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Welcome address
“Changing consumption patterns: What about food safety?” is the topic of this 15th annual symposium of the
Scientific Committee established at the Belgian Food Safety Agency.
“There is nothing permanent but change”. This famous quote from the Greek philosopher, Heraclitus, can also be
applied to consumer habits and the associated risks in the food chain. In this 21st century, the consumption
patterns and consumption habits of consumers are rapidly changing. In regard to food a general shift towards
more plant-based (novel) food sources can be identified and, in parallel, we should also consider multiple
subgroups of consumers with specific food habits either because of societal (animal welfare, durability, climate,
religion, origin, ..) or health related reasons. This rapidly evolving diversity presents a real challenge for food
safety risk assessors who are responsible to give advice in such matters which often lack scientific evidence.
Today, our aim is to provide the participants of this symposium with information as exhaustive as possible on the
impact of the new consumption patterns on the safety of the food chain and how to include them in risk assessment
and risk management of the safety of the food chain. Apparently, this theme arouses a lot of public interest. We
have never known so many registrations for a symposium organized by our Scientific Committee.
The safety of the food chain is precisely the mission of our Food Safety Agency and the Scientific Committee has
the mandate to assist the control policy of the Agency by its scientific opinions. Our Scientific Committee
constitutes a board of experts who gives independent scientific advice to the Chief Executive Officer of the Agency
and to the Minister in all matters related to risk assessment and risk management in the food chain; especially
regarding food safety but including also animal and plant health. We enforce a policy of impartial and independent
scientific consultation and transparent communication and management of conflicts of interest. We acknowledge
the strong support of the Agency through its Chief Executive Officer, the General Director of the Directorate
General Control policy and the Staff direction for risk assessment.
I express very special thanks to my fellow members of the Scientific Committee, Dr. Lieve Herman, vice-chair,
Prof. Bruno De Meulenaer, Prof. Antoine Clinquart, Prof. Sarah De Saeger, Prof. Marie-Louise Scippo, Prof.
Andreja Rajkovic, Prof. Jacques Mahillon, Dr. Philippe Delahaut and Prof. Christophe Matthys (KULeuven, invited
expert of the Scientific Committee) and to Dr. Xavier Van Huffel (Director) and Dr. Kim Feys (expert) both from
the Staff direction for risk assessment, for their invaluable contributions in the working group in charge of the
scientific organisation of this symposium. These acknowledgements are extended to the Agency and the Staff
direction for risk assessment for providing the needed human and financial resources.
The very high scientific quality of the symposium is supported by prominent speakers coming from Belgian and
French universities, scientific institutes and also from the private sector. They are warmly acknowledged.
Your numerous presence as participants reveals that the topic of the symposium is a pressing issue and meets
the concerns of scientists, industry and risk assessors involved in the improvement of the safety of the food chain.
I wish you a very fruitful symposium.
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Prof. Dr. Etienne Thiry,
Chair of the Scientific Committee
established at the Belgian Food Safety Agency
Etienne Thiry was born on the 4th of April 1957 in Etterbeek (Brussels). He graduated as
doctor in veterinary medicine in 1980 and in veterinary sciences (PhD) in 1985. He was
recognized in 2001 as diplomate of the European College for Veterinary Public Health.
He is full professor and head of veterinary virology and viral diseases laboratory, faculty
of veterinary medicine, Liège University, Belgium. He is also part time professor of
veterinary virology at the free university of Brussels. He won the International Pfizer award
by the international committee of the World Buiatrics Society in 1996. He won the Gaston
Ramon award by the French Academy of Veterinary Medicine in 2008. He was
recognized by the European Society for Veterinary virology as honorary member in 2009.
He received the award Prix de la Francophonie by the Fédération des Associations
francophones des vétérinaires d’Animaux de Compagnie (FAFVAC) in 2011.
Etienne Thiry is member of several scientific committees: the National Committee for
Microbiology of the Belgian Royal Academy; chairman of the scientific committee
established at the Belgian Food Safety Agency (FASFC); chairman of the expert
committee for animal health and welfare at the French Agency for Food, Environmental
and Occupational Health and Safety (ANSES) (2012-2018); vice-chairman of the board
of directors of the federal scientific institute Sciensano. He is also member, previously
acting- and vice-chairman, of the European Advisory Board on Cat Diseases. He was
also coordinator of the European Union “Better Training for Safer Food” project on
“Animal Health Prevention and Control of Emerging Animal Diseases” (2012-2013).
His research interests cover several aspects of animal virology, especially the study of
animal virus-host interactions and the short term evolution of viral populations through
genetic recombination and reassortment in herpesviruses, noroviruses, hepeviruses and
orbiviruses. These scientific activities generated more than 470 papers in specialised
scientific journals (h-index 39).
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Session 1
Changing consumption patterns: how can we detect them
in time and should we take them into account when
assessing the risks to food safety?
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Capturing the diversity of consumption patterns: challenges in risk assessment
Christophe Matthys1,2, Joke Verbeke1 and Lucia Segovia de la Revilla1,3
1 Nutrition & Obesity, Clinical and Experimental Endocrinology, Department of Chronic Diseases, Ageing and
Metabolism, KU Leuven, Leuven, Belgium
2 Clinical Nutrition Unit, Department of Endocrinology, University Hospitals Leuven, Leuven, Belgium
3 Division of Bioeconomics, Department of Earth and Environmental Sciences, KU Leuven, Leuven, Belgium

Christophe Matthys; PhD Medical Sciences; worked between 1998 and 2007 at the
Department of Public Health, Ghent University, Belgium. In July 2007 he became Lecturer in
Human Nutrition at the Institute of Food, Nutrition and Human Health, Massey University, New
Zealand. Between April 2009 and September 2011 he worked as Senior Scientific Project
Manager for ILSI Europe. Since October 2011, he is lecturer in human nutrition at the KU
Leuven, Belgium and scientific coordinator of the clinical nutrition unit of the University
Hospital Leuven. He is (co-)author of several scientific papers and he is a driving force behind various research
and education activities. He is board member of the Belgian Nutrition Society, Flemish Society for Clinical Nutrition
and Metabolism and member of the scientific advisory board of the JPI Healthy Diet, Healthy Life. He is associate
editor of Clinical Nutrition ESPEN, Frontiers in Nutrition and Chief editor of Food Science & Law.

ABSTRACT
Traditionally exposure assessment is conducted according to the EFSA EU Menu guidelines. The disadvantage
of this methodology is the resource demanding and potentially missing food trends that could pose a food safety
risk. New technologies such as retailers fidelity cards, automated food image recognition and social media could
be used as alternatives to collate information about ongoing food trends and the identification of population groups
at risk. Nevertheless, these new technologies are as well confronted with some barriers and further research in
the context of standardization and validation is needed.

INTRODUCTION
To be able to conduct a risk assessment of additives, contaminants or other substances present in food items, an
exposure assessment is needed. The quality of the exposure assessment depends on the one hand on the
collated food consumption data and on the other hand on the food contamination data. Several methodologies
exist to collect food consumption data which has led to a lack of standardized food consumption data within the
EU. To harmonise the food consumption data among the EU Member States, EFSA developed a ‘Guidance on
the general principles for the collection of national food consumption data in view of a pan-European dietary
survey’ (1). Based on this document the EU Menu methodology has been developed to provide practical
guidelines to obtain harmonised, high-quality food consumption data. According to this methodology food
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consumption information should be based on two non‐consecutive days. The so-called 24‐hour food diary method,
based on a physical meeting followed by a computer‐assisted personal or telephone interview (CAPI/CATI) is
advised to use for children. In other age groups twice the 24‐hour dietary recall CAPI/CATI method should be
used. This method in combination with a short food propensity questionnaire is recommended in order to collect
information on the consumption of some less frequently eaten foods and the consumption frequencies of food
supplements (2).

PROBLEM
One of the major drawbacks of the EU Menu methodology is the sequence of dietary intake collection. In several
countries the collection of new data takes place only every five years or even longer. This methodology is
acceptable to obtain an overall overview of the European dietary patterns but will never capture new trends in
dietary patterns or in consumed food items. For 2020 several food trends are predicted such as organic products
for children, new products from West-Africa, new type of edible flours, plant-based products not based on soy,
plant-meat based products (3). To identify the different trends and to assess if they are important in the context
of risk assessment, new methodologies are required.

POTENTIAL SOLUTIONS
The new methodologies should be able to identify the number of consumers, the exposed populations but as well
the place of consumption (see speaker Carl Lachat).
An existing methodology is the use of the retailer fidelity card. These retailer fidelity cards collect information of
all household products, including food items, bought in a specific supermarket chain. The added value of these
cards in the context of exposure assessment has been described by estimating the consumption of Sunset Yellow.
Sardi et al, collated information from 1204 households during a period of 15 days. Based on the purchases and
additional interview about the household structure, patterns of consumption and proportion of foods bought at this
specific supermarket chain, the research team could estimate that more than 99% consumed less than 1 mg
Sunset Yellow kg−1 body weight day−1. The method is a simple and resource-efficient approach to estimate food
additive intake on the basis of actual consumer behaviour (4). However, if we want to apply this methodology to
an overall population several barriers need to be solved first. An integrated platform that merges the retailer fidelity
card information of the different retailers would be necessary. Merging these databases will pose some
challenges, such as the lack of standardisation, variability over time and privacy aspects in the use of these data.
Although there could be some sceptics to merge different databases, including different ontologies, owned by
different companies, a recent attempt to collate food composition data (foodDB) from different sources was
successful. The foodDB uses big data technology to collect, process and analyse information on a comprehensive
sample of food and drink products available for purchases in all major UK supermarkets. The big data techniques
use the five dimensions volume, variety, velocity, volatility and veracity (5).
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Another method, using digital pictures on Instagram or other social media platforms, is very trendy and can as
well be a potential source of information in the context of exposure assessment. Nevertheless, one could wonder
on how to analyse the different food pictures. Automated analysis of pictures that a user takes of his food via
image recognition could be an alternative. Moreover, this method does not require a high level of literacy.
Additionally, it would reduce the systematic bias that is almost inherent to self-reporting of dietary intake towards
what is socially preferred (6). Nonetheless, automated image recognition of food along with the estimation of the
amount of food shown in the image remains extremely challenging. Food items usually do not have a set shape
or structure. Instead, they are deformable in nature. As such, similar foods can look very different (high intra-class
variance) while different foods can look quite similar (inter-class variance). Beverages are especially difficult to
assess because only a limited amount of information can be acquired visually (7). To tackle the challenge that
image recognition of food poses, it is possible to test the system on pictures from a food dataset, sometimes the
same dataset that was used for training of the recognition system, so called cross-validation of machine learning
(7). While it is rather easy to train and test a recognition system in ideal conditions, it is important to choose/create
a dataset that is representative to food consumed in real-life situations. Therefore, our group has set up a
comparative study, to determine how well available image recognition systems currently perform in different
settings and what the biggest challenges are when striving for accurate estimates. A variety of foods and
beverages was photographed in a range of standardized settings. All pictures (n=185) were fed into selected
recognition platforms (n=7) and estimates were saved. Accuracy was determined along with totality of the estimate
in the case of multiple component dishes. The accuracy ranged from 63% for Calorie Mama API® to 9% for
Google Vision API®. None of the platforms were capable of estimating the amount of food. These results
demonstrate that certain platforms perform poorly while others perform decently. Nevertheless, important
obstacles such as the accurate estimation of food quantity need to be overcome before these platforms can be
used as a real alternative for traditional dietary assessment methods (8).
Other social media platforms have been used to estimate current trends in dietary intake associated health
outcomes as well. In a recent study, Kim et al developed and evaluated an obesity ontology as a framework for
collecting and analyzing unstructured obesity-related social media posts (9). The ontology was considered as
useful to identify the most frequently used terms on obesity and opinions and emotions toward obesity posted by
the general population on social media. Positive effects on people's retweet behaviour is based on emotional
valence, attractiveness, sender's authoritativeness, argument length, and direct messages while external
evidence was negative (10). Combining these studies provided insights on how to identify food trends. Based on
our own research we were able to identify the most frequent food trends in a specific timeframe, allowing to identify
potential trends that could be considered as a potential threat for public health from a food safety point of view.
The study of Hingle et al, tested the feasibility and acceptability of Twitter to capture dietary behaviour and reasons
for eating (11). The researchers concluded that Twitter provides a method for capturing real-time food
consumption and diet-related behaviour upon the condition that an analytical software tool is foreseen. Further
improvement in data visualization may identify relationships between dietary and behavioural factors.
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CONCLUSION
In exposure assessment the EFSA EU Menu methodology is a well-accepted methodology to estimate the overall
dietary intake of the European population. However, this methodology requires a high respondent and researcher
burden and therefore data collection periods are rather limited. The slow process of capturing food intake is a
potential source of bias as we are not able to capture the fast-moving trends and changes in the current dietary
patterns of potential vulnerable populations. New technologies using faster data processing and better data quality
allow methods to capture these trends. Nevertheless, there is a need for research/investment to support and
evaluate current efforts including new technologies for rapid, accurate and representative data capturing of current
food trends (12).
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Out of home food consumption: a driver of poor diets?
Carl Lachat
Department of Food Technology Safety and Health, Ghent University, Ghent, Belgium
Carl Lachat is Associate Professor at the Department of Food Technology, Safety and
Health at Ghent University Belgium. He holds a PhD in applied biological sciences from
Ghent University. He lectures courses in food and nutrition policies, nutritional
epidemiology, planning and project design and nutrition-sensitive interventions. Over the
last decades, he was a consultant for IFAD, FAO, United Nations Standing committee for
nutrition, WHO, Action against hunger and Save the children UK and lived in Vietnam,
Ethiopia and China. He is Deputy Editor for Public Health Nutrition Journal. He has published over 100
manuscripts, and is lead author on various manuscripts in high ranking journals.
His main interest is to develop effective approaches to enhance the nutritional status of vulnerable populations in
low- and middle-income countries. These approaches are evaluated using both intervention and observational
study designs, guided by rigorous assessment of evidence and systematic reviews. In addition to empirical
research, he actively develops new knowledge with regard to collection, management and integration of food
intake data and ways to increase quality of nutrition research and capacity for better policies and practices.

SUMMARY
During the last decades, eating out of home has gained importance in diets worldwide. Current evidence indicates
that eating out is considered important lifestyle driver of poor diets, increased energy intake and obesity. To date
however, an important barrier to assess the contribution of eating out of home is the lack of a definition that
captures it accurately. Using studies from two recent systematic reviews on eating out and obesity, we
demonstrate the high variability and limitations of current approaches to assess eating out of home. Current
definitions have focused either on the place of preparation or on the place of consumption, which entails
conceptual flaws. Better conceptualisation of eating out is key to assess temporal trends in dietary intake and
identify key food sources the for promotion of healthy diets.

INTRODUCTION
Changes in dietary habits and lifestyles are important drivers of the development of overweight and obesity. During
the last decades, eating out of home has gained importance in diets worldwide. Large segments of the world’s
population obtain a substantial amount of their daily energy intake from food and drinks consumed out of home
[1] and trend data indicates that the importance of eating out in the diet is likely to increase substantially [2].
For instance, the share of food budgets allocated to eating out increased from 20% to 37% in the period between
1960 and 1990 in the USA [3]. Socioeconomic and demographic trends such as urbanisation and labour force
participation of women are believed to have triggered the demand for foods eaten out of home [4]. Apart from
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time scarcity and accessibility to foods, an important mediator in this process is the increase in household budget.
Households with higher disposable incomes are known to spend more on eating out [5]. A recent review of the
price elasticity of food items in household budgets in the USA showed how eating out had the highest average
price elasticity coefficient, followed by soft drinks in the period from 1938 till 2007 [6].
Various researchers have expressed their concerns with regard to increasing portion sizes [7], higher energy
densities [8], lack of consumer information [9] or healthy choices [10] of the available food when eating out of
home. Concerns regarding the nutritional quality of eating out drew the attention of policy makers [11] and
regulatory measures were proposed [12]. In addition, changing consumer habits and practices regarding eating
out are important challenges to ensure food safety [13]. Assessment of eating out of home in diets, consumer
practices when eating out and contribution of differences sources in specific populations is essential to inform
surveillance, mitigation and monitoring policies.
For surveillance and monitoring systems at population and individual level, it is important to measure the
contribution of eating out of home in the diet accurately. A key issue is to provide better monitoring data to assess
the nutritional quality of food from different food service providers (canteens, private sector, vending machines)
[14] to enable timely and targeted interventions.
A comprehensive strategy to promotion healthy eating out could subsequently be a sound approach to promote
healthy diets and prevent the development of obesity [11]. In 2003, the WHO [15] identified eating out as a
particular risk factor for weight gain and obesity regarding Diet, Nutrition and the Prevention of Chronic Diseases.
In particular, a “Probable” decreased risk was identified for Home and school environments that support healthy
food choices for children and a ‘possible’ increased risk for high proportion of food prepared outside the home
(developed countries)”. At the time however, this evidence was not reviewed systematically.

EATING OUT IN BELGIUM
The national food consumption survey of 2014-15 assessed the place of consumption of the three main meals on
a daily basis (breakfast, lunch and dinner) of the Belgians aged 3-64 year. Most of the meals are consumed at
home i.e. 89% breakfast, 55%lunch and 86% dinner [16]. This estimate was quite comparable in 2004. There are
however, tangible differences by population group. A third of the lunches is consumed at home or at work. Male
and young adults (18-34 year) more frequently. An assessment in 2004 indicated that energy intake, energy
density of the total diet and daily consumption of most food groups, except for fruits and vegetables, were
substantially higher in those that consumed at least 25% of the daily intake out of home [17].

CURRENT EVIDENCE OF EATING OUT OF HOME AND DIET QUALITY
This assessment addresses eating out comprehensively. It considers all sources of eating out and hence does
not focus on a single type or place, such as fast food or restaurant food. Consequently, only studies that estimated
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the contribution of eating out from all sources using a quantitative method are considered. In this context, eating
out includes both food and drinks.
The present manuscripts summarise evidence from various systematic reviews on the topic 2011 till 2013. To
assess relevance of the finding to date, citing articles of these reviews in web of science was conducted in October
2019. In brief, no recent systematic reviews on the topic were found. The assessment of citing articles however,
indicates a continued research interest in the topic with various citations of the reviews.

Eating out and diet quality
We carried out a systematic review of peer reviewed studies in 8 databases up 2011 [1]. Of the 7,319 studies
retrieved, 29 met the inclusion criteria and were analysed. The quality of the data was assessed and a sensitivity
analysis was conducted by isolating nationally representative or large cohort data from 6 and 11 countries
respectively. Foods eaten out of home were important sources of energy in all age groups and its energy
contribution increased in adolescents and young adults. Eating out of home was associated with a higher total
energy intake, energy contribution from fat in the daily diet and socioeconomic status. Two large studies showed
how eating out was also associated with a lower intake of micronutrients in particular vitamin C, Ca and Fe. In
brief, the evidence shows that eating out is associated with a higher total energy intake, a higher energy
contribution from fat and a lower intake of micronutrients in the daily diet [1].

Eating out and weight or obesity
Two systematic reviews [18, 19] have independently examined eating out and its association with anthropometric
parameters including body mass index (BMI) and obesity. We briefly present the association of eating out with
BMI and obesity from these studies and examine the influence of the definitions in these associations. We defined
the following criteria to select papers for the present viewpoint: Setting: All countries; Perspective/Population: All
humans from all age groups and gender; Intervention: All interventions and research designs, including
observational and descriptive studies; Comparison: comparison of different contributions of eating out in the daily
diet; Evaluation: BMI and incidence/prevalence of obesity or overweight.

Assessment of the evidence of eating out and association with BMI/obesity
Eight studies presenting findings from 12 countries were retained for review (Table 1). Table 2 lists the studies
excluded for this analysis with corresponding motivation. Two of the studies presented findings from prospective
follow-up studies and five presented associations from cross-sectional studies. Positive associations of eating out
with increasing BMI were observed in both cohort studies, in particular in consumers who eat out frequently.
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In general, data on eating out and its association with obesity were quite scant and heterogeneous (Table 1).
While Kuchler et al. [20] found associations of eating out with BMI in women but not in men, Burns et al. [21]
reported the opposite. Two studies [17, 22] found no associations of substantial eating out and BMI or obesity.
The two studies [23, 24] that stratified the associations of eating out by place of consumption, indicated that eating
out was associated with increased BMI only when eating out took place in fast food or quick service restaurants.
Naska et al. [23] reported how European men who ate at restaurants (including cafeterias, bars and fast food
outlets) were more likely to have a higher BMI compared to those who did not. Thompson et al. [24] reported no
significant associations of eating out and BMI for eating in restaurants (non-fast food outlets) in the USA. None of
these studies observed an association of BMI/obesity with sources of eating out other than restaurants or fast
food, such as work canteens, friend’s places, from vending machines or on the go. A quality appraisal showed
overall moderate quality of the studies. None of the studies reviewed was considered of a quality too poor to justify
additional sensitivity analysis.

Evidence quality
As per assessment of quality of evidence and grading strength of recommendations in systematic reviews by the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system of rating [25], the
evidence regarding eating out and diet quality, weight gain and obesity would be considered of very low quality
due to the observational nature of the studies, heterogeneity, inconsistency of findings and assessment of
outcomes in general. Further research is therefore likely to modify the findings.

Conceptual basis
The evaluation of current studies clearly shows how the evidence on eating out and obesity is tied to the
classification and definition of eating out. According to the 2 most common approaches in the studies reviewed,
eating out is either defined as “the consumption of foods outside of the home environment independent of the
place where the foods were prepared” or alternatively as “the consumption of foods prepared and purchased
away from home independent of place of consumption” [18]. In addition, most studies have a poor conceptual
basis to define eating out and use arbitrarily defined classifications of eating out. It is clear however, that the
choice of definition has important consequences on the findings of the study. Clearly, such high variability is not
helpful and even problematic to appraise the evidence on the role of eating out in the obesity epidemic.
We acknowledge that any definition of eating out will be determined by the purpose of the study and that no single
definition is likely to satisfy all needs. When the principle interest is to assess the nutritional quality of food choices
related to different places of consumption, the definition of eating out will use the place where foods are consumed
as criterion. However, a definition of eating out that aims to assess the contribution of food service providers to
the nutritional quality of consumers’ diets will need to be based on the source of foods (i.e. the place of preparation
or purchase). We argue that it is particularly the place of preparation that determines the nutritional characteristics
of foods and drinks. In addition, defining eating out based on the place of consumption would misclassify readyto-eat meals or take-away meals that are consumed at home as well as foods prepared at home but consumed
15

elsewhere (e.g. homemade sandwiches for lunch). This misclassification could be as high as 20% of daily energy
intake [26].
Nevertheless, a definition that is based on the source of the food or place of preparation is not a panacea either.
Clearly, using the source of the food as sole measure to assess eating out is confusing for raw produce such as
fresh fruits, vegetables and nuts or minimally processed foods such as milk or dried fruits. As these foods have
undergone no (or nutritionally quite minor) changes throughout the food chain, establishing the source (or place
of preparation for that matter) of the food during dietary surveys is a daunting task. For such foods, the source
can be considered the home or out of home setting but equally the farm or retail outlet. Conversely, knowing the
source of prepared foods, such as sandwiches or dishes, which underwent more substantial processing or
preparation affecting the nutritional properties, is of particular interest.

CONCLUSION
To counter the increase in obesity worldwide, appropriate population monitoring and surveillance activities are
needed [27]. The current evidence on eating out as driver of increased energy intake and obesity to date relates
principally to consumption of food from fast food and quick service restaurants. The contribution of other sources
of eating out such as ready to eat meals or “foods on the go” is poorly addressed. An important barrier to assess
the contribution of eating out in the development and management of healthy diets is the lack of a common
definition that captures it accurately.
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ABSTRACT
Various determinants of food habits have been identified, cultural influence being among the most important of
them. In addition to the different nutritional status of the cultural groups, this issue is particularly relevant to
consider for managing food surveillance and alerts. In Belgium, regions on one hand and migration status on the
other hand can be considered as important cultural components of dietary habits. Indeed, findings from national
surveys have highlighted exposure to food risks potentially different in Wallonia and Flanders. Migratory history
of Belgium, especially in the Brussels region, is also helpful to consider, given populations mixing habits coming
from their country of origin (including imported foods) and those present in Belgium.
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GENERAL BACKGROUND
Dietary habits result from various collective and individual determinants which are interrelated between each
other. Indeed, the reference rainbow of Dahlgren & Whitehead about social inequities in health [1] can be applied
to the dietary habits (Figure 1). Based on this figure, it appears that culture influence may occur at different levels:
general conditions, living conditions and community networks.
Culture influences on diet include a large set of components, i.e. identity traits (when one “affirms” his/her
belonging to a group by making certain food choices), family transmission, taste development and preferences,
religion in some situations… A distinction is also usually made between group culture (which is rather stable over
lifetime and results from long-term historical influences) and individual culture (accumulated progressively and
changing throughout life, coming from influences not limited to the cultural group). Several famous anthropologists
(e.g., Claude Levi Strauss [2], Margaret Mead [3]) and many others after [4] have studied dietary habits as
meaningful traits of cultural groups. A rich corpus of documentation does exist on the food production, storage
and cooking and on eating behaviors in various populations (for instance, composition of meals during the day,
sociability behaviors, ways of presentation, feast meals…).

Figure 1. Dahlgren & Whitehead rainbow of social inequities in health [1] focused on dietary behaviors.

On the opposite, how belonging to a cultural group may influence individual choices, in relation with other
determinants (such as socioeconomic characteristics [5]), has been less studied. Moreover, so far,
epidemiological methods have more or less failed, with a few exceptions, to fully capture this issue as a key
determinant of dietary behaviors. This situation may be due to the difficulty to define what is “the culture” of an
individual since it can be defined by various gateways. The Americans have partially solved this issue extensively
using the description of “ethnicity” [6]. However, the recent discussions for the last census have shown how much
their approach is politically sensitive since what the used ethnic categories reflect is not clear.
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Based on various indicators, the diversity of dietary habits in relation with cultural characteristics has been studied
especially in North America, Australia and Europe [7]. Indeed, beyond the three main components of the
socioeconomic status usually addressed (education, occupation, income [8]), considering the cultural influence
would help better identify potential obstacles and levers to improve dietary habits in populations. For instance, not
taking it into account for the development of nutritional recommendations would be a mistake [9]. Since dietary
habits are also related to various exposures to food risks other than nutritional, paying attention to potential cultural
influences actually is relevant. For example, food origins or cooking process can also be considered as culturallyrelated components that could be considered in the management of food alert.
The presentation will principally address two types of cultural influences that are particularly relevant for Belgium:
regions on one hand and migration status on the other hand. However, epidemiological findings that are available
are principally related to the nutritional risks, not to food safety. In other words, the methods used to describe
dietary habits have been chosen for their ability to show disparities in the nutritional status of populations. Further
research actually is needed to assess whether, beyond some very specific situations, culturally-driven dietary
habits may overall lead to higher food risks other than nutritional.

REGIONAL DIVERSITY OF DIETARY HABITS IN BELGIUM
As in other countries where regions are closely related to different cultural influences [10], dietary habits differ
between the regions in Belgium [11,12]. A large set of differences have been shown in some behaviors related to
the number and the place of meals, the duration of meal preparation, the consumption of organic food, or the
opinion regarding public policies regarding nutrition and GMO food (Figure 2) [11]. Depending on the indicator,
the situation related to the safety of cooking and food storage may appear a priori more favorable in Flanders than
in Wallonia but this is the opposite for other indicators (Figure 2).

21

Figure 2. Dietary-related behaviors and opinion in Wallonia and Flanders. Food Consumption Survey 2014, Belgium
[11].

A similar observation can be done when addressing food consumption (Figure 3) [11]. Beyond the different
nutritional risks (for instance, consumption of fruits is more favorable in Flanders than in Wallonia, but sugarsweetened beverage consumption is also higher), this figure partially underlines the different risks associated to
safety, especially regarding animal-origin foods.
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Figure 3. Mean food consumption (g/day) in Wallonia and Flanders (3-64-year-olds). Food Consumption
Survey 2014, Belgium [11].
Beyond the descriptive variations shown above, adjusting disparities according to the region on socioeconomic
characteristics in adolescents and young adults [12] confirms the involvement of the cultural influences in dietary
habits. In other words, the socioeconomic status of each region is not sufficient to explain the differences
observed. Similarities with the dietary habits observed in the neighboring countries is another element which
reinforces this assumption [10, 12].

MIGRATION STATUS
Belgium is historically characterized by moves of population, especially in Brussels where three out of seven
people were born outside Belgium (2011 census). Countries of origin are highly diverse and such moves have
driven mixed dietary behaviors. “Acculturation” has been described in other settings [13]: this phenomenon can
be summarized as a progressive change in the dietary habits for an individual who will mix traditional habits from
his/her country of origin and those existing in the host country, due to a changing food availability and through the
influence of his/her acquaintances. Acculturation is related to the duration of residency in the host country. It may
also occur in second-generation migrants, namely in people who are born in Belgium and whose at least one
parent was born outside Belgium [14].
Indeed, acculturation in dietary habits has been addressed in adolescents included in the 2014 “Health Behaviour
in School-aged Children” (HBSC) survey [14]. Gradient according to the generation of migration are sizeable for
various food groups (see examples Figure 4 and reference [14]). Like for the regions, the gradient may be more
favorable for migrants for certain food groups but less favorable for other foods; it depends on the country of origin
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but is independent of the socioeconomic status. Again, such an assessment enables the identification of
nutritional-related risks but also potential specific food safety issues to study more in depth.

Vegetables

Fish

Figure 4. Frequency of vegetable and fish consumption in adolescents according to the migration status.
Health Behaviour in School-aged Children survey 2014, Belgium [14].
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CONCLUSION
Despite limited information on the food safety dimensions, epidemiological observations on dietary patterns may
help identify potential differential risks according to two meaningful components of cultural influences in Belgium,
i.e. region on one hand and migration status on the other hand. Repeating such surveys over time will provide
information on the trends in dietary habits and permit identification of potential new risks.
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ABSTRACT
In this presentation we will focus on choices that consumers are making related with their food purchases and
consumption patterns. In particular, the viewpoint we are following is dual: firstly, the viewpoint of a consumer
who intends, possibly for a variety of reasons, to make a (more) sustainable choice, and secondly, the viewpoint
of relevant food safety issues related with that choice. After setting the broad scene of climate change, we are
addressing the possible choices and preferences of consumers in the context of the “food environment”.

POTENTIAL IMPACTS OF CLIMATE CHANGE ON FOOD SAFETY
In the actual state-of-the-art of geophysical sciences, there is no room left for any reasonable doubt about the
impeding rise of temperature around the globe. This will have cascading and intertwined consequences on
most, if not all, of our living circumstances, especially for people living in areas vulnerable to the first hand
consequences of, for example, rising sea levels or increasing drought. These anticipated effects have led to
extended reactions, till today mostly under the form of thorough analyses and warnings by international
institutions, formulated in more or less provocative statements.
Reports exist on the impact on agricultural practices and yields, often describing the need for a transition towards
a more sustainable (in the sense of more resilient, more nourishing, more sufficient for more people, …) agri-food
system for an increasing world population. Given the extent of the anticipated changes, the focus typically lies on
food security. Providing sufficient and wholesome food is the first priority, and this food should evidently be safe
as well. As simply stated in [1] The future of food safety - There is no food security without food safety: “If it is
not safe, it is not food. Food security is achieved when all people, at all times, have physical and economic
access to food that meets their dietary needs for an active and healthy life. Food safety plays a critical role across
the four pillars of food security – availability, access, utilization and stability.”
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The IPCC special report on climate change and land [2] devotes an entire chapter to the issue of food security.
Section 5.4.2. considers food utilisation: “Food utilisation involves nutrient composition of food, its preparation,
and overall state of health. Food safety and quality affects food utilisation.” Impacts on food safety and human
health are described (see references in section 5.4.2.1), ranging from changes in the spread and activity of
mycotoxin-producing fungi (robust evidence for Aspergillus and Fusarium), changes in activities of organisms
relevant in aquatic food products, and the risk of enteric pathogens entering the food chains through flooding of
for example pastures and wind (less direct evidence, but risks likely to increase).
Food safety impacts will be region dependent, and Europe is considered as facing increasing risks from
mycotoxins, pesticide residues, trace metals and heavy metals changes in plants due to changes in soil physics,
PAC’s in foods due to long distance atmospheric transport and enteric pathogens [2]. The summary states: “There
is medium evidence, with high agreement, that food utilisation via changes in food safety (and potentially food
access from food loss) will be impacted by climate change, mostly by increasing risks, but there is low confidence,
exactly how they may change for any given place.”

CHOICES MADE WITHIN THE FOOD ENVIRONMENT
The HLPE report 12 Nutrition and Food Systems [3] provides a definition for the food environment: the physical,
economic, political and socio-cultural context in which consumers engage with the food system to make their
decisions about acquiring, preparing and consuming food. It is to be placed within the whole food system, as
shown in Figure 1.
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Figure 1: Conceptual framework of food systems for diets and nutrition. The food environment is positioned as the link or
interface between the wider food system and diets. Figure originates from [3].

The concept of food environment is important as it delineates the choices and responsibilities of consumers, yet
at the same times also stresses how consumers are to be seen in their socio-cultural environments, and how
choices are never an 100% individual matter.
Turner et al. (2018) [4] have deepened the role of food environments by building on socio-ecological perspectives
to identify two key domains within the wider food environment construct; the ‘external domain’ and the ‘personal
domain’ (Figure 2). Their proposed definition is: “The food environment is the interface that mediates
people’s food acquisition and consumption within the wider food system. It encompasses external
dimensions such as the availability, prices, vendor and product properties, and promotional information;
and personal dimensions such as the accessibility, affordability, convenience and desirability of food
sources and products”.
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Figure 2: The conceptual framework depicts the food environment as the interface within the wider food system. Key
dimensions are mapped to external and personal domains. Interactions between these domains and dimensions shape
people’s food acquisition and consumption. Figure originates from [4].

For the remainder of the text, several actual choices made by a consumers who intends to make a (more)
sustainable choice, will be discussed by placing these choices into this framework and by reflecting on their
potential food safety implications.

LIMITED PURCHASING POWER
Affordability is a first essential prerequisite to allow proper food choices. When affordability is not guaranteed, the
risk exists that people do not respect Use-by-dates or take actions that may undermine basis food hygiene like
diluting a soup that has become sour with canned tomatoes to mask the taste (personal communication with
someone working with poor people, September 2019). The percentage of people risking monetary poverty in
Belgium has steadily increased and is now 16.4% [5]. Food donations and the informally structured redistribution
of surplus food products are symptomatic answers to the problem of hunger in our society (and are as a side
effect also contributing to sustainability). FAVV provided a circular letter [6] providing guidelines to ensure the
protection of food safety for consumers depending on food donations.

A DESIRE TO BATTLE FOOD WASTE AND FOOD LOSS
The immense problem of food waste and losses can be battled at household/consumer level as well as in the
professional part of the food system. Guidelines have been developed (see for example [7]) to ensure that actions
against food waste and losses are not causing new food safety issues. It goes without saying that battling food
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waste requires increasing food literacy for the whole population. The EU project Refresh provides, as one of its
deliverables, future-oriented guidance on evaluating activities by government, businesses in the supply chain, or
community groups preventing household food waste [8].

A PREFERENCE FOR MORE PLANT-BASED FOODS
This topic can be placed both at the external domain of policy, by for example the Food Based Dietary Guidelines
of the Belgian Superior Health Council [9], as well as at the personal domain of a desire or preference towards a
healthier, more sustainable diet.
In principle, all food types available to consumers in our country are intended to be safe for consumption and a
direct link between safety and a more-plant based diet can therefore not be established. At the same time,
zoonotic agents remain important in food borne outbreaks (see for example [10]).

A PREFERENCE FOR ORGANIC FOODS
The choice for organic food products is mainly taken with an eye on an (at least presumed) lower environmental
impact. A systematic review from 2012 [11] indicates that the consumption of organic foods may reduce exposure
to pesticide residues, yet differences in risk for exceeding maximum allowed limits were small. According to the
same study, the risk of finding antibiotic-resistant bacteria was about one third higher in conventional versus
organic chicken and pork.

A CHOICE TO RE-USE PACKAGING
Whilst the environmental impact of packaging may be rather limited in comparison with the impact of the whole
food system (as we have shown for apple fruit from Belgium and New-Zealand [12]), the packaging is obviously
a very prominent, visible aspect. Re-using packaging can be done for products such as meat, meat preparations,
meat products and cheese in an over-the-counter sale, for example at the supermarket chain BioPlanet. Extra
measures are to be taken to ensure that no cross-contamination would take place by handling the consumer
packages.

A PREFERENCE FOR ALTERNATIVE PROTEIN SOURCES SUCH AS INSECTS AND LAB -GROWN MEAT
The actual knowledge on the microbiological safety of edible insects is reviewed in [13]. Important issues are the
potential as a reservoir of antibiotic-resistance genes, the frequent detection of spores and the urgent need for
further assessment of the safety on insects, to be raised in a controlled environment. Regarding lab grown meat,
a lot of open questions, including the use of antibiotics, also remain (see the review article [14]).
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A PREFERENCE FOR RAW FOOD FOR PEOPLE AND PETS
Within the variety of diets available, a raw food diet is especially worrying at the level of food safety. As the diet
consists of uncooked foods like fruit, vegetables, grains, raw meat, raw fish, typical contaminants are not
eliminated. Moreover, the trend of feeding pets with raw food (“barf”) holds risks for both the pets and, via the
potential transmission of pathogens, for pet owners as well [15]. Here again, food literacy becomes important.

CONCLUDING THOUGHT
A consumer can make different choices with an eye on sustainability. It remains a challenge to inform consumers
about specific food safety issues that may be relevant for each choice. Food literacy, education and
communication becomes very important – especially since it requires sometimes to bring messages that may
interfere with a view of some consumers believing all that is natural (whatever that may mean), is safe.
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Abstract
An important current trend is the increasing consumption of or interest in non-meat proteins, driving the food
industry to innovation and the scientific community to gain new insights. The most important/promising non-meat
protein sources are legumes, by-products of the starch industry, seeds, insects, water plants, microbial protein
and algae. An alternatively produced meat source is cultured meat which is gaining increasing media attention.
Different new food products and/or ingredients have been developed or are in the development phase. Nutritional
and food-safety risks related to non-meat diets or to alternative protein sources are important drivers in relation
to food innovation trying to circumvent these risks by technological solutions and adapted quality-assurance
systems. The safety risks related to the new developed products and the recent dietary trends are illustrated by
some examples: microbial biomasses, insects, algae (microalgae, seaweed, duckweed), the use of genetically
modified micro-organisms (GMM) produced components, superfoods, edible flowers and frozen vegetables
consumed as ready-to-eat.

Introduction
An important current trend is the augmented consumption of non-meat proteins, reflected in the increasing number
of flexitarians in Europe. This leads to a constantly higher turnover of vegetarian products in the food industry
(estimated increase of about 6-8% the last years) (Menkveld, 2018). This socio-economic situation drives the food
industry towards innovation and the scientific community to gain new insights, reflected by a high amount of
published papers (Anonymous, 2018a).

34

Non-meat protein sources and cultured meat as ingredients for new food products
The most important non-meat protein sources used as ingredients for innovative food products and/or ingredients
are: legumes (soy, peas, lupines, chickpeas, beans), by-products of the starch industry (based on potatoes,
wheat), seeds (hennep, quinoa), water plants (seaweed, duckweed), insects, microbial protein (microalgae, fungi,
bacteria), (Anonymous, 2018a). On the other hand, there is cultured meat which is produced by in
vitro cultivation of animal cells. Some of these are already applied in commercialized products and/or ingredients
(legumes, by-products of the starch industry, seeds, seaweed, fungal biomass); others are waiting approval in
relation to the novel-food regulation or still need further optimization or a scaling-up phase (duckweed, insects,
microalgae, fungal and bacterial biomass, cultured meat). Their estimated future consumption differs significantly
from soy, legumes, high-dense protein crops as the most promising ones, followed by algae and insects.
The first generation of products, already commercially marketed are tofu (pressed soy milk), tempeh (pressed
and fermented soy beans) and seitan (dough of wheat gluten).
A second generation are composite plant-derived products (based on soy, quinoa, hennep etc.) such as burgers
and sausages; they are being developed and are currently introduced in the market. An example hereof is the
Dutch weed burger, that is based on Royal Kombu seaweed (Saccharina)
The same is the case for the third generation of products the meat mimics with a texture and taste closely related
to that of meat products. An example is the ‘impossible burger’ where the red meat-like color is obtained by the
addition of leghemoglobin, produced by genetically modified micro-organisms (GMM). The production of this
generation is most often based on high-moisture extrusion technology, giving these products a typical meat-like
texture (Dekkers, 2018).
The fourth generation of products consists of cultivated/fermented meat alternatives such as fungal biomass (e.g.
Quorn) or bacterial biomass, and the alternative meat production system called cultured meat. For the latter,
specific growth factors are required, currently derived from calf serum; future developments foresee their
production by GMM. Also the use of plant-based growth media is foreseen for future development because they
are cheaper, and will reduce the possibility of infectious agents. On the other hand there is also the possibility that
plant-based growth media may cause allergic reactions in some consumers (Datar and Betti, 2010). Other
products being developed are hybrid meat products based on insects, algae, duckweed. These last ones are
promising because they would combine different beneficial elements on the level of human health, improved
quality and extended shelf life.

Nutritional and food-safety risks as drivers for innovation
An increased consumption of plant-based ingredients implies both benefits as well as drawbacks for human health
and involves some increased food-safety risks (reviewed by van der Spiegel et al., 2013). Especially the negative
effects are important drivers in relation to food innovation trying to circumvent these by technological solutions
and adapted quality-assurance systems.
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By means of combining thermal processing, enzymatic degradation, sprouting, irradiation, fermentation, dehulling,
high-pressure processing, microwave and extrusion, efforts are being made to remove plant-based anti-nutritional
factors (e.g. phytate, tannins, lectins, enzyme inhibitors, saponins) which can bind with nutrients and hereby
impacting their absorption (Gilani et al., 2012, Nikmaram et al., 2017). Protein digestibility and amino acid
absorption are improved by conventional processes such as cooking, microwave cooking and pressure cooking,
and also by extrusion (Brennan et al., 2013; Drulyte & Orlien, 2019). The amino acid profile can be optimized by
combining ingredients that complement each other in terms of specific missing amino acids, thus providing
sufficient essential amino acids. Allergenicity, expected to be increased because plants/insects are potentially
more allergenic compared to meat-derived products, can be modified by processing, destroying/changing
allergenic epitopes. To avoid plant-diet-related deficiencies, final products can be supplemented with iron, zinc,
vit D and vit B12, which can be produced by GMM.
Food-safety risks include an augmented risk for (myco)toxins, for chemical contaminants depended on cultivation
conditions, for unexpected microbiological risks related to the feedstock used and to less processing as well as
to technological processes as sprouting and fermentation. New generation food-quality-assurance systems are
developed mainly focusing on non-targeted analysis of food components. Examples are systems based on (near)
infrared spectroscopy (Bock and Connelly, 2008, Dixit et al., 2017) and MALDI-TOF mass spectrometry (Ulrich et
al., 2017, Ha et al., 2019, Peruzy et al., 2019). The aim is to apply them for on-line continuous monitoring of nonidentified chemical and/or microbiological components and using the obtained profiles for detecting deviations
from the normal pattern. The detected deviations are triggering more fundamental investigation to identify the
source of the contamination. These quality-assurance systems are based on specific product-dedicated database
building and continuous data analysis.

Food-safety risks linked to innovative products and new dietary trends: examples
Several examples of food-safety risks are related to alternative protein sources. Microbial - bacterial and fungalbiomasses are characterized by high nucleic acid content; bacterial biomasses also by a high content of
lipopolysaccharides (endotoxins) from Gram-negative cell walls. Foods rich in nucleic acids can elevate serum
uric acid levels and could, when consumed in high amount, lead to hyperuricaemia and inferior protein uptake
(Gilani et al., 2012). For fungal biomass, in addition to nucleic acids, the possible presence of harmful secondary
metabolites such as mycotoxins needs to be considered. An example is Quorn, produced by Fusarium
venenatum, a fungus known to have the genetic potential to produce mycotoxins such as trichothecene
mycotoxins as well as other mycotoxins (e.g. enniantins) (O’Donnell et al., 1998, Miller & MacKenzie 2000).
For microalgae, the presence of biogenic (e.g. algal toxins, nucleic acids) and non-biogenic toxins (e.g.
environmental contaminants such as heavy metals), are food safety issues to consider (Matos, 2017). Some
microalgae can produce neurotoxins and hepatotoxins (no toxins found in Spirulina and Chlorella which are
currently the only genera accepted in EU), can be cytotoxic and allergenic. Matos (2017) underlines the need to
address the safety of algae used for food applications at the strain level, as large differences exist between toxic
and non-toxic algae even within the same species. Seaweed can contain iodine, anti-nutritional factors as lectins,
tannins, phytic acid and a high content of trypsin and amylase inhibitors. Some duckweed species are capable of
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producing secondary metabolites such as oxalic acid. All water-related production has to be monitored for the
presence of pathogens (e;g. pathogenic E. coli, Clostridium botulinum), heavy metals, dioxins, pesticides (van der
Spiegel et al., 2013).
The main food-safety risks related to the consumption of insects are their high microbial content due to the
presence of the intestines, their allergenic potential (cross reactivity with allergy for shellfish and dust mite) and
defensive secretions of certain insects which could be toxic (Anonymous, 2014).
When components in innovative products are used produced by GMM (e.g. leghemoglobin, vit B12, vit D), these
need to undergo a safety evaluation by EFSA in relation to the novel-food regulation. The safety evaluation is
based on the concept of the Qualified Presumption of Safety of microorganisms (QPS), which provides for certain
microorganisms a safety status for their use in the food and feed chain. QPS microorganisms and/or their products
may

not

need

to

undergo

specific

toxicological

assessment

(Herman

et

al.,

2019,

QPS

list

https://zenodo.org/record/2565996#.XOzrjXduKUk). QPS is also applicable to GMM in the case the genetic
modification is not introducing a safety concern.
Some food-safety risks are related to new consumption trends. Superfoods such as Goji berries are increasingly
being used as (dried) berries in juice, muesli, tea and some health-promoting effects have been linked to their
consumption. Safety hazards could relate to a nicotine content above regulatory limits, the presence of plant
toxins such as alkaloids and anthroquinones, the interaction with certain human medication and their allergenic
potential (Kulczyński and Gramza-Michalowska, 2016). These aspects need to be further and more thoroughly
addressed. Edible flowers and self-harvested spices/flowers are increasingly being used by chefs or at home.
Although edible flowers are considered as rich sources of health-beneficial components, possible hazards are the
presence of possible toxins (e.g. due to misidentification of the plant species), the presence of pesticides, their
allergenic potential and their low shelf life due to favoring microbial growth (Fernandes et al., 2017).
Due to an increasing trend to consume less or non-processed foods, some food products are now unintentionally
consumed as ready-to-eat products while their quality and safety was assured only as consumed after processing
such as cooking. This tendency explains the recent European-wide Listeria monocytogenes outbreak with at least
9 confirmed deaths, due to frozen vegetables, consumed directly after thawing, without further cooking
(Anonymous, 2018b).

Conclusion
In conclusion, due to the trend of increasing consumption of non-meat proteins, several challenges and needs as
well as different opportunities lie ahead not only for the entire agro-food chain, but also for the scientific
community. These should not only be addressed from a merely food-quality (nutritional, textural, organoleptic,
etc.) point of view, but also from a food-safety point of view. This trend implies the need for mapping and finding
solutions for possible food-safety concerns related to (new) starting material used, the (semi)-finished
products/ingredients and the food-processing technologies applied. Within this context, one should not only target
known risks, but also look beyond by means of untargeted approaches. In addition, food innovation answering
consumers’ and societal demands should be addressed within a multidisciplinary and systemic context in order
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to be able to provide safe and nutritionally balanced food within a sustainable and socio-economically sound
framework.
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Summary
Who is in reality the consumer and does “the” consumer exist? The main new trends in “eating habits” are
originating in concerns about “Nutrition and Health”, Animal Welfare and Sustainability. What are these new
trends? How does the food industry jumps on the bandwagon of consumer’s new nutritional habits? The focus of
this presentation will be these questions and answers given by the industry, including a critical view about their
justification and come about.
The following questions will be briefly discussed:
1. Who is “the” consumer?
2. What are these new trends in consumer behavior?
3. How does the industry tap into these trends?
4. How do these eating habits come about?

Who is “the” consumer?
“The” consumer” as such doesn’t exist .Consumers can be split up in groups according to some common
characteristics:
-

Gender: male/female

-

Age related characteristics such as children, adolescents, adults, elderly, baby boomers, generation “Z”,…

-

Social factors: families, singles, available income,…
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-

Level of education

-

Lifestyle: sedentary, active, sporter, …

-

…

Each combination of the mentioned characteristics results in different groups of consumers. Each of these groups
are characterized by specific nutritional and social needs with regard to their nutrition.

What are these new trends in consumer behavior?
Three important trends are to be considered.
1. trends concerning Nutrition and Heath
2. trends concerning Animal Welfare
3. trends concerning Sustainability
Trends about Nutrition and Health are the direct result of the “Western lifestyle diseases”: CVD, CRC, obesity,
diabetes, cirrhosis of the liver,… and will consequently differ geographically. A first trend to be considered is the
requirement for less additives, more “natural”. This is a trend towards “minimal processing” without losing the
advantages of “normal processing”, such as taste, convenience, shelf life, cost,… A second trend is about the
reduction of energy intake with a focus on sugar intake and fat intake. For fat intake both, animal fat and vegetable
fat are to be considered. Next trend concerns the “Na”-intake. WHO advice is no more than 2,4g Na (= 6g NaCl)
a day, about 50% of the actual consumption in the Western World. Another trend is the demand for more clear
and understandable information about nutrition. Actual Labeling is far too complex for most of the consumers
resulting in misinterpretations and wrong perceptions.
The recent publication of different scandals in the Animal Production and Slaughter Sector are the cause of a
growing demand for increasing Animal Welfare. Urbanization makes the link between the life animal and the
product to be consumed (meat and meat products) to disappear. Trends about Sustainability are coming from
recent issues as climate change and how to feed the ever increasing world population in the near future. Be
aware, the western consumers are spoiled: everything is always everywhere available which will be questioned
in the future.

How does the industry respond ?
Minimal processing and less additives are the basis for the “clean label” trend: as less as possible or better no
additives/E-numbers on the label. The perception of the consumers, additives being bad, is fundamentally wrong.
An additive receive his E-number as a proof of thoroughly evaluation of the food safety issues, technological need
and possible restrictions of use. This response of the industry is pure marketing driven without scientific
background. The requirement for minimal processing without any concession of the advantage of “full processing”
is contradictory, ex.: the requirement for less or no preservatives while maintaining the original shelf life.
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The industrial response is to replace the additives by “natural plant extracts”. The case of NO2/NO3 indicates two
different responses: a more “tricky one” and a more correct one. In the “tricky” response the NO2/NO3 has been
replaced by plant extracts extremely rich in mostly NO3 (NO2 is far too unstable). Additional processing steps
provides the reduction of NO3 to NO2. The consequently omitting of these additives and replacing by “natural
plant extracts” in the ingredient declaration, is, in this case, to be considered as consumer fraud. In the more
correct response the additive concerned is not replaced as such, but not used at all. It has been replaced by plant
extracts having a similar technological effect. This requires far more research time by the industry. (Ec.: additional
research concerning Cl botulinum). Due to the “tricky” response of some industrial players competent authorities
reviewed this practice resulting in a far too though interpretation obstructing further innovation.
The need for energy intake reduction originates in an increasing sedentary lifestyle. Simultaneously energy
dense products (empty calories) became more and more available (some soft drinks). As a result, industrial use
of non-sugar sweeteners became common in a lot of products. Reformulation, mainly in composite products,
caused a fat reduction in fat rich products. Be aware that a lot of non-sugar sweeteners do have different sweet
tastes if compared to traditional mono- and disaccharides (Stevia). Some sweeteners, such as aspartame are
under discussion. Most “flavor” components are lipophilic, resulting in fat reduced products being sensorial poor.
The industrial response for Sodium reduction has been put into practice by means of different sectorial,
voluntary, agreements with the authorities, European wide. Significant Na reductions are obtained, however
differences exist between North and South Europe. Sodium has different technological functions in the Food
technology: Taste, Food Safety, to solubilize technological important proteins. This means sodium reduction is
limited. As far as taste concerns, a slow consumers adaptation to less salty products is observed. NaCl effects
Food safety mainly by reduction of the water activity (Aw). Sodium replacers such as potassium are limited in use
due to an off taste and less efficiency in Aw reduction. Fat replacement is technologically often done by
replacement by water, so increasing Aw-value. Be aware that the combination of sodium and fat reduction may
not pass food safety limits!
Information to the consumer is regulated on European level by EU1169/2011, resulting in rather complex labels.
Uncontrolled adding of different marketing-certification labels even makes the labels less understandable for the
consumer. A response from the industry is the introduction of “traffic light systems”, which are mainly, awarding of
colors (mostly Green-Yellow-Red) to the product or components of it, depending on predefined nutritional and
health criteria.

Examples:
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These systems are easy to interpret by the consumers (Red=bad; Yellow=medium; Green=good). They also
stimulates reformulation by the manufacturers. These systems are using different algorithms with unknown
scientific justifications. European Authorities were too slow in reacting, resulting in a lack of harmonization, and
no benchmark between the different systems. It has to be questioned, how such a complex issue as “Nutrition
and Health” can be reduced to a scientifically justified, simple color code attributed to a food product. Better to
evaluate diet patterns, which are composed of different interrelated food products in different quantities.
In France and Belgium Nutriscore has been chosen by the authorities and some Industries.

Nutriscore is chosen unilaterally by the French Authorities, without an acceptable European benchmark. Some
food products have different ways for calculating the score, such as cheese, without clear reason. What is the
scientific justification of the used algorithms in Nutriscore? See examples below.

Another upcoming trend is related to Active healthy Ageing (AHA) linked to issues related with ageing such as
osteoporosis, mouth and teeth problems, sarcopenia, visual constraints,… The needs related to AHA, are actually
inadequately understood by the industry, despite the commercial opportunities. Potential, easy adaptations are:
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Easy-opening of the packaging, easy to read (font size) info on the label, more tasty and flavor intense products,
adapted consistency, energy-protein dense products, smaller packaging units,…
Trends related to animal welfare, to be mentioned are all kinds of “Animal Welfare standards”, increasing offers
of “meat-free” products, and research for “slaughter free meat”. All kind of different animal welfare standards are
popping up such as BLK, 1-2-3 star chicken meat, JS Standard,… The criteria used in those standards may differ
a lot and are not known/understood by the consumer. The “Animal Welfare Value” is unclear. There are far too
many standards mainly driven by competition/marketing motives. The increasing offer of “veggie” products will be
discussed later.
Slaughter free meat is in vitro grown muscle tissue originating from stem cells of a young animal of the species
concerned. Although a lot of progress has been made still some important issues remain before a potential
marketing of the product will be possible. The technology for growing muscle cells is available, combining them
to muscle tissues is still a challenge. Economical and sustainable aspects are not fully investigated. Legal aspects,
consumer aspects, product denomination are under development.
Industrial responses about Sustainability are reflected in an increased availability of plant based products
(protein transition) and the rise of “meat alternatives” such as “Beyond Meat”, Impossible Burger”,… Most meat
alternatives are using highly processed raw materials undergoing additional processing with the use of a lot of
additives. This is a strong contradiction of the minimal processing requirement already discussed. Are these
alternatives also nutritional equivalent? It is the perception these products being more sustainable, but, where are
the raw materials coming from? How is the sustainable impact calculated? Are we taking into the difference
between GHG from recycled or fossil origin?; … Another issue in the protein transition is the sensorial equivalence
of the products. Most of the plant based protein products doesn’t meet the sensorial level of their animal based
protein original product. Last but not least plant protein based products result in more expansive products which
compromise their availability for the less fortunate under the consumers.
Local sourcing, could be a sustainable inspired trend, but is actually more driven by market opportunism of the
primary (agricultural) sector. This trend is in contradiction with what consumer are used to have: everything,
always everywhere available. Ex. Apples form New Zealand, Chicken from Thailand, Quinoa from South
America,…
Organic products also may be placed in a sustainable context: eliminated the use of pesticides, insecticides,..
Less profitable production will increase product cost for the consumer. Contradictory to the consumer perception,
organic products are not necessary safer products.
In a sustainable context the “world plastic problem” is to be mentioned. Less plastic is a trend popping up recently,
with an insufficient response from the industry so far, although the problem is recognized by the European
authorities. Much more can be done for reducing packaging plastics.

How do these trends come about?
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Most of these trends are introduced through influencing the consumer population by media (including marketing
and publicity), social media and information by the academic world. Media and social media are characterized by
their speed, weak or sometimes no scientific justification, influenced or influencing short term political targets.
Media and social media are vulnerable for minority pressure groups. Information by the scientific world, mostly
correct, is not always understood by the consumer and the media, often resulting in wrong perceptions.
Contradictory information by the academic world, although scientifically correct, will never be understood by the
consumer and results in disinformation.

Concluding remarks to think about
-

A lot of disinformation and contradictory information will make the consumer having wrong perceptions.

-

Is the interest of the consumer always a priority for the political world, industry and distribution?

-

A lot of hypes, trends, are sometimes dangerous for your health (ketogenic diet).

-

Healthy Food exist, mostly more expensive and less convenient, not always available for everyone.
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How do retailers respond to the new consumption patterns of consumers?
Julien Mahieu
Director Procurement & Quality at Mestdagh s.a., Belgium
Julien Mahieu is a specialist in food retail & customer consumption patterns. He graduated in
2004 as Bio-engineer in Animal Productions at UCLouvain. During his 7 year experience in
various procurement/buyer roles at Carrefour Mestdagh and Delhaize, he witnessed and
accompanied retail's strategic efforts to respond to new challenges induced by emerging
consumer trends, e.g. Seafood sustainability, Organic Production, Product Authenticity &
Traceability, decrease in meat consumption and the rise of protein alternatives. Before joining
the retail industry, he accumulated 7 years as food safety professional for Third party Certification Body & Lab
Quality Partner, carrying out numerous audit missions at all levels of the food supply chain: feed mills, farms,
industry, retail and catering facilities.

RETAIL INDUSTRY : A DISTORTING MIRROR
The general principle of retail is to propose an offer that attracts a customer basis as broad as possible in order
to ensure sufficient turnover. As such retail could be described as a mirror of our consumption habits. Whether we
like it or not, it reflects our buying patterns, with what they hold in terms of contradictions and truth about ourselves.
Nevertheless, retailers, if they want to succeed, must innovate to differentiate themselves from the competition,
lest they are progressively pushed out of the market. Regarding emerging consumption habits, it is really up to
them to assess, capture, and even inspire the most promising ones, namely those likely to be adopted by a
sufficient percentage of customers.
Of course, new consumption habits involve redesigning the products and processes in place, and this should be
done in accordance with legal standards. More precisely, food safety, as this criterion is considered by the
customer as a prerequisite when choosing its grocery destination.

CONSUMPTION TRENDS & FOOD SAFETY MANAGEMENT IN RETAIL
The pace of change in the food industry has accelerated in recent years, partly induced by improved information
accessibility and sharing thereof through the internet, dedicated applications or, of course, on-pack labeling
(whether mandatory or optional). Some of the most prominent trends have a direct impact on food safety
management for retailers:
•

The search for convenience: this is no longer limited to what we eat; but when, where and how. Whether
it is microwave packaging, on-site consumption or cold chain guarantee for home delivery, “Intended use”
is more than ever a crucial step in the elaboration of a HACCP plan.

•

The quest for Zero Waste: while one might argue we have to educate customers to the arcane of plastics
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recyclability level, perception will always play a major role in our consumption habits. As such, it would be
foolish to overlook current consumer aversion to all plastics and the need for alternatives (“bring your
own” contents, compostable trays), and their potential impact on food safety. Zero waste also challenges
powerful principles, for example permission to sell items after the “DDM/THT”.
•

The Clean Label enthusiasm: in our desire to achieve healthier food consumption habits, E-numbers and
alike are increasingly undesirable in product formulation. This has an impact on product shelf life or the
threat posed by certain foodborne pathogens.

•

The Authenticity / Market Place trend: a consequence of both the customer’s commitment to local/sensible
production and a tough relationship with its customers in terms of trust, retail tends to let go of its grasp
on product image in favor of a direct commercial/emotional link between the consumer and the producer.
Far from reducing the responsibility of retailers regarding food safety, it is up to them to rise to the
challenge because they become “in charge” of the image of the producer, leading to self-imposition of
requirements they usually require from their manufacturers (such as third party certification).

PERSPECTIVES & RECOMMANDATIONS
The common denominator is that these changes are reshaping and blurring the traditional of accountability used
for managing food safety. In other words, we are moving from a relay course to a team play mode.
For this team to play effectively, unified, fast and reliable communication channels are required. And as all actors
in the food chain must speak the same language, emerging technologies (for example, data transfer protocols)
can support this goal.
Interestingly, this brings us back to one fundamental aspect of food safety management: the chain is only as
strong as the weakest link. By tackling these changing consumer habits in a solidary manner, the industry as
whole can seize these opportunities while offering its customers safe products.
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Session 3
Food safety of changing consumption patterns and novel
foods
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Newly formulated food and microbiological safety: should consumers be concerned?
Jacques Mahillon
Catholic University of Louvain, Belgium
Member of the Scientific Committee established at the Belgian Food Safety Agency
Jacques Mahillon graduated as Master in Bioscience Engineering (1980) from the Catholic
University of Louvain (UCLouvain), where he got his Ph.D. in 1987. After a postdoc in
Molecular Biology (1989-1992) at Harvard University (Cambridge, MA, USA), he joined the
Belgian FNRS as Research Associate (1991-2002) and was appointed Associate Professor
at UCLouvain in 2000. He is/was the supervisor of 42 Ph.D. theses, 29 of which have been
presented, and was jury member of 72 other theses, including 39 in foreign institutions. Prof.
Mahillon is (co-)author of ca. 160 peer-reviewed papers and 9 book chapters, and has an hindex of 47. He has also filed three patents. He is member of the American Society for Microbiology (USA), the
Belgian Society for Microbiology, and the Belgian Society for Food Microbiology (Chairman since 2016). He is
also member of the Scientific Committee established at the FASFC. Prof. Mahillon was Dean (2009-2013) of the
Faculty of Bioscience Engineering, where he is teaching Microbiology, Genetics, Food Microbiology and
Biotechnology.

His research focuses on the following topics:
- Molecular studies on the genetic and genomic plasticity of members of the Bacillus cereus group, including the
food contaminant B. cereus, the biopesticide B. thuringiensis, and the pathogen B. anthracis.
- Contribution of mobile genetic elements and conjugative plasmids to the genomic flexibility and virulence of B.
cereus and functional characterisation of bacterial phages and plasmids.
- Development of biocontrol strategies to control the development of foodborne and plant pathogens, using GRAS
(Generally Recognised As Save) bacteria, antimicrobial molecules and bacteriophages.

Food safety (“sécurité alimentaire”) refers to the necessity to ensure that any product eaten by humans will not
cause any immediate, delayed and/or chronic health interference through the action of living microbes and/or their
toxins. In this context, the term “microbes” includes bacteria, viruses, fungi (mycotoxins), protozoa and helminths
and refers to foodborne pathogens.
The presence and development of these foodborne pathogens depend not only on their primary contamination of
foodstuff, but also on the conditions in which they can survive or grow. As a consequence, "hurdle technologies"
have been developed to prevent or control the development of these microbes in food. These technologies
combine physical (heat, pressure, filtration), chemical (low pH, water activity) and biological (antimicrobial
compounds) strategies. Their efficacy depends on the type of microbes, food matrices (composition and
organoleptic properties) and consumer eating behavior and habits (e.g. raw versus cooked food).
For more than 10,000 years, since human settlement, preservation of food was essentially empirical, the result of
trials and errors that gave us valuable practical knowledge in the use of conservation techniques such as salting,
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drying or microbial fermentation. However, during the last 30 to 50 years, numerous changes have been observed
in the type of food, diet and eating habits among western consumers. They include Ready-to-Eat (RTE) and MAP
(Modified Atmosphere Packaging) foods, novel and exotic dishes, as well as new trends in human diets (organic,
vegan or flexitarian, among others). There is also a growing demand from consumers for more "natural" and less
"chemical" ways to preserve food.
In order to set the answer to the question "should the consumers be concerned about the newly formulated and
trendy foods ?" a survey of related scientific publications and opinions from reference agencies will be presented,
including from EFSA (European Food Safety Authority), ANSES (Agence Nationale de sécurité sanitaire de
l'alimentation, de l'environnement et du travail, France), CIFS (Canadian Institute of Food Safety) and FASFC
(Federal Agency for the Safety of Food Chain or FAVV-AFSCA, Belgium).
Based on these observations and on the current knowledge in food pathogens, a summary of the major points of
attention will be presented, with a particular emphasis on the most sensitive foods and food products, and on
situations with the highest risks for the consumers' health.
A review of recent alternatives and strategies developed in food safety will also be summarized. They are inspired
by the observation that beneficial microbes can be tamed and harnessed to control deleterious ones. These
strategies include the use of bacterial and fungal molecules (e.g. bacteriocins) or bacterial viruses
(bacteriophages or phages) to interfere with the development of foodborne pathogens without causing any harm
to the consumers and by preserving the organoleptic features and nutritional values of foods.
As conclusion, several recommendations will be made on the necessary actions that should be taken by food
safety agencies, and consumers, for better prevention.
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New consumption patterns and chemical food safety risks
Bruno De Meulenaer
Ghent University, Belgium
Member of the Scientific Committee of the Belgian Food Safety Agency
Bruno De Meulenaer graduated in 1994 from Ghent University as bioengineer in chemistry and
started his career as scientific researcher, assistant and doctor-assistant in Food Chemistry and
Chemical analysis of foods. He obtained his Ph.D. in the field of chemical interactions between
packaging materials and foodstuffs in 2002. Since November 2005, Bruno De Meulenaer is
professor in Food Chemistry and Chemical analysis of foods at Ghent University. He leads a
research group on chemical food safety, food quality and risk assessment. Bruno De Meulenaer
is member of the Scientific Committee established at the Belgian Food Safety Agency.

Abstract
Recently published dietary guidelines and international reports with respect to healthy diets from sustainable food
systems clearly intend to create a shift in protein intake from animal to plant foods, such as legumes, nuts, seeds
and cereals. In such recommendations the potential introduction of new chemical hazards or the increased
exposure to known chemical hazards are not considered. This paper tries to fill this gap in order to create and
increase awareness in this respect on the level of the involved stakeholders.
As a result of the increased consumption of legumes, seeds and nuts, an increase in the prevalence of food
allergies to these specific commodities can be expected. In parallel, the number of such foods to which a
significant part of the population may develop food allergies will increase. As plant foods contribute currently most
to dietary nickel intake and because legumes in particular contain significantly higher concentrations of nickel
compared to other plants because of the metal’s role in nitrogen fixating enzyme systems, a further aggravation
of the dietary nickel intake, already considered as a concern, is to be expected. Plant foods moreover contain a
variety of toxic phytochemicals such as phytoestrogens, non-protein amino acids, protease inhibitors, amylase
inhibitors, lectins, saponins, tannins and phytates. The proteinaceous toxins can be partially inactivated by very
intensive heat treatments, which however induce the formation of process contaminants as a result of the
racemization of amino acids and the cross linking of proteins. As plant foods typically contain relevant
concentrations of free amino acids, in particular free asparagine may result in the formation of acrylamide if such
foods are roasted, baked or fried. This would aggravate the dietary exposure to this genotoxic carcinogen which
is already considered to be of concern. Finally, various cereals, legumes, seeds and nuts are prone to infestation
with moulds of which some may produce mycotoxins such as aflatoxins, ochratoxin A, fumonisin or
deoxynivalenol. An increased consumption of such foods is likely to result in an increased dietary exposure to
several of these mycotoxins.
This paper emphasises that care should be taken that diets remain diverse enough in order to ensure that
exposure to the various chemical hazards present in the variety of foods remains below health based guidance
values for a large majority of the population. A too strong shift in the diet towards protein containing plant foods
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aggravates chemical risks which currently are considered as a concern and will result in other chemical hazards
to become a concern.

Introduction
As a result of a variety of factors, dietary patterns are changing and are becoming more diverse. This was
illustrated in several of the contributions to this symposium. One of the important drivers with respect to these
changes are dietary guidelines which are an important tool for policymakers to steer dietary behavior with the
overall goal to improve public health. Recently in Belgium new food based dietary guidelines for the adult
population were released by the Federal Public Service for Public Health, Safety of the Food Chain and
Environment (SHC, 2019). These guidelines focus on nutrients and are in first instance aimed to be used by
nutritionists and healthcare professionals. Apart from considering the important link between diet and health, the
guidelines also take into account social aspects of the link between eating, health and well-being, but also
sustainability considerations. The guidelines are summarized in 5 key messages in order to increase the
consumption of whole-grain products, fruit and vegetables, legumes, nuts and seeds and to limit the salt intake.
In line with previous dietary guidelines a clear message to limit animal protein intake (typically from red meat) is
given, in order to stimulate a shift to protein intake from plant sources. This particular element should also be seen
in perspective of the sustainability considerations. The food based dietary guidelines are in line with the previously
released food triangle by the Flemish Institute Healthy Living (Gezond Leven, 2019). These guidelines follow also
the clear trend set in the international scientific scene as exemplified and argued by the EAT Lancet Commissions’
opinion about ‘Food in the Anthropocene’ on healthy diets from sustainable food systems (Willet et al., 2019, EAT
Lancet, 2019). Remarkably in such guidelines and opinions, foods are classified as healthy and less healthy, while
it seems more appropriate and sound to evaluate diets, as a combination of different foods, as healthy or less
healthy.
Similarly, in these dietary guidelines and opinions little or even no attention is given to food safety issues, apart
from the mentioned contribution of red meat consumption to colon cancer. Nevertheless it is obvious that by the
dietary transition which is aimed at and argued for in these useful guidelines particular chemical food safety issues
are introduced or the exposure to particular chemical food safety hazards is likely to be increased. The goal of
this presentation is to fill in this particular gap in order to create and increase the awareness in this respect on the
level of all the stakeholders involved. Obviously this paper can be interpreted as a criticism to these guidelines
and opinions. It is emphasized though that this is clearly not the intention and the sole focus of this paper is to
give an overview of chemical food safety risks which will become more relevant as a result of the aimed dietary
transition.
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Figure 1. Graphical representation of various food dietary guidelines and related opinions
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Allergens
There is a general agreement that the food allergen issue is already a main food safety issue. Prevalence of food
allergy is increasing both quantitatively (number of allergic patients) and qualitatively (number of foods which are
considered as important sources of allergens) (SciCom, 2017). Food allergens are proteins which upon exposure
induce in the body of an allergic patient a reaction of the immune system leading to mild to life threatening
reactions. Various studies suggest an increased prevalence of food allergy in higher socioeconomic populations,
although evidence of such associations are still controversial (EFSA, 2014). In addition, various allergic proteins
exhibit a number of common properties which can be considered as an alert for potential allergenicity. These
include the capacity to retain their native 3D structure upon various treatments, a higher resistance to proteolysis
as typically observed for glycosylated proteins and the formation of non-covalent aggregates during digestion or
processing. Food allergens of animal origin are considerably less numerous than allergens of plant foods, despite
the high incidence of animal proteins in the diet. This is a relevant observation as there is a general agreement
that if a food is commonly eaten that the induction of allergy to that particular food is more likely and that allergic
reactions are more frequently induced. This discrepancy should be seen in perspective of the earlier mentioned
common properties of allergic proteins which are typically more applicable to proteins from plant foods. So by
introducing more frequently and higher amounts of various plant proteins in the diet, a further quantitative and
qualitative increase of the prevalence of food allergies should be anticipated for.
If the specific plant food allergens are considered (Figure 2), it is obvious that with respect to the plant related
proteins, products of various plant groups are considered (cereals, nuts) or various relevant allergens belong to
the same family of plants (Fabaceae: soy, peanuts, lupins).

Figure 2. Food allergens considered in EU as priority and should be labelled if added to foods.
(https://www.safefood.eu/Professional/Food-Science/Allergen-Resource/Helping-your-customers.aspx)

These observations are relevant for at least two aspects: the aspect of cross reactivity and the recommendation
to increase the consumption of legumes and nuts and seeds respectively.
The aspect of cross reactivity is related to the structural homology of proteins from different origins due to a highly
conserved 3D structure and function. Thus plant allergens can be classified in only four protein families: the
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prolamin family, the cupin family, the profilins and the Bet v1 (from Betula verrucosa, or white birch) family. This
cross reactivity creates a multiplicator effect in which implies that for instance a chickpea allergic child, is likely to
be develop allergic reactions to lentils and peas as well, as a result of cross reactivity (Kumar Verma et al., 2013).
The relevance of the second aspect becomes immediately clear from this example as well. By introducing and
stimulating the consumption of legumes as a source of plant proteins in our diet, the prevalence of allergies
towards Fabacea will inevitably increase both on the level of number of patients (prevalence, quantitative aspect)
and on the level of number of Fabacea involved (qualitative aspect).

Nickel
Nickel is a structural element of the urease and hydrogenase enzymes which play a key role in the nitrogen
metabolism of nitrogen fixating plants such as legumes. Also in other plants, nickel plays an essential role. The
nickel content of plant foods depends upon the presence of nickel in the soil and the nature and absorption
capacity of the plant (Welch, 1981). Plant foods are considered to be the key source of dietary exposure to nickel
in humans. Currently, main foods contributing to the intake of nickel are chocolate, cereals, nuts and peanuts, but
it is obvious that as a result of the considerably higher nickel content in legumes (i.e. nitrogen fixating plants) and
the aim of the dietary guidelines to increase legume consumption, that the overall nickel exposure will increase
as will the contribution of legumes to the overall nickel intake. EFSA (2015a) considered the reproductive toxicity
of nickel in experimental animals as critical effect. EFSA (2015a) however expressed concerns with respect to the
current chronic dietary exposure to nickel (P 95) as it exceeded up to 7 times the tolerable daily intake. It is obvious
that an increased legume intake as a result of the dietary guidelines will further aggravate the nickel exposure.

Toxic phytochemicals
Plants typically grow in a hostile environment consisting of various biological threats and pests. In order to protect
themselves, plants have developed a series of strategies including the use of phytochemicals. Various of these
substances are also toxic to animals and humans and thus are also relevant to be considered in the context of
this paper. Some of these substances are considered as anti-nutritional factors as they affect the bio-availability
and digestibility of nutrients, but it is probably more generic to consider them in general as toxic substances, as
they can lead to other effects in the body in addition to the nutritional disorders and also because other toxic
phytochemicals have no nutritional relevance.
Again, in particular legumes contain a variety of toxic substances. Various legumes contain relative potent
phytoestrogenic isoflavones (geneistin and daidzein) (Doerge and Sheenan, 2002). As a result in various
countries the use of soy based drinks by infants as alternative to milk is not recommended because of their
presence. Legumes may contain also so called non-protein amino acids. These amino acids defer from the
classical 20 amino acids (and some derivatives) that are typically incorporated in proteins and their intermediates
or metabolites. Due to their presence in various species of the legume genus Latyrus such as grass pea (L.
sativus) these legumes implicated as causes of neurological disorders in animals and humans. Some of these
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species are currently consumed only in a limited and on a very local scale, but care should be given if such crops
are consumed on a larger and more general scale as a result of the dietary recommendations (Rodgers, 2014).
Legumes contain also a variety of toxic proteins (Gupta et al., 2016). A first group are the protease or peptidase
inhibitors, such as trypsin and chymotrypsin inhibitors. Trypsin and chymotrypsin are key enzymes in the digestion
of proteins. Systematic exposure to active inhibitors of these enzymes affects protein bioavailability but may also
lead to hypertrophy of the pancreas. Similarly, amylase inhibitors may be present which affect the digestion of
starch. Lectins are able to bind carbohydrates and thus bind to glycosylated proteins. This leads to an in vitro
agglutination of red blood cells. In vivo, the binding to the intestinal cell wall and its inhibiting impact on membrane
repair is probably more relevant. Exposure to high levels of lectins in humans is reported to result in acute toxic
effects such as nausea, vomiting, bloating and diarrhea, while in animals also growth and metabolism is affected.
The biological activity of these toxic proteins can be inhibited by denaturing them, which is typically induced by
heating. Unfortunately however, the intensity of the heating processes needs to be quite high, because both the
protease inhibitors and lectins are known to be notoriously thermally resistant. In addition, the seeds need to be
soaked in water for a considerably time in order to guarantee full hydration of the matrix, as otherwise heat induced
denaturation does not occur at all. It is obvious that the soaking can lead to leaching of water soluble nutrients
and that the intensive heat treatment affects nutrients such as essential amino acids and thiamine (vitamin B1).
In addition, process contaminants can be formed which will be considered later.
Saponins, phytates and tannins are present in a variety of seeds, legumes, nuts and cereals. Saponins are surface
active phytochemicals which may also affect the integrity of the intestinal cell wall, such as lectins. Phytates are
strongly phosphorylated sugaralcohols which limit the bioavailability of minerals. Tannins are complex
polyphenols and are typically present in the dark colored seed coat. They bind to proteins and enzymes. The
concentration of these particular phytochemicals can be lowered by for instance leaching to water or via
fermentation.

Process contaminants
As mentioned above, various plant foods contain toxic phytochemicals. Their content or activity can be decreased
to some extent via processing, however typically requiring intensive time/temperature combinations. As
mentioned already it is also of outmost importance that the matrices are fully hydrated, which is also sometimes
hampered because of the nature of the starch in some legumes. Intensive processing obviously affects the
nutritional quality of foods in general. In protein rich plant foods however also the chemical changes on the level
of proteins should be considered. Upon thermal treatment in moist environment, the amino acids in proteins will
form racemates: the L-amino acids are racemized to D-amino acids. Such amino acids are nutritionally not
relevant but more importantly may exhibit toxic properties. As a further consequence of this reaction, which
proceeds via the loss of a H-atom at the α-carbon atom of the amino acid and thus the formation of a carbanion,
dehydroalanine can be formed which is a key intermediate in the formation of so-called protein cross-links. Crosslinked proteins are known to have lower digestibility and some of the reaction products are also known to be toxic.
Another process contaminant which is relevant to be considered in heated plant foods is acrylamide. This
genotoxic carcinogen is mainly formed as a result of the Maillard reaction between free asparagine and reducing
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sugars at temperatures above 120°C. Free asparagine refers to the amino acid asparagine which is however not
incorporated in a protein structure. The presence of free amino acids in general is typical for plant foods. So upon
roasting, frying and baking these products, it is probable that acrylamide is formed. As EFSA (2015b) and also
SciCom (2014) concluded that the dietary exposure of acrylamide to respectively the European and Belgian
consumer is representing a concern, it is obvious that additional sources of acrylamide exposure in our diet apart
from the current ones would aggravate this risk.

Mycotoxins
Mycotoxins are secondary metabolites of moulds which are toxic for livestock and humans. As moulds typically
infest plants and plant derived products, it is obvious that the mycotoxins are typically found in such food matrices.
Their presence can be due to pre-or postharvest infestation of the crop or product, or both. The presence of
mycotoxins in animal products (e.g. milk, liver) is the result of a transfer from the feed to the relevant tissues or
excretion products and not due to an infestation of the relevant products with the moulds. With respect to the plant
foods considered as priority in the Belgian Food Dietary Guidelines, nuts and seeds, cereals and various legumes
(in particular peanuts and chickpea) are the most relevant for the presence of mycotoxins. As in the guidelines
the use of spices is considered as a good alternative for salt in order to add flavor to foods, spices should be
considered as well in this respect.
As a rather specific relationship exists between the infested plant and the mould, specific mycotoxins can be
associated with particular crops or foods. In addition, as climatological conditions affect the types of moulds
present in the environment and their growth on a specific plant, also a geographical dimension should be
considered to identify key mycotoxins in particular foods. Finally, there is a large variation in the toxic potential of
the high number of mycotoxins which are described. Key mycotoxins and their associated matrices are the
following in the considered perspective: aflatoxins (peanut, corn, various nuts and seeds, typically sourced from
warmer climates, spices, chickpea) (EFSA, 2019, Ramirez et al., 2018), trichothecenes such as deoxynivalenol
(various cereals) (EFSA, 2017), fumonisins (corn, some legumes) (EFSA, 2018) and ochratoxin A (cereals, nuts
and seeds, spices, chickpea) (EFSA, 2006, Ramirez et al., 2018). It should be noted that incidence with respect
to the presence of mycotoxins in legumes, apart from peanuts is scarcely documented. With respect to the toxicity,
aflatoxins and ochratoxin A are considered as genotoxic carcinogens, fumonisins as probably human carcinogens
and deoxinvalenol shows a broad variety of toxic symptoms related to its impact on protein biosynthesis and the
immune system.
The mycotoxin issue should also be seen in the perspective of the global climate changes which amongst other
phenomena result in a clearly higher vulnerability of corn for aflatoxin contamination on the European continent,
whereas some decades ago the corn-aflatoxin issue was typically associated with tropical growing areas. Similarly
the higher demand to proteinaceous plant crops will result in increased import from third countries with climates
favoring mould infestation in the agri-food chain or will lead to increased production in Europe which could
potentially trigger new host-mould relationships.
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Conclusions
An increased consumption of a variety of proteinaceous plant foods such as legumes, seeds, nuts and cereals in
our diet is recommended in food based dietary guidelines. This dietary shift will however increase the exposure
to a number of chemical hazards which are inherently linked to a variety of plant foods. Care should be taken that
diets remain diverse enough in order to ensure that exposure to the various chemical hazards present in the
variety of foods consumed remains below health based guidance values for a large majority of the population. A
too strong shift in the diet towards protein containing plant foods aggravates chemical risks which are currently
considered as a concern and will result in other chemical hazards to become a concern.
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Abstract
As the world population grows, there is a rising need to provide adequate high- or rich-protein foods, including
novel sources, not yet used for human consumption. However it is well known that proteins are also associated
with allergies. Consequently any new food protein requires a risk analysis of its allergenicity before it can be
proposed for human consumption.
.

IgE-mediated food allergies are regarded as a relevant health concern and affect up to 0.1–3.2% adults and 0.1–
5.7% children in Europe.1 Allergenic risk assessment has been installed in order to protect allergic consumers.
For Europe a list of 14 allergenic foods and food groups (milk, egg, fish, crustaceans, molluscs, tree nuts, peanut,
soy, wheat, lupine, sesame, mustard, celery, and sulfit (for hypersensitivity reasons)) has been set and labeling
of these foods is mandatory when used in food products. Concerning genetically modified organism-derived foods
(GMO), allergenic risk assessment has been established by the European Food Safety Authority (Figure 1).2,3
Nevertheless, the GMO allergenic risk assessment needs urgently to be re-evaluated for its applicability for risk
assessment of novel food proteins.

.

Thanks to the funding organization “European Cooperation in Science and Technology » (COST), the COST
Action « Improving Allergy Risk Assessment Strategy for New Food Proteins » (ImpARAS) was created in 2014.
The aim of this ACTION was to build an interdisciplinary European network of scientists with a broad range of
expertise to discuss new ideas and more predictive models and approaches to improve the current allergenicity
risk assessment strategy. This network was composed of more than 300 members coming from industry,
universities, research institutes, hospitals and the European Food Safety Authority from 30 countrie. 4 During four
years we discussed strategies to Improve Allergy Risk Assessment for New Food Proteins. Some of the findings
and issues for this latter purpose are discussed hereafter.
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Food allergy is a complex disease subsequent from primary (sensitization) and secondary (elicitation) responses
against food proteins. For some individuals, during the sensitization phase, food proteins may induce specific
Th2-type allergic responses resulting in the formation of specific IgE antibodies. The presence of IgE antibodies
is a prerequisite, but is not the only requirement for the development of clinical allergy. There is no clear
relationship between the intensity and degree of sensitization and its progression into adverse clinical events.
The current assessment of allergy risks for a novel protein sources relies mostly on the guidance of allergenicity
assessment for genetically modified plant foods. The most recent one was proposed by EFSA (2010 and 2011):
the so- called “weight-of-evidence approach”. This current GMO risk assessment includes several steps (Figure
1). The newly introduced gene and its product are analyzed for potential sequence and/or structure similarity to
known allergens. In parallel, sera from allergic donors are used in in vitro assays to investigate whether significant
higher IgE binding is observed in the GMO-product as compared to its isogenic counterpart (specific serum
screening). Furthermore, protein stability against gastric and duodenal digestion is analyzed, since prolonged
stability of proteins may increase the allergenic activity versus labile proteins, which are easily degraded into
peptides. Also proteins may vary in their stability when exposed to thermal or chemical treatment; increased
resistance may point toward an elevated allergenic risk. Finally, for allergenic risk assessment of GMO foods the
comparative compositional analysis of the GM organism versus the isogenic line or appropriate comparators is
required.

Figure 1 (adapted from Mazzucchelli G. et al.)5

Flow chart on current risk assessment approach for GMO risk assessment adopted for novel foods from EFSA.
Allergenic risk assessment of novel foods focusing on allergenic cross reactive structures.2,6,7
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Considering novel food proteins, two different scenarios of allergic sensitization exist and have to be assessed.
The first scenario is the presence of already known or homologous (pan-) allergenic structures in novel foods
(cross-reactivity). In this case a comparative and targeted assessment can be performed (Figure 1). In the second
scenario allergic reactions are observed toward novel allergenic proteins and no reference material is yet
available. In addition, no prospective target serum screening can be performed. 7 For the latter scenario welldefined and predictive cellular assays and animal models are missing. The current methods applied for in vitro
testing are then not directly applicable for novel food proteins. Indeed, most of the time, they rely on crossreactivity and they are not able to detect/identify neither de novo sensitizers nor novel protein allergens. Table 1
summaries the gaps and limitations of available methods and tools in the current risk assessment of novel food
proteins. One of the major concerns is the need for harmonization of protocols or at least guidance in calibrating
the assays with appropriate reference proteins that present low and high allergenicity, respectively. The
identification and availability of such reference proteins may help comparing data sets obtained by the various
assays. Collaborative ring trials should determine the robustness of individual techniques. To build new predictive
models, more data are needed that should be available in harmonized public databases. For example, data on
how food processing and food matrix interaction such as ligand binding, modify the allergenicity of proteins are
currently missing. Finally, additional cellular (e.g. dendritic cell) assays and animal models need to be developed
and validated, ideally using a reference set of allergenic and nonallergenic proteins of nonhomologous sources.

Table 1 (adapted from Mazzucchelli G. et al.)5
Box: Gaps identified in the current risk assessment and recommendations for further research

Methods and tools

Gaps and limitations

Allergen databases

Different databases provide different levels of information; Some
of them are not regularly updated/curated and therefore relevant
information is missing or available information outdated;
Inclusion criteria for allergenic proteins vary for individual
databases

Analytical methods

Highly sensitive and advanced methods available for protein
characterization;
Sample preparation especially for complex food extracts is
sometimes difficult (lack of harmonized protocols);

IgE binding assays

Well standardized reference assays including reference proteins
are missing. In case of novel proteins no reference material is
available;
If IgE is not available, animal derived antibodies can be used

Digestion assays

Lack of harmonized protocols, guidance how to interpret data, and
reference material;

Food processing
techniques

The current knowledge on food processing and its impact on
allergenicity is incomplete;
Lack of knowledge about which methods are the most relevant
ones to up- or downregulate allergenicity
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Food matrix

Analytical methods are established—but limited data are available
showing a link of food matrix components to allergenicity;

Biological assays

Reliable assays to assess de novo sensitization are lacking.
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Food packaging plays a key role in ensuring the quality and the hygienic safety of food products, all along the life
cycle of the packed food as well as for information about food and brands. However, the complex Food Contact
Materials (FCM) used for (i) food protection from a few days to several years, (ii) handling and transport contain
a vast number of components which may migrate (transfer by diffusion or surface release) into food.
This transfer phenomenon concerns all materials, whether plastic, wood, glass, paper and cardboard, cork,
metals, and so on...

Schematic picture of interaction between FCMs and foodstuffs

Interactions between food and FCM are sometimes desirable, like in wood barrels for breeding of wine. However,
migration of chemicals (natural or synthetic) from packaging into the food may have also heavy consequences in
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terms of public health. Such behavior and potential related consequences, is the driving force of an important
societal debate more and more in force focused mainly on plastic final articles, dealing at the same level heath
effect and environment impacts.
Facing such situation, food industry and material producers (including Small and Medium Enterprises (SMEs))
look for alternatives to substitute petrol-based materials by “greener” materials (bio based and/ or bio degradable,
compostable and/ or recycled ….) firstly to respond to environment and societal issues with sometime a partial
characterization of the safety due to the lack of available guidelines.
From a regulatory point of view, the European background is based on Member States risk assessment and risk
management approaches to protect the health of consumers and which were first implemented on a case-by-case
basis. The gradual structuring of the European Union has led to continuous regulatory harmonization in some
sectors, by defining rules for risk assessment and/ or risk management with the objective of free circulation of
goods between Member States and to ensure high protection of consumers health.
In term of risk management at European level, two main pillars frame materials in contact with food.
The first one is article 3 of the framework Regulation (EC) N°1935/2004, which is an essential article of the FCM
legislation, applicable to all type of materials or final articles. It emphasizes that “Materials and articles, including
active and intelligent materials and articles, shall be manufactured in compliance with good manufacturing practice
so that, under normal or foreseeable conditions of use, they do not transfer their constituents to food in quantities
which could:
(a) endanger human health; or
(b) bring about an unacceptable change in the composition of the food; or
(c) bring about a deterioration in the organoleptic characteristics thereof.
It sets also the general procedure for the authorisation of substances in food contact materials i.e : “no substance
shall be authorised unless it has been adequately and sufficiently demonstrated that, when used under the
conditions to be set in the specific measures, the final material or article satisfies the requirements of Article 3”
The second one is the Good Manufacturing Practice (GMP) Regulation (EC) No 2023/2006 which obliges any
producer to define aspects of quality assurance which ensure that materials and articles are consistently produced
and controlled to ensure conformity with the rules applicable to them and with the quality standards appropriate
to their intended uses by not endangering human health.
Tools to fulfill those contracts of objectives defined within above framework regulations are known as specific
legislations, each dedicated to a material. Unfortunately, at European level few sectors are covered by a
harmonized legislation. Even if there is a lot of debates on plastic regulation (EC, N° 10/2011) and its efficiency,
it is the most structured, harmonized legislation. It contains a list of authorized chemicals, based on risk
assessments performed by EFSA, and migration limits to comply based on migration tests to perform.
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Overview of European legislation in force for food contact materials

For other materials national regulation have to be followed with sometimes differences between member states
which can induce burdens for industry and gaps in terms of risk management.
For materials more “environmentally friendly” a lot of different scenario have to be considered depending if they
can be or not associated to a legislation in force. The aim here is not to order them in terms of potential risks
neither to oppose them to each other. We would like to highlight specificities of these materials and associated
questions for which technical and legislative work will or would be required to ensure the same level of safety for
any material placed in contact with foodstuff.
Referring to the plastic regulation, used monomers and additives, bio-based or not, have to follow the same
process prior authorization. A dossier is submitted to EFSA, following available guidance. Experts assess
toxicological and migration data. In the published opinion, if necessary, a specific migration limit (SML) is defined
to weight the exposure to a level inducing no safety concern. This threshold is then integrated into an amendment
of the plastic regulation to which industry has to comply.
But, even within this most harmonized legislation i.e: plastic regulation, not well detailed criteria may open the
door to complex situation to manage. As example, the positive list refers mainly to pure components and polymers.
But there are a few substances referring to complex components, e.g. « wood flour and fibers, untreated» «
lignocellulose ». which are complex natural ingredients with potentially multiple compounds involved. There is no
clear criteria associated to comply.

66

For technical or environment reasons, it cannot be excluded to compound those materials with plastic resins
inducing open questions.
If we talk about wood flour / fiber, which wood species? which criteria to comply with the wording “untreated” in
terms of chemicals and thresholds. As natural product, contamination by ubiquitous environmental contaminants
cannot be excluded, but none criteria is mentioned that could be screened as quality control ? The lack of
guidelines to follow is not a safety factor.
If we talk about “lignocellulose”, the questioning could be the same. Which fibers are acceptable when we know
that some vegetable substrates can bioaccumulate heavy metals. Of course my argumentation is too strong, but
the questioning on good manufacturing practices to establish for a better safety from the land to the final material
is real and to discuss. Criteria have to be set.
Purity criteria is not the only parameter to fix. Morphology and load ratio of fibers in plastic resins can influence
mass transfers and induce an exceeding of the overall migration. It could then be necessary to optimize the design
of used fibers and to refine raw materials to decrease the level of soluble components and to comply with overall
migration level.
On the other hand, one may wonder if some requirements from the plastic regulation should be amended, adapted
to bioplastic e.g : migration testing conditions. Those ones were developed to mimic in an accelerated test the
level of mass transfer reached during the shelf life. They were established on historical thermoplastic polymers
such as polyolefins, polyesters which are quite stable in function of time. Biodegradable polymers can lead to
reactions of hydrolysis even at room temperature, with no effect on the functional properties but, they increase
the oligomers content. We cannot exclude a gap on overall migration results and related compliance between the
material tested just after process versus an “aged article”.
That were some reflections only linked with the field of plastic materials, but we start to see the development of
new innovating packaging systems to replace either a material and corresponding uses, or a final article.
Two examples, such as bee’s wraps or cups produced from recycled ground coffee mix with biopolymers were
taken from the web. They will be used during the presentation to illustrate gaps between innovation, regulatory
guidelines and / or risk assessment. The purpose here, is of course not to suggest that corresponding producers
have not performed adequate risk assessment, to ensure that the final article complies with article 3 of regulation
1935/2004. Our objective is to highlight potential ways of thinking to ensure that there is no safety concern when
no dedicated regulation covers our field. But in lack of harmonized guidelines it could be a case by case procedure
and producer dependent.
Bio materials are one way to go one step forward on more environmentally friendly packaging but this step must
be done with the same level of requirements as it is done for other materials. A harmonization work between
industry and risk assessors/ managers is crucial to facilitate the emergence of these new products for defined
applications.
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