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Editorial
Dear Reader,
Here is the 20th edition of Labinfo for 2021.
As in 2020, in 2021 the Agency had to take into account the specific situation caused by the
coronavirus crisis. The Agency therefore had to constantly adapt its way of working, according to the situation, so it could comply with the measures imposed by the government. As a
result, we have continued to use video conferencing and teleworking. As in previous crises
and in 2020, despite these circumstances, the Agency was able to count on the support and
collaboration of the NRLs and some approved laboratories. I would like to thank all the parties
involved for their cooperation.
Since the end of 2020, with the establishment of the new government, the Minister in charge
of the FASFC has been David Clarinval, Minister of Small Businesses, the Self-Employed, SMEs,
Agriculture, Institutional Reforms and Democratic Renewal. The Agency has therefore been
able to draw up its new 2021-2024 business plan.
This year, our General Manager Bert Matthijs left us for new adventures. After a busy career
in the Agency, in the services of the Chief Executive Officer, in the Directorate-General for
Control and finally for six years as Director General of the DG Laboratories, Bert has decided
to continue his career as Operations Administrator at the FPS FIN - Customs Service. We thank
him for all his work and wish him well in his new position.
The articles published in this issue deal with a variety of subjects: the presence of acrylamide
in certain foodstuffs, the presence of the Asian hornet in Wallonia, the presence of chlorinated
paraffin in foodstuffs, the presence of arsenic in clay-based food supplements, the presence
of melamine in bamboo containers, the presence of Klebsiella in waste water, the detection of
unauthorised genetically modified micro-organisms in food enzyme products and the presence of cardiac glycosides in products of plant origin.
I hope you enjoy reading this twentieth edition of Labinfo.
Yasmine Ghafir
Director of External Laboratories
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Is acrylamide also present
in less studied food ?
Philippe Szternfeld, Virginie Van Leeuw, Laure Joly
Sciensano
Organic Contaminants and Additives
Rue Juliette Wytsman 14, 1050 Brussel
Philippe.szternfeld@sciensano.be

Background
Acrylamide is a chemical substance that has been classified as probably carcinogenic to humans by the
International Agency for Research on Cancer due to its carcinogenic effect on rodents. Since its discovery
in 2002, acrylamide content has been extensively studied in some food products, mainly in fries, potatoes
crisps, coffee, bread and biscuits. The Regulation (EU) 2017/2158 established benchmark levels for some food
categories that the food sector should be able to achieve when respecting good practices. Benchmark levels
were only set for foods with enough occurrence data and for which mitigation measures could be included
in the regulation. The levels are established at a level as low as reasonably achievable with the application of
all relevant mitigation measures. However, not all food categories are included in this Regulation and other
types of food may contain significant quantities of acrylamide [1]. To remedy this shortcoming, the European
Commission published Recommendation (EU) 2019/1888 [2] concerning the monitoring of the presence of
acrylamide in various type of foodstuffs (figure1).

Figure 1:exemple of food samples selected from the Belgian market
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In parallel, EFSA also issued a call in October 2019 to collect acrylamide levels data for foodstuffs based
on chia seeds or chia flour and which have undergone a cooking process that may lead higher acrylamide
content in comparison with similar food item based on wheat flour [3, 4]. Therefore, the Federal Public
Service Health, Food Chain Safety and Environment financed a study in order to collect additional data on
acrylamide contamination for different food categories in Belgium, as targeted by Recommendation (EU)
2019/1888 and the EFSA call. The impact of domestic cooking practices of the Belgian population were also
investigated through a small study.

Analytical method
A QuEChERS extraction based method has been developed as it is capable to deal with the huge variety of
food categories targeted by Recommendation (EU) 2019/1888. First, the food commodities were regrouped
based on their main content. Next, specific clean-up procedures were developed using dispersive solid
phase extraction (SPE) with variable quantities of PSA and C18. Commodities known as challenging regarding
acrylamide analysis (mainly coffee and cocoa powder) have been classified in a group “difficult commodities”
requiring a more specific and intensive clean-up based on a SPE mixed-mode. These methods allow to reach
a Limit of Quantification (LOQ) of 20 µg kg-1 and have been validated for all food categories before being
applied for the analysis of 217 samples.

Summary of findings for the Belgian market
FOOD COMMODITIES WITH LOW ACRYLAMIDE CONTENT
For some food products (figure2), very low amounts of acrylamide have been found (<60 µg kg-1) or
acrylamide was not even detected. This was particularly the case for the samples of “bread” (e.g. milk rolls,
hamburger bun, tortilla, etc.) and “pastries” (e.g. viennoiseries, donuts, churros, pancakes and zakouskis).

Figure 2: food commodities with low acrylamide content
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Regarding all type of bread and pastries, low level in acrylamide can be explained by the fact that only a small
portion of samples are “burned” and that the acrylamide content is diluted in the total volume of the food
product.
FOOD COMMODITIES WITH HIGH VARIABILITY OF ACRYLAMIDE CONTENT
Certain food categories were characterized by a high variability in the acrylamide concentrations (figure 3):
samples based on cereals such as rice and corn waffles, crackers, cocoa powder, nuts, oil seeds and all type of
coffee substitutes.

Figure 3: acrylamide concentration range for food categories: cocoa powder, nuts, oil seeds, crackers and
coffee substitutes

For such food commodities, the variety of cereals, their geographic origin can play an important role
regarding acrylamide content and the transforming process as well. But such information is not easily
available. For coffee substitutes based on fruits, plant and/or nuts strong variations were found ranging
from below the detection limit up to 4389 µg kg-1. When taking into account the sample composition, no
acrylamide was detected in the coffee substitutes based on fruits, while nuts and/or plant based coffee
substitutes showed acrylamide levels similar to regular coffee (29 – 184 µg kg-1). Finally, coffee substitutes
based on chicory, roots and rhizome showed higher concentrations (of acrylamide) as acrylamide is produced
in higher quantity when processing roots in comparison to processing leaves or other parts of plants.
FOOD COMMODITIES HIGHLY CONTAMINATED IN ACRYLAMIDE
Very high concentration of acrylamide (up to 3063 µg kg-1) were found in vegetable-based crisps (sweet
potato, parsnip, carrot, beetroot, cassava). Although no benchmark level is available for this food category, 3
of these samples had to be notified to the Federal Agency for the Safety of the Food Chain (FASFC) because of
the potential health risk of their concentrations (> 1500 µg kg-1). High acrylamide levels were also observed
in some black olive samples, especially for samples containing the additive E579. A Danish study [5] showed
that black olives following a cooking process can reach acrylamide content up to more than 5000 µg kg-1. It
will be interesting to see the combined results at EU level to get a more overall picture for olives.
FOOD CONTAINING CHIA SEEDS
Concerning food items containing chia seeds (cookies, bread, tortilla), no acrylamide has been found in
more than 50 % of the samples. When acrylamide was detected, concentrations ranged in the same order of
magnitude as similar samples without chia seeds. Hence, these results show no evidence that the presence of
chia seeds can be responsible for the generation of higher concentrations of acrylamide.
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POTATO BASED PRODUCTS
Prior to the determination of acrylamide content, samples of the selected frozen pre-fried potato products
were cooked using a deep fryer or oven depending indication on their label. The acrylamide concentration
varied from below the detection limit up to 1503 µg kg-1 in the fried potato products (röstis, croquettes,
pommes duchesses, potato balls/cubes). This can originate from many different sources (e.g. potato variety,
storage conditions, initial concentration in acrylamide precursors, etc.). Also the shape of the food can be
important. Potato balls and potato cubes have a higher surface-volume ratio compared to the classical
croquettes, leading to higher concentrations of acrylamide.
The link between acrylamide content and the final coloration of the product has also been made. The figure
4 shows that the darker the coloration is, the more contaminated in acrylamide is the food product. It is
interesting to see that when a golden colour is obtained, acrylamide contamination is systematically below
the benchmark of the most closely related food category (i.e. French fries - 750 µg kg-1).

Figure 4: Link between acrylamide content and the coloration after cooking for some potato based products
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STUDY ON COOKING HABITS OF BELGIAN CONSUMERS
Fourteen candidates were recruited and were asked to complete a questionnaire related to their cooking
habits in general (e.g. following of the instructions on the packaging, criteria for when the preparation is
stopped, etc.). At the same time, they were asked to prepare, according to their own habits, samples of
croquettes, sweet potato fries and hamburger buns. Each food item was also prepared in the laboratory
according to the specified instructions. All acrylamide levels in the food prepared by the participants were
lower compared to the reference preparation in the laboratory. Although more than half of the participants
did not respect the cooking instructions indicated on the packaging (except for the temperature), most of
them declare that they use the criteria ‘golden yellow colour of the food’ to stop the preparation process.
By respecting this colour criteria and a correct cooking temperature, all food prepared by participants had
acrylamide content lower than the benchmark levels specified in the Regulation (EU) 2017/2158. In addition,
this golden yellow colour is also recommended in Regulation (EU) 2017/2158 in order to reach acceptable
acrylamide content and good organoleptic properties [1].

Conclusion
Although some food product such as bread, pastries, dried fruits shown very low levels in acrylamide, other
food groups need particular attention or more investigation. For example, very high acrylamide levels were
detected in vegetable chips. Moreover, 3 out of 8 samples have been notified to the FASFC since their
concentrations were above 1500 µg kg-1. Black olives especially the ones containing the additive E579
should be considered for further investigation as they contained a higher level of acrylamide and even
higher concentration can occur in the case of domestic cooking [5]. As recommended by the regulation (EU)
2017/2158, this study demonstrated that the cooking should be stopped when a ‘golden color’ is obtained
[1]. This easy criteria was followed by most of candidates who participated to the study on Belgian
consumers cooking habits and should be follow by each of us.
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The « Asian hornet » : Vespa velutina
nigrothorax takes hold in Wallonia
2003-2004 : one stowaway, just one !
She must have found this Chinese pottery to her liking, the founder (1) who had settled there for the winter,
in the Shanghai region. When she emerged, after several months of quiescence, she had arrived in New
Aquitaine with the shipment of pottery. It was a delightful spring, and our founder immediately felt at home.
No one had invited her. No one had noticed her. Yet she was about to cause one of the most spectacular
biological invasions of recent years on the west coast of Europe. Was she really alone in this shipment of
pottery? It is likely and fascinating, because the entire European population of V. velutina nigrithorax is
thought to be originated from this single stowaway !

Setting up : primary nest or « foundation nest »
Like all wasp and hornet foundresses, our stowaway woke up in the spring with a specific agenda : to find a
place to build a nest with wood fibres as building material, water, and sugar and protein resources nearby.
This is a delicate time for hornets, as their entire future depends on the foundresses alone. The « primary
» nest begins with a pedicel of a good centimetre, anchored at a low height to various supports: hedges,
brambles, sheds, attics, etc. Very quickly, a first hexagonal cell comes to adorn the end of this pedicel, and
the first egg is laid in it. The nest progresses by one or two cells per day, each immediately lined with an egg.
The construction continues with the addition of a spherical envelope to protect the nest and maintain a
favourable temperature for the brood. The nest then takes on the appearance of a ping-pong ball. Until then,
the foundress takes over all the tasks: building, hunting, laying eggs and caring for the larvae.

Workers to the rescue
The first workers are observed towards the end of May. This workforce, which becomes more and more
abundant as the days go by, accelerates the growth of the colony, with the workers taking over all the
tasks except egg-laying, which is done by the foundress alone. The nests grow to the size of a small melon
containing about 100 workers by the end of June.

Agile sailor, skilful hunter
The Asian hornet’s flight is fast and precise. When it spots an insect, it hovers, swoops down on its prey,
seizes it and lands on the first bush for a thorough butchering : if it is a bee or a wasp, it decapitates it, cuts
off its abdomen, wings and legs, and takes only the thorax, the most protein-rich part since it contains the
large wing muscles, to feed its larvae. Its agility and efficiency as a hunter allow the Asian hornet to raise an
abundant brood: the colony grows exponentially, so that in July it is often cramped in the foundation nest.

(1) Foundress : in Vespa velutina nigrithorax, as in other hornets and wasps, the foundresses are the fertilised females,
who alone survive the winter and are likely to « found » a new colony in spring.
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Summer residence
When the foundation nest does not have enough space to develop, some of the workers start building a
secondary nest, often hanging between 10 and 25 metres from the ground, in trees or on other supports
such as pylons, buildings or scaffolding. The foundress then leaves the primary nest, often in August, to settle
and lay eggs in the secondary nest. At the end of the season, the secondary nest will sometimes resemble a
large pear, sometimes a sphere. It can be more than 80 centimetres high and contain up to 3,000 individuals.

Palace revolution
Until September, all the eggs laid are fertilised and produce workers. The sexual development of the young
females is inhibited by the pheromones of the foundress, and their destiny is set : they will be and remain
workers. However, at the end of the season, the inhibition of the young females by the foundress no longer
operates; the queen has aged, she no longer dominates her offspring, and the young females evolve, no
longer into servile workers, but into « gynes », fully developed females who, once fertilised by one or more
males, will disperse and become, at the end of winter, the foundresses of the new generation.

The ingredients of the nightmare
A single colony can produce several hundred gynes... The gynes can disperse over several dozen kilometres...
A single gyne can found a nest... These 3 elements help us to understand how this insect escaped vigilance,
how in 15 years, it has spread throughout France, reaching all the neighbouring countries including the
United Kingdom, and is now found from the south of Portugal to the Netherlands.

Opportunist and predator of honey bees
The diet of the Asian hornet varies according to the environment. It consumes various insects and even
spiders, with a preference for Hymenoptera and Diptera. They are in fact very opportunistic and will eat
anything meaty, even mammalian or fish corpses. It also consumes sugars, and can be seen foraging
and then suddenly grabbing, for example, a hoverfly that is busy foraging nearby. In cities, where it is as
comfortable if not more so than in rural areas, it takes advantage of food waste. It is common to see it
prowling around rubbish bins, like wasps.
It is when it has spotted an apiary that things turn dramatic : the hornet no longer has to look for its prey : it
only has to go and help itself and shuttle between its nest and the apiary.
The honey bee, Apis mellifera, did not co-evolve with this hornet. Unlike its Asian cousin, Apis cerana, it has
not developed this collective attack behaviour against the hornet that approaches the hive. Instead, it seems
to be tetanised by its presence, and this stress seems to be more damaging to the colony than the removal
of bees. Rather than spending the end of summer preparing for winter, colonies under pressure from the
Asian hornet become exhausted. The Asian hornet should therefore be considered as a factor in the winter
mortality of bee colonies : one more...
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So different from the common hornet Vespa crabro ?
If you look closely, you will see that « our » hornet, Vespa crabro, is no choirboy: it is regularly seen prowling
around hives. It takes too the liberty of catching bees, decapitating them, cutting off their abdomen, wings
and legs before heading off to its nest. However, the common hornet is quite clumsy ; if it does take a bee,
its hunting efficiency is nothing like that of its Asian cousin, and it only constitutes a danger for bee colonies
that are already very weakened.

...And « our » bee ? Really helpless ?
Not all honey bee colonies are equally passive in the presence of Asian hornets. In some, we can see the
beginnings of group defence behaviour reminiscent of that of A. cerana. Perhaps it will be possible, by
selecting colonies with this trait, to have honey bees that are better able to resist the Asian hornet.

Current situation in Wallonia : how far along is the invasion ?
A first Asian hornet nest was discovered in Hainaut in 2016. Then, the nests multiplied : 5 in 2017, 21 in 2018,
48 in 2019, 170 in 2020. Unless the winter was clearly unfavourable to the Asian hornet (which there is no
indication of ), the number of nests detected in 2021 can be expected to exceed 500. In regions of France that
have been colonised for 10 years or more, the density of nests can in some places exceed 15 nests per km².
These are mainly peri-urban areas with a high population density. It is therefore to be expected that pressure
from this species will increase in Wallonia in the coming years.

Control methods : some approaches, no panacea
Apart from neutralising nests, certain devices placed in front of hives have proved to be fairly effective in
reducing the impact of hornets on bee colonies. These devices do not reduce the number of bees catched by
hornets, but they do relieve the colonies of the stress of having hornets right in front of the flight hole. Some
people praise the merits of trapping. It is not difficult, in heavily infested areas, to catch hundreds of hornets
in different types of traps. Models and baits are being perfected, but all too often, traps that are not very
selective are still used and result in the destruction of quantities of non-target or even protected insects.

Detecting, reporting and neutralizing nests
When the leaves fall, the season for detecting large secondary nests begins. It is important to report the
nests so that they can be neutralised before the young foundresses leave. The most common method of
neutralization is to guide a sting into the nest with a telescopic pole and inject a powdered insecticide. This
technique meets the criteria of both effectiveness and operator safety, as operators can work at a distance
from the nest and usually on the ground.
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Destroying a nest yourself ? Beware of danger !
The Asian hornet is only aggressive when defending its nest. In this case, extremely violent attacks can occur.
Given the size of the colonies, the location of the nests in high places, often close to houses, or even in the
middle of the city, it is strongly advised not to attempt to intervene without having specific intervention and
protection equipment, and without strict management of the safety of local residents and onlookers.
Learn more about the Asian hornet :
http://biodiversite.wallonie.be/fr/le-frelon-asiatique.html?IDC=5999
Photos by Gilles San Martin (CRA-W)

Photos by M. De Proft

Secondary nest in an elm tree (Bléharies)

Interesting ?
the geographical distribution map of the
SPW : http://observatoire.biodiversite.
wallonie.be/enquetes/frelon/
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Presence of chlorinated paraffins in
foodstuffs and intake of the belgian
population
Laure Joly(1), Thomas J. McGrath(2), Franck Limonier(3), Giulia Poma(2), Jasper Bombeke(2), Raf Winand(4),
Kevin Vanneste(4), Mirjana Andjelkovic(5), Els Van Hoeck(5), Adrian Covaci(2)
(1)
(2)
(3)
(4)
(5)

Organic contaminants and additives service, Sciensano
Toxicological Centre, University of Antwerp
Mass Spectrometry platform, Sciensano
Transversal activities in applied genomics service, Sciensano
Risk and health impact assessment service, Sciensano

Background
Chlorinated paraffins (CPs) are a complex mixture of thousands of polychlorinated n-alkanes with a
chlorine degree ranging from 30% to 72% by mass. Their general formula is CxH(2x+2−y)Cly. They are divided
into three groups: short-chain CPs - SCCPs (C10-13), medium-chain CPs - MCCPs (C14- 17) and long-chain
CPs - LCCPs (C18-30). The carbon chain length and the chlorine percentage depend on the desired
application1.
CPs have been produced since the 1930s by chlorination of different n-alkane fractions derived from
petroleum distillation. Based on the available data and reported emission factors, Glüge et al.2 estimated that
the global production of total CPs in 2016 exceeded 1 million t/y. According to Zarogiannis and Nwaogu3,
the most consuming applications are sealants and adhesives (45%), rubber (31%), paints (19%) and textiles
(6%).
In 2012, the production, placing on the market and use of SCCPs were banned in the European Union under
the Regulation (EC) 850/20044 and abrogated by the Regulation (EC) 1021/20195. Furthermore, SCCPs are
classified as category 2 (i.e. H351 Suspected of causing cancer) according to Regulation (EU) No. 1272/20086,
meaning that they are dangerous for the environment and health. As a result, SCCPs have been listed in
Annex A of the Stockholm convention in April 20177.
With high production volumes and widespread applications, CPs are inevitably present everywhere.
Although it has been suggested that at least 50% of the human exposure to SCCPs occurs via the diet,
the available concentration data of SCCPs in food is scarce8. This is mainly caused by the unprecedented
analytical challenge. Therefore, the FPS Health, food chain safety and environment – Contractual Research,
financed the project PARCLINTA ‘Presence of chlorinated paraffins in foodstuffs and intake of the Belgian
population’ (RT/2018). The main objective of this project was the evaluation of the presence of CPs in food
purchased on the Belgian market and the subsequent dietary exposure of the Belgian population.

Analytical method
Due to the complexity of the CP mixtures, their analysis is very challenging. In this project, a gas
chromatography-mass spectrometry operated in electron capture negative ionization mode (GC-ECNIMS) analytical method for the quantification of ∑SCCPs and ∑MCCPs in a range of representative food
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matrices has been developed and validated. CP congener groups with carbon-chains ranging from C10 to
C17 and chlorine numbers ranging from Cl5 to Cl10 were monitored for a total of 24 SCCPs and 24 MCCPs.
CP homologues were grouped into four separate injections with acquisitions conducted in 6- or 7-time
segments. Quantification was conducted by chlorine-content calibration using technical mixtures of SCCPs
(51.5, 55.5 and 63% Cl) and MCCPs (42, 52 and 57% Cl) (see Figure 1).

Figure 1. Total ion chromatograms of a mixed standard analysed using the four separate acquisition methods. The
single standard contained 10 µg/mL of each SCCP 55.5%Cl and MCCP 57%Cl technical mixtures and 50 ng/mL of
each internal standard (13C-HCD, ∑-HCH and 6-MeO-BDE-157).
The sensitivity, accuracy and precision of the method met the requirements of the stated objectives, as
demonstrated by repeated analysis of a range of food representative matrices. Moreover, consistent results
were obtained by analyzing a subset of samples with an independent liquid chromatography-mass
spectrometry operated in electrospray ionization mode (LC-ESI-MS) analytical method which also provided
insights on the presence of LCCPs.
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Market survey
To explore the dietary exposure to CPs, 211 representative samples were purchased in Belgian supermarkets.
Food items which were suspected to contain CPs and items that are highly consumed both in quantity and
in frequency were targeted. The overview of the selected food group and samples per each group is given in
Figure 2.

Figure 2. Number of selected food samples per food group.

The results showed that ∑SCCPs were present above the LOQ in 25% of samples, with concentrations up to
58 ng/g wet weight (ww), while ∑MCCPs were identified in 66% of samples ranging from <LOQ to 250 ng/g
ww (Figure 3). These results suggested that recent global restriction of SCCPs has influenced usage towards
longer-chained CPs. In general, the greatest CP concentrations were observed in foods classified as ‘animal
and vegetable fats and oils’ and ‘sugar and confectionary’.

Figure 3. Number of detection of ∑SCCPs (a) and ∑MCCPs (b) in food.

15

Afterwards, a selection of samples (n=20) with some of the highest concentrations of SCCPs and MCCPs
measured by GC-ECNI/MS was further analyzed with the LC-ESI-MS at high resolution method (HRMS) in
order to investigate homologue profiles and the occurrence of LCCPs. LCCPs were detected in 35% of the
subset of samples and the HRMS results for SCCPs and MCCPs matched closely with those obtained by GCMS.

Exposure & risk assessment
Dietary intake of the Belgian population to both SCCPs and MCCPs was estimated. For this, the occurrence
data (i.e. mean and highest concentration from multiple food sub-categories) were used by combining them
with the consumption data from the latest National Food Consumption Survey (FCS 20149) in an upper
bound (UB) and lower bound (LB) scenario. The mean intake of ΣSCCPs varied for the UB approach from 15
ng kg-1 body weight (bw) day-1 to almost 100 ng kg-1 bw day-1 across population groups (children (3-9
years), adolescents (10-17 years) and adults (18-64 years). A higher exposure to both ΣSCCPs and ΣMCCPs
was observed for children compared to older age groups. In general, exposure to ΣMCCPs was about 6 times
higher than the exposure to ΣSCCPs in all population groups.
Subsequently the risk for the Belgian population of neurotoxic and carcinogenic effects of SCCPs and MCCPs
was characterized using the Margin of Exposure (MOE). All calculated MOEs, and based on the available
limited toxicological data were higher than 1000. Therefore, at this moment it can be concluded that there is
no health concern related to dietary exposure to ΣSCCPs and ΣMCCPs. Exposure in infants (< 3 years) was not
part of the study.

Contribution of food contact materials (fcms)
Since the use of FCMs may lead to an additional exposure to CPs, this was investigated by performing
migration experiments for hand blenders and household ovens in accordance with the EURL kitchenware
guidelines. The results obtained for the hand blenders indicated an additional contribution of 11% for ∑SCCPs
and ∑MCCPs (compared to the P50, UB-mean scenario). However, no contribution to the exposure to SCCPs
from baking in a household oven was observed, while the detected MCCPs could not be attributed to the
household oven due to contamination in the food simulant.

Conclusions
In this project, occurrence data on CPs were gathered in a wide range of selected foods available on Belgium
market and demonstrated that CPs are present in food using a validated GC-ECNI-MS method. Furthermore,
the contamination was confirmed by LC-HRMS for a selection of samples. Finally, the risk for human health
was assessed, based on the current, limited toxicological data and through calculated MOE. It was concluded
that the estimated exposure does not trigger a health concern. However, a few food samples containing high
CPs concentrations imply a necessity of a further investigation.
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Chronic consumption of clay based food
supplements can pose a health concern
regarding uptake of arsenic.
Demaegdt, Heidi; Waegeneers, Nadia; Cheyns, Karlien; Ruttens, Ann.

Introduction
Arsenic can be present in biological matrices and in the environment in a number of chemical forms. These
are also known as arsenic species and each one has a different characteristic toxicity. Inorganic arsenic (Asi) is
the most toxic form, while arsenobetaine (AB) is a non-toxic organic arsenic form. Long-term consumption of
Asi may, depending on the dose taken, lead to skin problems, digestive problems, diabetes, renal problems,
cardiovascular diseases and cancer [1,2]. In contrast to living organisms, in which organic As forms are usually
abundantly present, arsenic in the environment (soil, water, etc. ) is mainly present in the inorganic form.
Several studies have reported that some food supplements contain high levels of Asi (up to 4.7 mg/kg), and
that consequently, the use of some food supplements may contribute significantly to the dietary Asi
exposure of their consumers [3,4]. According to EFSA [1] approximately 10% of the Asi exposure is derived
from the group “miscellaneous/food for special dietary uses,” which includes dietary supplements. This total
dietary exposure to Asi was estimated by EFSA in 2009 to be 0.13-0.56 µg/kg bodyweight (bw)/day (d) for the
mean consumer, and 0.37-1.22 µg/kgbw/d for the 95th percentile consumer.
In the Belgian Royal Decree of 14 June 2002 (modified by amendment 2016/155/B), national maximum levels
have been established for metals in some types of food supplements (containing nutrients and/or plants),
including a maximum level of 1 mg of potentially toxic arsenic (= Astot minus AB) per kg of product. At the
European level, As limits in food supplements have not yet been harmonized.
Food supplements containing clay form a particular group of food supplements in relation to potential
arsenic toxicity, because –at least in case of pure clays- all arsenic in these food supplements is supposed to
be present in its most toxic inorganic form. When clay occurs in combination with animal- or plant-based
products, organic As species may be present too. These types of clays for oral use are available on the market
aiming mainly to treat digestion problems (due to the adsorption capacity of clay), but in combination with
other ingredients they might also help to relief stress, pain, etcetera. With regard to the use of these types
of food supplements, no data are available for the Belgian population. Data concerning As in these types of
products are, however, scarce, and to the best of our knowledge no Belgian data have ever been reported. In
a Dutch study, 26 samples of ‘health clays’ (commercial clay products claiming to protect the gastrointestinal
tract and aid detoxification) were analysed for total As and showed levels up to 45 mg/kg [5].
The bioaccessibility of a component relates to the fraction of this component that is soluble in the
gastrointestinal tract. While for the risk assessment of biological matrices it is important to determine the
identification and concentration of As species, because these will largely determine the potential risk, for
mineral matrices (like clay) the main question is not which As species are present, but to what extent the Asi
that is present, is bioaccessible in the gastrointestinal tract. Bioaccessibility is different from bioavailability,
which concerns the fraction of a component that reaches the blood circulation. Bioaccessibility of metals has
been well studied in relation to the risks of metal contaminated soils, and the Unified Barge Method (UBM),
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using digestive enzymes, has been standardized for this purpose. The protocol has been validated using in
vivo studies in juvenile pigs, whose digestive system is similar to the human digestive system [6] and thus the
bioaccessibility determined by the UBM can be seen as a measure for bioavailibility.

Aim
The aim of the present study was to collect information about the Asi concentration and As bioaccessiblity in
clay based food supplements. In addition we aimed to estimate the potential health risks associated to Asi
intake upon consumption of these types of food supplements. For this purpose, 15 samples of clay based
food supplements (or medical aids) were collected on the Belgian market and analysed for respectively total
arsenic, arsenic species (like Asi) and bioaccessible arsenic.

(Analytical) methods
In the Trace Element laboratory of Sciensano, analytical methods for both total As and As species were
developed. These are based on respectively either a complete mineralization (11M HNO3) or a softer
extraction (with 0.1M HNO3) based similar to the CEN method EN161802:2016 followed by a measurement by
(HPLC)ICP-MS. The methods are in house validated for food matrices with a reporting limit of 0.020 mg/kg.
The bioaccessibility of As in the samples was studied using the UBM [6]. This is an in vitro extraction protocol
was developed to simulate the bioaccessibility of metals by using digestive mixtures with enzymes leading to
a gastrointestinal (Ist) extract. The Ist extract mimics bioaccessibility after reaction with saliva, bile, and gastric
and duodenal juices (end pH 6.3).
The differences in approach for biological vs mineral matrices are set out in Table 1.
Table 1: Methodological differences in arsenic determination for biological vs mineral matrices.
Biological matrix

Mineral matrix

Matrix

‘food’ like

‘soil’ like

Samples

Food supplements based on fish,
plants, …

Food supplements based on clay

Extraction

Astot: mineralisation
As species: ‘food’ method (soft
extraction)

Astot: mineralisation
Bioaccessible As: UBM (in vitro
simulation of gastro-intestinal
tract using enzymes...)

Analysis

Astot: ICP-MS
As species: HPLC-ICP-MS

Astot: ICP-MS
As in UBM extracts (=Asi): ICP-MS

The exposure to Asi was calculated by multiplying the measured Astot concentration, assuming that the
total As concentration equals the inorganic As concentration, by the recommended dose for each clay based
food supplement. In addition to this worst-case estimate, the exposure was also estimated based on the
bioaccessible Asi concentration. Hereto, the As concentration following gastrointestinal extraction (Ist; mg/
kg), as determined using the UBM method, was multiplied by the recommended dose.
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Potential health risks related to chronic Asi exposure via clay based food supplements were calculated by
determining the margins of exposure (MOE). The MOE is a ratio of two factors, the dose at which a small
but measurable adverse effect is observed (= bench mark dose level or BMDL) and the level of exposure to
Asi due to the consumption of the clay based food supplement. The BMDL0.5 value of 3 µg/kgbw/d [7] was
selected for the general population, and BMDL0.1 = 0.34 µg/kgbw/d [1] for ‘sensitive’ population groups. The
term ‘sensitive population groups’ refers to people with an increased carcinogenic risk from other sources,
such as smokers, where Asi can act as a co-carcinogen and can reinforce the resulting harmful effects.
The decision to use two different BMDL values for the two population groups was made because smokers
generally show a higher risk of lung cancer after exposure to As than people who have never smoked [7].
There are no clear guidelines, however, on how calculated MOE values should be interpreted for As species in
terms of possible risks. For non-genotoxic substances an MOE of 100 is viewed as indicative of a ‘low health
concern’. Hence, clay based food supplements were considered to be of no health concern if the MOE was
greater than 100.

Results
Total As concentrations in the food supplements ranged from <0.020 to 6.4 mg Astot/kg (see Figure 1). For 11
out of the 15 clay products in the present study, the Belgian Royal Decree was applicable because they
consisted of a mixture of clay and plants/plant extracts. Three of these 11 samples exceeded the former
maximum level of 1 mg Astot/kg (K4, K14, K15). In the 4 samples not covered by the Royal Decree of 2002, the
As concentration was also higher than 1 mg/kg. Our findings are in good agreement with ranges found in
the limited data available in literature. Compared to As concentrations in various types of food samples, Astot
in clay based food supplements are high. Regarding As species, almost exclusively Asi was found in these
samples, organic As species were hardly present, which confirms the mineral nature of these supplements.
Figure 1 also shows the bioaccessibility results of the Unified Barge Method (UBM) [6]. The observed
bioaccessibility of As in the Ist extracts (i.e. after the effects of saliva, the stomach, duodenum and bile)
ranged between 8% and 51%. These results, especially for the food supplements containing only clay, are in
the same order of magnitude as the bioaccessibility of soils of different origins. In foodstuffs on the contrary,
As is more bioaccessible. These observations illustrate that the bioaccessibility in the clay based products is
more similar to soils than to food.

Figure 1: Astot and bioaccessible As in clay based food supplements.
ML= maximum limit from the Belgian Royal Decree, *clay based food supplements for which this Decree is
applicable.
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When the exposure assessment for chronic Asi exposure through the consumption of clay based food
supplements, was carried out based on the total As concentration (all As is considered to be inorganic), the
calculated exposure ranged between 0.0029 and 0.59 µg/kgbw/d (Table 2). Application of an MOE of 100 as a
threshold for health concerns, led to a risk conclusion ‘of concern’ for the general population in 7/12 of the
samples and for sensitive population groups in 11/12 of the samples (only K7 showed no concern). When the
measured bioaccessible fraction (Ist) was taken into account, the calculated exposure was lower and ranged
from 0.0009 to 0.30 µg/kgbw/d. Correspondingly, the number of samples ‘of no concern’ increased (2 more for
the general population and 3 more for the sensitive population groups). The data presented here illustrate
that chronic consumption of some of these clay products will contribute significantly to the dietary Asi
exposure.
Obviously, the risk conclusions in this study depend on the choices and assumptions that were made for the
risk calculations. Nevertheless, other studies using different risk approaches have indicated similar concerns
for clay based food supplements [5,8].

Table 2: Risk evaluation for chronic exposure to As in clay based food supplements. To evaluate chronic exposure
effects a margin of exposure (MOE) was calculated. MOE values that lead to the conclusion ‘of concern’ or ‘of no
concern’ are indicated in red and green respectively.

1 The

*It was assumed here that [Asi] = [Astot]
limited period of use was clearly marked on these products, so chronic exposure is not applicable (NA)
in this case.
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A significant contributing factor to the potential risks of the clay based food supplements, are the
recommended doses, which are often high (1.5 to 19 g/day!). In a number of cases, a reduction in the
recommended dose and thus a reduction in exposure, could change the conclusion from ‘of concern’ to ‘of no
concern’.
Moreover, for most products the intended period of use is lacking on the prescription label. Only for three
clay based food supplements, the label indicated a limited period of use, and therefore no chronic risk
calculation was done for these samples.

Take home message
If consumed chronically, clay based food supplements may contribute significantly to the dietary Asi
exposure. Intake of bioaccessible Asi may be of concern for the general population in case of 42% of the
tested food supplements, while for high risk groups, it is of concern for 67% of the tested food supplements.
It should be recommended that food supplements containing clay are not to be taken chronically. Addition
of such indication on the label could help to avoid increased risks related to chronic Asi exposure.
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“Green” is the new black
Els Van Hoeck1 & Séverine Goscinny1
Sciensano, Organic Contaminants and Additives Service,
14, rue Juliette Wytsman
1050 Brussels

The global anti-plastic movement is a clear demonstration of the public’s increasing awareness to
environmental issues and willingness to change their consumption patterns towards more sustainable
options. This trend is prompting business operators to develop new material compositions that can replace
conventional plastics in order to offer environmentally friendly alternatives by using natural components.
Within this context, bamboo ware became increasingly popular over the last few years, a growing number
of food contact materials and articles (FCM) manufactured from plastic containing bamboo and/or ‘natural’
substances were placed on the market. One common example is kitchenware or tableware, such as reusable
plates, bowls and coffee beakers. These FCM are often similar in appearance and function to melamine
tableware or kitchenware but they also contain ground bamboo or other similar constituents such as corn,
as an additive, often functioning as a filler. As a result, their appearance is less shiny. They are often placed on
the market on the premise of being sustainable, recyclable and natural with labels stating ‘biodegradable’,
‘eco-friendly’, ‘organic’, ‘natural’ or even ‘100 % bamboo’ that does not reflect the true nature of the product.

Migration of melamine and/or formaldehyde from bamboo ware has frequently been found above the
specific migration limit (SML) of 2.5 mg/kg for melamine and 15 mg/kg for formaldehyde as laid down in
Regulation (EU) No 10/2011, leading to the withdrawal of the products from the market. In the period 20182020, approximately 50 % of notifications reported under the Rapid Alert System for Food and Feed (RASFF)
concerning melamine FCM, were related to bamboo ware (see figure 1).
Why are bamboo ware associated with high melamine and/or formaldehyde migration levels?
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Figure 1: RASFF notifications for melamine and formaldehyde from official controls on the EU market.

Melamine, melamine resin and bamboo ware
While melamine is commonly associated with the 2008 milk adulteration scandal, the spectrum of its
intended applications is less known. Melamine is an heterocyclic aromatic compound used as a monomer in
the production of melamine-formaldehyde resins of high molecular weight (polymer). Melamine resins are
mostly used for laminates and adhesive applications. However, after heat treatment, melamine-formaldehyde
resin is fixed into an insoluble, strong mold which can be formulated with fillers, pigments and other
additives, to produce dinnerware, containers, and utensils. The popularity of these items comes from their
affordable prices, unbreakable and light weight properties.
These melamine ware are also known to leak melamine and/or formaldehyde content when the polymer
is not properly processed or certain use conditions are met such as temperatures above 70°C and acidic
conditions (Haghi et al. 2018). Bamboo ware presented as eco-friendly are made by combination of melamine
resins (for the shape and functionality) and bamboo fibers as filler to obtain a “natural” looking surface. This
particular composition weakens the structure of the polymer and with multiple use the item is no longer
chemically stable, hence monomers are released. This phenomenon is clearly shown in the study performed
by the German Federal Institute for Risk Assessment (BfR opinion No 046/2019) where higher quantities of
melamine and formaldehyde were released from bamboo ware than from “conventional melamine resin”
counterparts. On average, the specific migration values were found to be up to 30% higher for formaldehyde
and twice higher for melamine (100%).
These excessive migration values are the most critical concern but other issues are also related to bamboo
ware. All plastic FCM (including bamboo ware) should be in compliance with Regulation (EU) No 10/2011,
meaning that only substances included in Annex I of that Regulation may be used in the manufacture of
plastic FCM. No such authorization was granted for the use of bamboo, but it has been assumed by some
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that bamboo was included in FCM No. 96 ‘wood flour and fibers, untreated’. In order to clarify this issue,
the European Food Safety Authority (EFSA) was asked by the European Commission to review whether the
authorization of this substances is still in accordance with Regulation (EC) No 1935/2004. They concluded that
there is insufficient information to support the current authorization of FCM No. 96 and that when materials
from plant origin are used, further risk assessment considerations are needed (EFSA, 2019). Furthermore,
EFSA noted that when an additive is used at high levels, it may influence the migration properties of the
host plastic. Afterwards, the Expert Working Group on Food Contact Materials of the European Commission
discussed the use and placing on the market of plastic FCM in June 2020. It was concluded that no legal
basis exists for the use of bamboo flour as an additive in plastics. Therefore, plastic FCM containing such
unauthorized additives are not in compliance with the compositional requirements set out in Regulation
(EU) No. 10/2011 (FCM WG, 2020). More recently, the Federal Public Service Health, Food Chain Safety and
Environment has published a note indicating that plastic FCM containing bamboo or similar substances are
not authorized and should not be sold on the European and Belgian market (FPS, 2020).

The invisible enemy
Unlike clothing, when FCMs are not properly cared for, the consequences are usually not visible. For instance,
microwave heating doesn’t change the physical appearance of melamine ware but it’s chemical stability has
been breached. The consumer should carefully follow “care and use instructions” given by the manufacturers
to avoid compound migration from the FCM to food. Additionally, it should be emphasized that the surface
of FCM items should also not be damaged. Therefore, any scratching action such as abrasive washing
conditions or the use of sharp knives must be avoided.
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Unmasking klebsiella pneumoniae in
wastewater
Hanne Debergh1,*, Maria Cristina Garcia Graells1, Bavo Verhaegen1, Koenraad Van Hoorde1
1Sciensano – Scientific service Foodborne Pathogens, Juliette Wytsmanstraat 14, 1050 Brussel, België

The bacterium Klebsiella pneumoniae (Figure 1), belonging to the family Enterobacteriaceae, is a bacterial
pathogen commonly associated with several hospital acquired infections, such as septicemia, pneumonia,
urinary tract infection and soft tissue infection especially among immunocompromised patients. Treatment
of serious infections is becoming increasingly difficult because the organisms can be resistant to multiple
antibiotics, including last-line antibiotics such as carbapenems.
The bacterium can reside in a myriad of environments, both free-living and host-associated. These include
water, soil, plant material, insects, birds, reptiles and mammals such as humans, companion animals and
livestock where it can act as a commensal or become a potential pathogen1–4. They are increasingly
detected in retail meat and vegetables5–9. Moreover, several food products, such as raw meat and
vegetables5–9, have been associated with the transmission of antimicrobial-resistant or multidrug-resistant
(MDR) K. pneumoniae. This highlights the role of bacteria different from the classic Salmonella, E. coli and
Campylobacter in the spread of antimicrobial resistance, potentially using food as vehicle10.
K. pneumoniae is an important cause of mastitis in dairy cattle, leading to big economic losses due to
decreased milk production 11,12. Horizontal gene transfer in animals has been described causing rise in
resistant isolates, as such posing risks for agriculture and domestic animals 13,14. Wastewater, representing
water from domestic environments, hospital environments and agricultural environments, forms a hotspot
for resistance development as both a multitude of different bacteria and antibiotic residues are present, as
such exposing those bacteria for a longer period to antibiotic pressure2,15,16. Wyres et. al referred to K.
pneumoniae as ‘the canary in the coalmine’ as several resistance genes have been detected first in this
species 17.
A validation study on the detection of Klebsiella spp. in wastewater was conducted. The stability of K.
pneumoniae in wastewater, limit of detection and intra-reproducibility were determined.

Figure 1 – (A) Gram staining of the gram negative, non-motile, rod-shaped, facultative anaerobic Klebsiella
pneumoniae bacterium. Picture taken at 100x magnification; (B) Typical pink mucoid Klebsiella pneumoniae
colonies on McConkey agar.
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Validation of the filtration method
Filtered wastewater (0.22µm) was used as matrix for all validation studies. It was hypothesized that this
matrix represents the real situation the best, without interference of present micro-organisms in unfiltered
wastewater. The validation is performed using two culture media: McConkey agar with and without
cefotaxime (3rd generation cephalosporin) to simultaneously detect the presence of ESBL producing
bacteria.
Isolates used:
Name

Source

Resistance phenotype

TIAC 5191

Clinical1

ESBL

TIAC 5193

Clinical1

ESBL, Carbapenem resistance

TIAC 3704

Food2

Sensitive

Clinical isolates obtained by NRC Antibiotic resistant Gram-negatives; 2 Klebsiella pneumoniae isolated in
lab of foodborne pathogens at Sciensano; ESBL = extended-spectrum β-lactamase

1

Materials used:
Filtration manifold (Sartorius, Göttingen, Germany)
Vacuum pump (VWR, Pennsylvania, US)
McConkey agar (ThermoFisher diagnostics, Massachusetts, US)
Cefotaxim (Sigma, Missouri, US)
Nitrocellulose membrane filters (0.45µm) (Sartorius, Göttingen, Germany)
Nutrient agar (ThermoFisher diagnostics, Massachusetts, US)

Figure 2 - setup for the filtration of wastewater in the lab of Foodborne pathogens at Sciensano
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1.1. STABILITY OF KLEBSIELLA PNEUMONIAE IN FILTERED WASTEWATER
The first test comprised of comparing the stability of two K. pneumoniae isolates in brain-heart infusion and
filtered wastewater. The theoretical concentration was 5x102 for dilution -6 and 5x101 for dilution -7. The
two dilutions have been tested over the course of 72 hours with an interval of 24h with a maximum
decrease in log value of 0.26. All data points in Chart 1 represent the average of three replications. The
samples have been stored at all times at 4 ± 1°C.

Chart 1 - Stability of K. pneumoniae in buffered peptone water (BPW)
and filtered wastewater for two dilutions.

1.2. LIMIT OF DETECTION
The limit of detection was determined to see how sensitive the detection method is.
On the first day the inoculum was prepared using an ESBL K. pneumoniae isolate (TIAC 5191) in brain-heart
infusion (BHI) and the theoretical work concentration was determined at 5x108 CFU/ml. A 10-fold dilution
series was prepared in filtered wastewater until 5x100 CFU/ml. To evaluate the practical concentration,
100µl of the last 4 dilutions were plated out on nutrient agar (NA) and colonies were counted (Table 1) after
incubation at 37 ± 1 °C for 24 ± 2h. A blank sample (filtered wastewater without spiking) was also plated out
on NA. Results are shown in Table 1.
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Table 1 – Average concentration of the inoculum per dilution in 100µl filtered wastewater and frequency of
detection after filtration
TIAC 5191

Average
concentration

SD

Detected on
McConkey

Detected on
McConkey+CTX

10-8

1.0

0.82

2/4

2/4

10-7

5.7

1.70

4/4

4/4

10-6

61.3

2.05

4/4

4/4

10-5

NC

NC

NA

NA

0

0

0/4

0/4

Blanco

NC= not countable; NA= not applicable

The practical inoculum size was determined at 6.09x108.
On the second day, 100ml filtered wastewater was spiked using the following dilutions: 10-8, 10-7, 10-6. The
dilution 10-5 was not filtered as it was too concentrated. The sample was divided in two and 50ml was filtered
where after the filter was placed on McConkey. The second filter, used for the filtration of the other 50ml,
was placed on McConkey + CTX (1mg/ml). Identification of the detected colonies was performed using the
MALDI-TOF MS. The results were as following:
In the 10-8 dilution, detection was irregular, and thus this dilution was not taken into account for
determination of the LOD. The LOD was determined at 5.7 CFU/100µl, corresponding to 57 CFU/ml.

1.3. INTRA-REPRODUCIBILITY
Two clinical ESBL Klebsiella pneumoniae isolates have been used for spiking of filtered wastewater. Six
technicians performed the analysis on both samples. Following parameters were used:
Set 1

Set 2

Set 3

Technician 1 & 2

Technician 3 & 4

Technician 5 & 6

TIAC 5191 + TIAC 5193

TIAC 5191 + TIAC 5193

TIAC 5191 + TIAC 5193

Dilution prepared by

Technician 1 30/03/2021 (AM)

Technician 1 30/03/2021 (PM)

Technician 1 31/03/2021 (AM)

Start date filtration

30/03/2021 (AM)

30/03/2021 (PM)

31/03/2021 (AM)

Incubator 1

Technician 1

Technician 3

Technician 5

Incubator 2

Technician 2

Technician 4

Technician 6

Technicians
Isolates

All six technicians detected typical Klebsiella pneumoniae colonies in both samples, on both culture media.
Three colonies per plate were confirmed using MALDI TOF MS.
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1.4. ISOLATING K. PNEUMONIAE COLONIES
Filtration of a dilution series of real wastewater samples has been performed to see which dilution is best for
isolating single colonies. In the figure below

Figure 3 - filtration of dilution series of a wastewater sample (A) 1/10 dilution;
(B) 1/100 dilution; (C) 1/1000 dilution

Wastewater samples seemed to be heavy contaminated with enterobacteriaceae and it was concluded that
the 1/1000 dilution will be used for all further analyses.
Figure 4 demonstrates the difference in detected colonies from the same wastewater sample on
McConkey medium with (B) and without (A) antibiotic. Recognition of typical K. pneumoniae colonies is
easier on McConkey+CTX due to lower number of colonies on the filter.

Figure 4 - Comparison of culture media (A) McConkey agar; (B) McConkey + CTX (1mg/ml)
1.5. CONCLUSION
Klebsiella pneumoniae proved to be stable over time in this matrix and the detection method showed intrareproducibility with an LOD of 57 CFU/ml. The method can now be reliably used for analysis of wastewater
samples in the lab of foodborne pathogens, Sciensano.

*Corresponding author: Hanne.debergh@sciensano.be
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Strategy to target unauthorized
genetically modified microorganisms
in food enzyme products
Marie-Alice Fraiture (Marie-Alice.Fraiture@sciensano.be)
Nina Papazova (Nina.Papazova@sciensano.be)
Nancy H.C. Roosens (Nancy.Roosens@sciensano.be)
Sciensano, Transversal activities in Applied Genomics (TAG), rue Juliette Wytsman 14, 1050 Brussels, Belgium
In the food and feed industry, microbial fermentation products, including enzymes, additives and flavourings,
are usually produced using genetically modified microorganisms (GMM) (Fraiture et al., 2020a,b). On the
European (EU) food and feed market, the presence of GMM, including viable strains as well as associated
recombinant DNA, is currently unauthorized (EC/1831/2003). In addition to the rigorous respect of the EU
legislation, public health and environmental concerns were raised by such GMM contaminations. More
precisely, these GMM are usually carrying antimicrobial resistance (AMR) genes as selection markers.
Consequently, such GMM contaminations in food and feed can potentially lead to the horizontal transfer of
AMR genes to pathogens and gut microbiota (Fraiture et al., 2020a,b).
With the aim to guarantee the traceability and safety of the food and feed chain as well as the freedom
of choice for consumers, we have recently developed a first-line screening strategy allowing to cover a
large spectrum of unauthorized genetically modified (GM) bacteria used by the food and feed industry to
produce microbial fermentation products (Figure 1) (Fraiture et al., 2020a,b,c). First, the potential presence
of three key AMR genes, frequently harboured by GM bacteria, is investigated by real-time PCR, allowing to
detect GMM contaminations. The simultaneous targeting of these AMR genes, being the chloramphenicol
acetyl-transferase (cat) gene (GenBank: NC_002013.1) conferring a resistance to chloramphenicol (CmR),
the aminoglycoside adenyltransferase (aadD) gene (GenBank: M19465.1) conferring a resistance to both
kanamycin and neomycin (KanR) and the tet-L gene (GenBank: D00946.1) conferring a resistance to
tetracycline (TetR), was estimated to cover around 90% of GM bacteria. These real-time PCR methods will be
implemented under ISO17025 accreditation in our enforcement laboratory. Next, the full-length of detected
AMR genes is then assessed by means of conventional PCR followed by sequencing, allowing to support
the Competent Authorities in their health risk evaluation related to the likelihood of AMR gene acquisition
(Fraiture et al., 2020a,b,c,d; EFSA, 2011). In addition to these key AMR genes, the potential presence of the
pUB110 shuttle vector is also investigated by real-time PCR as it is a strong indicator for GMM contaminations.
Indeed, this vector, harbouring the aadD gene, was estimated to be frequently found in GM bacteria used by
the food and feed industry for the production of microbial fermentation products (Fraiture et al., submitted).
Using the proposed first-line screening strategy, GMM contaminations were therefore recently suspected in
several commercialized microbial fermentation products intended to the distillery, brewing, fruit processing
and baking sectors. Following further analysis (i.e., whole-genome sequencing and DNA walking followed
by sequencing), the presence of unauthorized GM bacterial strains was demonstrated. Among these
unexpected findings, a viable GM Bacillus velezensis producing protease strain (RASFF2019.3332) was
isolated in a protease product containing protease (Fraiture et al., 2020d). Moreover, a contamination with
a GMM producing alpha-amylase strain was reported in several alpha-amylase products (RASFF2020.2870,
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RASFF2020.2846, RASFF2020.2576, RASFF2020.2577, RASFF2020.2582, RASFF2020.2579, RASFF2020.2572,
RASFF2020.2570) (Fraiture et al., submitted; Fraiture et al., in preparation). Based on these results, the
importance to control food and feed microbial fermentation products commercialized on the EU market
have therefore been clearly emphasized, especially to the Competent Authorities. In addition, real-time PCR
methods specific to the identified unauthorized GMM were developed to support enforcement laboratories
(Figure 1) (Fraiture et al., 2020d; Fraiture et al., in preparation).

Figure 1: Workflow of the developed first-line screening strategy targeting GMM.
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Cardiac glycosides in plant-based
products: toxicity and detection
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Juliette Wytsmanstraat 14, 1050 Brussels
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Background
Phytotherapeutic and nutritional use of plants and herbal-based products has gained its popularity in the
last years. However, due to improper usage of plants or unawareness of plant toxicity, several intoxication
cases with toxin-containing plants have been recently reported. Ingestion of toxic plants or plant parts is also
possible through the food chain. Plant misidentification and inadequate control of harvesting or processing
may lead to a blend of toxic plant material with the raw plant material used for production.
It might not be apparent to everyone, but there are actually many commonly grown plants that are
poisonous to a different degree. In order to protect themselves, these plants produce toxic compounds,
which deter herbivores from consuming them. The evergreen shrub oleander or Nerium oleander (Figure 1) is
an example of such a plant. Though this blossoming bush is really appreciated in home landscapes, it, in fact
all its parts, is poisonous. Ingestion of one leaf of oleander by a child may lead to serious intoxication.
Moreover, superficial resemblance of the leaves of Nerium oleander, to the leaves of olive and bay trees
(Laurus nobilis) (Figure 2) might contribute to misidentification of the plant material and to accidental
poisoning.

Figure 1. Oleander plant (Nerium oleander) and chemical structure of its toxic cardiac glycoside oleandrin.
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The toxicity of oleander is attributed to the presence of cardiac glycosides. Cardiac glycosides are secondary
metabolites found in a number of plants and also in amphibians. This very diverse class of organic
compounds is widely distributed in nature. The general structure of a cardiac glycoside consists of a steroid
molecule attached to a sugar (glycoside) and different functional groups (e.g., methyl, hydroxyl). The
molecule can be made of several sugars and this will affect its solubility and kinetics, while the nature of the
functional group will influence the biological activity of the molecule.
A great number of cardiac glycosides has been discovered by now and, among others, includes the following
compounds:
• oleandrin (Figure 1): produced by Nerium oleander
• digoxin: produced by woolly foxglove plant (Digitalis lanata)
• digitoxin: produced by common foxglove (Digitalis purpurea), the plant native to and widespread
throughout Europe, and like oleander, also very popular in home gardens;
• ouabain: produced by Acokanthera schimperi and Strophanthus gratus plants, both native to eastern
Africa
• convallatoxin: produced by lily of the valley (Convallaria majalis), which is native to Europe and Asia

Figure 2. Resemblance between oleander leaves and bay leaves.
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The name of cardiac glycosides speaks for itself; these compounds have effect on the heart function
by binding to and inhibiting the sodium-potassium adenosine triphosphatase exchanger in cardiac
myocytes. This leads to changes in heart rate. Death from cardiac glycoside poisoning is usually a result of
cardiovascular collapse. Besides this main life-threatening manifestation, other symptoms of toxicity may also
be observed, for example, a wide range of gastrointestinal, ocular and neurologic symptoms.
Human exposure to the plants producing cardiac glycosides may result from accidental ingestion, intentional
ingestion (deliberate self-harm), ingestion of medicinal preparations, and criminal poisoning. Oleander
poisonings have been widely reported from locations such as Europe, United States, Australia, Southern
Africa, India, Sri Lanka and East Asia.
Lately two striking cases involving cardiac glycosides popped up in the world. In 2019 several European food
companies were blackmailed into paying money in order to prevent poisoning of their products with the
deadly oleander plant1. The federal services started necessary investigations and took appropriate actions. If
the poison really had ended up in the food products, the impact on the safety of consumers would have been
huge. Another case was related to the troublesome situation with the COVID-19 pandemic. The toxic cardiac
glycoside oleandrin served as an inspiration for scientists to develop a cure for the disease or at least to
relieve its symptoms. Eventually, the United States Food and Drug Administration disapproved marketing of
oleandrin and promoting it as a dietary supplement2. However, considering the easy access to the oleandrinproducing plant, this news could be a trigger for regular individuals, being worried about the virus, to use
this poisonous plant against the COVID-19. Being unaware or negligent of the toxic effects of oleandrin, these
people might suffer severe poisonings, which can be fatal.
As one of the control tools in case of accidental or deliberate poisoning with cardiac glycosides through
ingestion, a reliable analytical method for quantification of these toxins is essential. The development of
such a method in plant-based products and its application for the analysis of commercial samples of culinary
herbs is described underneath.

Analytical method available at Sciensano
A schematic workflow of the analytical method is shown in Figure 3. The protocol consisted of four main
steps: 1 - grinding, homogenization and weighting of the sample, 2 - extraction of the target compounds
from the sample and clean-up of the extract, 3 - injection of the extract into the instrument and detection of
the compounds and 4 - quantification.
As a detection technique, ultra-high performance liquid chromatography - tandem mass spectrometry
technique has been chosen, as it allows a high-throughput simultaneous detection of structurally diverse
molecules at trace levels, with high selectivity and specificity. Owing to the frequent use of herbal products
as composite blends and the complexity of the cardiac glycoside group, several relevant compounds, namely
oleandrin, digoxin, digitoxin and convallatoxin, were included in the method3. After optimization, the sample
preparation procedure was established and involved extraction of plant-based products with acetonitrile
followed by a clean-up of the extract using Oasis® MAX solid-phase extraction cartridges. The latter step
helped to reduce complexity of the matrix and allowed enrichment of the target compounds.
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Figure 3. Workflow for the analysis of cardiac glycosides in plant-based products.

The optimized method was validated to evaluate its performance. Limits of quantification were in the range
of 1.5-15 µg/kg, demonstrating good sensitivity of the method. The mean recovery of the developed method
was in agreement with the acceptable limit of 70-120%, except for convallatoxin, for which a recovery
correction was advised. A good precision of the method was demonstrated with repeatability and withinlaboratory reproducibility below 20%. The obtained measurement uncertainty was below 50%, complying
with the SANTE guidance document4.
The validated method was subsequently used to investigate contamination of culinary herbs and spices
that are available on the Belgian food market. In total, 65 samples were acquired in supermarkets and
organic food shops and comprised the culinary herbs and herb/spice mixtures containing bay leaves. For
the majority of samples, the country of production was not specified. About 20% of samples originated from
organic farming. None of the target cardiac glycosides were detected in these samples indicating that there
is currently no safety risk for the population with regards to contamination of culinary herbs and blends with
cardiac glycosides.

Conclusion
Cardiac glycosides are secondary plant metabolites, which have an effect on the heart function. Through
different ways these toxic substances can end up in the alimentary chain, potentially causing severe
intoxications. A reliable and sensitive analytical method for the detection of cardiac glycosides in plant-based
food products has been set-up and can be used for control of poisoning incidents. Moreover, it has been
demonstrated that there is no risk for the Belgian population with regards to contamination of culinary herbs
and blends with cardiac glycosides.
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Workshops & Symposia

The trainings for the approved laboratories organized by the FASFC in co-operation
with the National Reference Laboratories are available on the website of the FASFC
(www.favv.be > Home > Business Sectors > Laboratories > Seminars & workshops).
The schedule is updated regularly, it is therefore recommended to check the website
from time to time.
Other interesting workshops and symposia are mentioned below.
Date

Subject

Place

26-28 January 2022

17th International Symposium on Hyphenated Techniques in Chromatogra- Ghent
phy and Separation Technology

April 2022

Symposium of Animal Heath

DGZ Torhout

3-6 April 2022

10th International Symposium on
Flame Retardants

Athens

4-6 April 2022

FOOD ALLERGY FORUM 3RD INTERNAAmsterdam
TIONAL CONFERENCE

25 - 28 April

IDF analytical week

More information (website)
https://htc-17.com/

https://bfr2022.org/
https://foodallergyforum.org/

Constance,
Germany

https://www.idfisoanalyticalweek.com/

3-6 May 2022

7th International Symposium on Food
Packaging

Barcelona

https://ilsi.eu/event/7th-international-symposium-on-food-packaging-scientific-developments-supporting-safety-and-innovation/

23-25 May 2022

Euroresidue IX

Eindhoven

https://www.euroresidue.nl/

30 May - 1 June

43rd mycotoxin workshop

Toulouse

https://www.mycotoxin-workshop.de/index.
php

20- 22 June 2022

International Symposium Salmonella
and Salmonellosis

Saint Malo

https://www.i3s2022.com/content.
php?PAGE=11

24 June 2022

EFSA ONE – Health, Environment, SociBrussels
ety – Conference 2022

https://www.one2022.eu/

30-31 August 2022

ICFC 2022: 16. International Conference on Food Contaminants

Budapest

https://waset.org/food-contaminants-conference-in-august-2022-in-budapest

19-23 September 2022

14th European pesticide residue
workshop

Bologna

9-13 October 2022

42nd International Symposium on
Halogenated Persistent Organic
Pollutants

New Orleans

13-14 October 2022

26th conference on Food Microbiology Brussels
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