example for the Publication type/status
metadata, we use the Bibliographic Ontology Specifications (URL:
http://bibliontology.com/); for metadata on parameter distributions
the probONTO (Swat et al., 2016) ontology and for naming populations
the FOODON (URL: https://foodontology.github.io/foodon/) resource.

The complete metadata schema is hosted online in the so called
“Metadata Master Table” (URL: https://goo.gl/PE4ysP) and the con-
trolled vocabularies are made available online (URL: https://goo.gl/
wbFoZU).

3.3. Food safety knowledge markup language (FSK-ML)

The terms, concepts and metadata schema presented are an im-
portant foundation for the creation of the first specification for the Food
Safety Knowledge Markup Language (FSK-ML) (URL: https://
foodrisklabs.bfr.bund.de/fsk-ml-food-safety-knowledge-markup-
language/). The FSK-ML specification is a software developer guidance
document that explicitly specifies the structure and content of the files
(FSKX-file) that may be used to encode models in the domain of food
safety risk assessment in the future. Similar markup languages are used
in different scientific domains like the Systems Biology Markup
Language (SBML) (URL: http://sbml.org/Main_Page). The development
of FSK-ML is crucial to enable sharing of data, QMRA, empirical models

and PM models between different software tools and model re-
positories. With this information exchange format it will also be guar-
anteed, that metadata stay linked to the correct model or data set. A
specific feature of FSK-ML is that it supports the exchange of models
that are provided in specific script-based programming languages (e.g.
R, Matlab and Python).

4. Discussion

The harmonized terms, concepts and metadata presented in this
paper are an important first result of the RAKIP project, a collaboration
between three European food safety risk assessment institutions
(ANSES, BfR and DTU Food). They were extensively discussed by the
RAKIP partners, with the objective to create the foundation for the FSK-
ML format. They are a requirement to create new community resources
that support knowledge integration and exchange within the PM and
QMRA areas, which is the main objective of the project. Besides the
creation of the FSK-ML language, RAKIP aims at the creation of a web
portal (URL: https://foodrisklabs.bfr.bund.de/rakip-web-portal/) that
allows the microbiological food safety community to (i) contribute to
the definition on harmonized terms and concepts (ii) share software
libraries, converter tools and software-specific import and export
functions promoting the adoption of FSK-ML by the risk assessment
community; (iii) share FSK-ML compliant models and data in a model
repository with search and filtering functionalities that also allows the
download, execution and modification of models.

Continuous effort is needed to maintain and update the resources
presented in this paper, to assure and to create a broad compliance and
support within the food safety community (including food authorities,
food industries, consultancy companies and food research institutes).
Currently the RAKIP project focussed primarily on terms, concepts and
metadata from the areas of QMRA and PM modelling. However in the
future, other areas, like chemical risk assessment, and other modelling
approaches, as e.g. Bayesian networks (Beaudequin et al., 2015) or
machine learning (Laabei et al., 2014), should be addressed. As this
research has been initiated as an open community effort it can take up
suggestions on future development goals from the scientific community.
In addition, the RAKIP project embraces the idea of “Open Source” and
“Open Access”, and wherever possible it intends to generate synergies
with other existing projects and initiatives.

Currently, the RAKIP project main focus is to provide existing
QMRA or PM models in the proposed FSK-ML format which serves as
proof-of-principle for the underlying knowledge exchange concept.
Besides that, the proof-of-principle will lead to improvements in the
current metadata scheme. This work will also support the development
of a “Minimal Information Required in the Annotation of Risk
Assessment Models” (MIRARAM) guideline. This guideline would be
similar to the MIRIAM guideline which is widely accepted in the
Systems Biology community (Novere et al., 2005), and would provide a
set of rules for knowledge annotation, that would be used in the future
as a basic for the establishment of a curation process for those models
intended to be shared in the repository.

This and related work carried out by RAKIP partners (e.g. the de-
velopment of the open-source FSK-Lab software and the new RAKIP
web portal) will support different end user within the microbiological
food safety community. For example: (a) modellers would be able to
share their models in a harmonized way with the scientific community,
(b) reviewers of research papers exploiting these models would be able
to easily reproduce results from the paper, (c) risk assessors could easier
exploit the scientific knowledge generated by the research community
by having QMRA and EM models readily available with a harmonized
description which consequently would allow risk assessors to perform
their work in a shorter time. More details on the end users objectives
and on the description of end users cases are given by Plaza-
Rodríguez et al. (2017).
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5. Conclusion

The Codex Alimentarius commission recommends that the risk ana-
lysis process remains open, fully and systematically documented in a
transparent manner. In addition, it should be evaluated and reviewed as
appropriate in the light of newly generated scientific data by the food
safety and science communities (FAO/WHO, 2016). The present work
proposes a conceptual framework on terms, concepts and metadata that
could serve as a foundation for harmonized annotation of risk assess-
ment models and linked data. The adoption of such a framework within
the risk assessment modelling domain will contribute to enhancing
transparency and will also facilitate the exchange of data and models
between different software tools thanks to the development of the FSK-
ML standard. In this sense, the RAKIP project supports the establish-
ment of resources for sharing and re-using of knowledge in a trans-
parent way, e.g. through harmonized information exchange formats,
rules for model annotation and a web platform dedicated to microbial
food safety risk assessment community. Ultimately, this will facilitate
faster high quality risk assessment and decision-making for food safety
managers that follows harmonized international standards.

Glossary

The glossary contains the definition of the most important terms and
concepts presented in this manuscript. An extended version containing
other relevant terms for the RAKIP project is also online (URL: goo.gl/
b4ADho), where the definitions can be updated by the community and
further curated by the RAKIP partners. The following definitions were
last updated on February 19, 2018. The terms not containing a re-
ference were agreed by the authors

• Background knowledge: Is the foundation of the model generation
process. Examples of background knowledge sources in QMRA area
are: published scientific studies, unpublished studies, national or
international official data, surveys and questionnaires, risk assess-
ments carried out by national or international agencies and research
institutes, expert knowledge elicitation and expert opinion and
events (e.g. meeting or conference). It can be classified, for instance,
into data-driven knowledge (e.g. predictive microbiology data, food
consumption data) and model-based knowledge (e.g. PM models,
models from previous risk assessments).

• Biological hazard: The microorganisms and/or their toxins present
in, or condition of, food with the potential to cause an adverse
health effect (adapted from Hazard definition from FAO/
WHO, 2016).

• Cardinality: The cardinality value indicates if the metadata concept
is mandatory or not, and the possible dimension. The value of “1″
means that the metadata is mandatory. The value of “0:1″ means
that the metadata concepts are not mandatory, but in case in-
formation is provided, just one is allowed. The values of “0:N” and
“1:N” allow several entries, where in the first case it is not manda-
tory to provide information, in the second one it is. “X” means that
the metadata is not relevant to describe the model class.

• Consumption model: A consumption model describes the amount of
food consumed during a particular eating occasion (i.e., a serving)
and/or the frequency of the consumption of these servings, or an
average amount of food consumed per day. This amount may vary in
time, between individuals, betweenthe different population groups
of interest and the considered exposure type.

• Curation: A curation process for models aims to classify models
according to certain quality criteria. These quality criteria must be
defined. Depending on the classification, the end users of the model
can e.g. judge how reliable the model might be.

• Data: Symbolic representation of observable properties of the world.

• Data collection: The process of gathering data. Different types of
data can be collected (microbial concentrations, daily consumption,

etc.). The collected data should be fit for purpose, representative
and allow a meaningful analysis.

• Data-driven knowledge: Knowledge derived from experimental/
observational data.

• Decision-making: The action or process of making decisions based
on scientific facts or results. In the context of risk management,
decision-making considers the risk assessment results and other
factors relevant for the health protection of consumers and for the
promotion of fair trade practices.

• Dimension: Possible number of elements constituting a metadata
concept. See Cardinality for more details.

• Dose-response model: Model describing the “relationship between
the magnitude of exposure (dose) to a hazard and the severity and/
or frequency of associated adverse effects (response)” (Codex
Alimentarius Commission, 1999; FAO/WHO, 2016).

• Empirical model: Empirical models describe a set of data in a con-
venient mathematical relationship without considering any under-
lying phenomena (Ross and Dalgaard, 2004). Examples of empirical
models used in the microbial food safety area: the secondary pre-
dictive microbial models of square-root-type or Ratkowsky-type
(Ratkowsky et al., 1982) and cardinal parameter models
(Rosso et al., 1993), the log-logistic, log-probit and Weibull
(-Gamma) models as dose-response models (FAO/WHO, 2003),
time-temperature models (Laguerre et al., 2014; Laguerre and Flick,
2010; Lecoq et al., 2016) and epidemiological models.

• Empirical model generation process: Is founded on the relationship
between observed data and approximate representations of the real
systems that generated that data.

• End user: Person who ultimately applies or is intended to ultimately
apply a model. In this aspect several levels of end users can be de-
fined:
○ Non-expert user: Person who intendeds to use the model mainly

for making predictions without too much interest in the model-
ling process.

○ Expert user: Person who is interested not only in the model
predictions, but also in the modelling process, including data,
model equation, fitting process, etc.

• Evaluation data: Experimental/observational data that is used to
evaluate the performance of the fitted model. This data should have
not been used previously for generation of the fitted model.

• Experimental/Observational data: Measurement values obtained in
experimental or observational studies. Can be used in the fitting or
validation procedure.

• Experimental or Observational study: In an experimental study the
researcher controls the study by assigning “treatments” to a group of
subjects, meanwhile in an observational study, the researchers
simply “observe” a group of subjects without actually “doing" any-
thing to the subjects. In both cases characterization of the subject
(e.g. product or matrix) is essential for obtaining valuable data for
model generation (training data) or evaluation (evaluation data).

• Exposure assessment: The qualitative and/or quantitative evalua-
tion of the likely intake of biological, chemical, and physical agents
via food as well as exposures from other sources if relevant (FAO/
WHO, 2016).

• Exposure model: A combination of the process model and the con-
sumption model that results in the exposure assessment.

• Exposure scenario: Scenarios can be constructed to predict the
range of possible exposures. The scenarios might reflect effects of
processing, such as hygienic design, cleaning and disinfection, as
well as the time/temperature and other conditions of the food his-
tory, food handling and consumption patterns, regulatory controls,
and surveillance systems (Codex Alimentarius Commission, 2014).

• Fitted model: Model equation that has been fitted to Experimental/
Observational data (training data) with the aim of obtaining a va-
lidated-fitted model.

• Fitting procedure: Occurs when a model equation is fitted to
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Experimental/Observational data (training data) by the use of
curve-fitting tools or by inference (e.g., Bayesian inference). The
curve-fitting tools iteratively try different values for the model's
parameters, measuring the “goodness of fit” between the model and
the experimental data. This process continues until the software
finds the combination of values for the model equations’ parameters
that provides the best fit achievable (Buchanan and Whiting, 1997).

• FSK-ML (Food Safety Knowledge - Markup Language): FSK-ML is a
specification for knowledge exchange format that can be used to
encode models in the domain of food safety risk assessment.

• FSKX-file: File format defined within the FSK-ML specifications
supporting the exchange of risk assessment models.

• Generic Metadata Schema: The complete set of metadata concepts
generated as part of the RAKIP project that allows annotating with
sufficient detail any type of model or data in the QMRA or PM
modelling domain.

• Hazard: A biological, chemical or physical agent in, or condition of,
food with the potential to cause an adverse health effect (FAO/
WHO, 2016).

• Hazard characterization: The qualitative and/or quantitative eva-
luation of the nature of the adverse health effects associated with
biological, chemical and physical agents which may be present in
food (FAO/WHO, 2016).

• Hazard identification: The identification of biological, chemical,
and physical agents capable of causing adverse health effects and
which may be present in a particular food or group of foods (FAO/
WHO, 2016).

• Health metric model: Model for calculating a measure for assessing
the health impact of a specific hazard in a population group: e.g.
Disability-adjusted life years (DALYs) or cost per illness.

• Mathematical model: A parameterized model equation (Model
equation+ parameters value).

• Matrix: The matrix for which the model or data applies. The term
Matrix is inspired in the Standard Sample Description for Food and
Feed ver. 2.0 (SSD) (EFSA, 2013) where the type of matrices are:
food, food stimulants, feed, animal, environmental samples and food
contact material.

• Metadata: Data that defines and describes other data (ISO, 2004).

• Model-based knowledge: Knowledge on a system stored inside or
obtained from a model, e.g. a mathematical algorithm, EM, PM and
QMRA model, software code etc.

• Model class: Classification of mathematical models relevant for
microbial food safety such as QMRA model, dose-response model,
process model, consumption model, exposure model, health metric
model, predictive microbial model and other empirical model. This
classification is based mainly in the risk assessment definition pro-
vided by Codex Alimentarius (Codex Alimentarius
Commission, 1999).

• Model equation: Mathematical equation describing the relation
between dependent and independent variables. See examples in
“Predictive microbial model”.

• Model generation process: Process aiming at generating a descrip-
tion of a system through mathematical concepts or software code.

• Modelling process: Processes that involve the model generation
process and include the application of the generated model.

• Model structure: Describes the conceptual design, components and
structure of a model. For instance, the QMRA model structure
usually follows the well-stabilised four steps: hazard identification,
hazard characterization, exposure assessment and risk character-
ization, while for the exposure assessment step the model structure
usually follows the different phases of the food production chain.

• Module: The module definition comes from the Modular Process
Risk Model methodology developed by Nauta (2001) where the food
production chain is divided into modules. In principle, each module
is defined to reflect one of the six basic process: growth, inactiva-
tion, mixing, partitioning, removal and cross-contamination

(Nauta, 2001). A module may combine several processing steps if
they have a similar impact on the microorganism. In FDA-iRisk® the
term “process stage” is used for the same concept.

• Parameter: The term parameter is used in a number of ways. In the
context of RAKIP project, examples of parameter are: the prevalence
and concentration of foodborne pathogens on food products along
the food production chain, microbial growth or inactivation rates,
temperature and time profiles, cross-contamination rates, transfer
rates, product characteristics (i.e. pH, water activity, concertation of
organic acids) These parameters can be fixed values or variability
distributions.

• Population group: Is the population or sub-population of interest
when performing a risk assessment, for example: general popula-
tion, pregnant or lactating women, seniors, infants.

• Predictive microbial (PM) model: Models describing the microbial
responses towards environmental conditions, such as storage and
processing conditions and product characteristics. Traditionally,
models in predictive microbiology are classified as primary and
secondary (Whiting and Buchanan, 1993):
○ Primary models describe the changes in microorganism con-

centration (e.g. during growth, survival and inactivation) ac-
cording to time. The dependent variable is normally the micro-
bial concentration and the independent variable is the time (see
Model Equation definition).

○ Secondary models describe the parameters appearing in the pri-
mary models (e.g., the lag phase, the growth rate and inactivation
rate) as a function of the environmental factors (e.g. temperature,
pH, water activity, organic acids concentration). The dependent
variables are the primary model parameters and the independent
variables are environmental factors (see Model Equation defini-
tion).

• Process: A series of actions or steps taken in order to achieve a
particular end. See “Fitting procedure” for an example.

• Process model: Model that describes how the concentrations of the
hazard change along the different steps (modules) of the food pro-
duction chain (potentially from farm to fork).

• Product: The food product for which the model or data apply.

• QMRA model: In the context of the model classes defined in RAKIP,
QMRA model is the combination of all other model classes (see
Model classes definition) and data.

• RAKIP: “Risk Assessment Modelling and Knowledge Platform”. A
project carried out jointly by ANSES, BfR and DTU in 2017.

• RAKIP web portal: Online resource for RAKIP partners with a
Graphical User Interface for browsing, searching, filtering and
downloading FSKX-files. It allows sharing FSK-ML formatted data
and knowledge between the RAKIP project partners. URL: https://
foodrisklabs.bfr.bund.de/rakip-web-portal/

• Reviewing procedure: Process aiming to access the quality of a risk
assessment document, a risk assessment model, and the underlying
data. Can be a multistep review process involving one or more
technical reviews, regulatory reviews and independent formal peer
review (Dennis et al., 2008).

• Risk: A function of the probability of an adverse health effect and
the severity of that effect, consequential to a hazard in food
(Codex Alimentarius Commission, 1999).

• Risk analysis: A process consisting of three components: risk as-
sessment, risk management and risk communication
(Codex Alimentarius Commission, 1999).

• Risk assessment: A scientifically based process consisting of the
following steps: (i) hazard identification, (ii) hazard characteriza-
tion, (iii) exposure assessment, and (iv) risk characterization (Codex
Alimentarius Commission, 1999; FAO/WHO, 2016).

• Risk characterization: The qualitative and/or quantitative estima-
tion, including attendant uncertainties, of the probability of occur-
rence and severity of known or potential adverse health effects in a
given population based on hazard identification, hazard
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characterization and exposure assessment (Codex Alimentarius
Commission, 1999; FAO/WHO, 2016)

• Risk characterization model: Combination of health metrics model,
dose-response model and exposure model within the framework of
the risk characterization.

• Risk communication: The interactive exchange of information and
opinions concerning risk among risk assessors, risk managers, con-
sumers and other interested parties (Codex Alimentarius
Commission, 1999; FAO/WHO, 2016).

• Risk management: The process of weighing policy alternatives in
the light of the results of risk assessment and, if required, selecting
and implementing appropriate control options, including regulatory
measures (Codex Alimentarius Commission, 1999; FAO/WHO,
2016)

• Risk question: Initial statement on the specific objectives of a risk
assessment.

• Training data: Experimental/Observational data used for the gen-
eration of a fitted model.

• Transformation: A process by which the data is manipulated (i.e.
data set is cleaned or rearranged) to fit the purpose of the model.

• Validated-fitted model: Model that has been fitted and successfully
validated on independent experimental/observational data (eva-
luation data). A validated-fitted model can be used to make pre-
dictions within the range of environmental factors values where the
model has been successfully validated.

• Validation procedure: Procedure that aims to assess the perfor-
mance of fitted models and to determine if they can be used to aid
decision-making. The validation process might use several hundred
of evaluation data to evaluate the model accuracy. It consists of
comparing model predictions with independent experimental/ob-
servational data though indices of model performance including bias
factor, accuracy factor and the acceptable simulation zone approach
in combination with graphical methods (Mejlholm et al., 2010;
Østergaard et al., 2014).

• Visualization: A process by a chart or other image is created as a
visual representation of the transformed data.
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