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Dear reader,

National reference laboratories (NRLs) are one of the pillars for a well-functioning laboratory 
network, to which the FASFC appeals. To optimize the services of the NRLs to the needs of the 
different stakeholders, the Laboratories Administration has questioned these stakeholders 
concerning a possible redefinition of the assignments of the NRLs. 
In the framework of this survey, several collaborators of the directions of the FAFSC admin-
istration (DG Control Policy, DG Control and the staff services of the CEO) have been inter-
viewed, as well as several laboratories (5 FAFSC laboratories, and a sample survey of some of 
the approved laboratories, the NRLs and the reference laboratories of the EU).
 
Not only has this survey been very informative, it was an excellent opportunity to communi-
cate with all stakeholders. We observed that the different stakeholders often have insufficient 
knowledge regarding the current activities of the NRLs and the Laboratories Administration. 
We shall provide a better communication in the steering and communication group meetings.

The different stakeholders appeared to have different expectations - DG Control Policy for 
instance is mainly interested in rapid information on the progress of analytical possibilities 
and on the first detection of dangers in the food chain. DG Control especially needs rapid and 
reliable analyses, and practical courses concerning sampling and the interpretation of results. 
The laboratories on the other hand, mainly expect information and technical support while 
implementing analytical methods. 

Generally, everyone is very satisfied with the NRLs’ activities. The survey resulted in quite 
some useful ideas, in addition to what already is provided and realized within the agreements 
concluded between the FASFC and the NRLs. There is still a lot to be done, but we are already 
trying to accomplish many of the requests within the new conventions, and they will also be 
discussed in the steering and communication group meetings to follow. The results of the sur-
vey will serve as a long term guideline for the Laboratories Administration regarding function-
ing of the NRLs and laboratories in general. 

The new NRLs Chemistry are to be published more or less simultaneously with the publication 
of this edition of Labinfo. I am certain one of the novelties focused on nanotechnology will 
not go unnoticed.

I hope you will enjoy reading this sixteenth edition of Labinfo.

Bert Matthijs
Director-general Laboratories

Editorial
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Trace element analysis, where is the limit?
Karlien Cheyns, Nadia Waegeneers, Heidi Demaegdt and Ann Ruttens

Operational Direction Chemical Safety of the Food Chain
Veterinary and Agrochemical Research Centre (CODA-CERVA)
Leuvensesteenweg 17, 3080 Tervuren, Belgium

Essentiality and toxicity of trace elements

Several definitions can be found for ‘trace elements’. In this article trace elements are considered mineral 
elements which occur in living tissues, food and diets in relatively low concentrations or as ‘traces’. They are 
known as the 78 elements (Figure 1) of the periodic system which remain after excluding the six major (C, Ca 
H, N, O and P) and six minor (Cl, K, Mg, Na, S and Si) elements of the human body, and the six noble gases (Ar, 
He, Kr, Ne, Rn and Xe). The concentration of trace elements in living tissues varies between 0.01 and 100 mg 
kg-1.

Figure 1 : Periodic system of elements categorized as 6 major elements (red), 6 minor elements (orange), 6 noble 
gases (green) and 78 trace elements
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For several of these trace elements essentiality for humans is proven (e.g. Co, Cr, Cu, Zn, Fe, I, Mo, and Se), 
while for others essentiality is presently not known. Some of these elements may also be essential (e.g. B, 
Mn, Ni, Sn and V), but others are considered potentially toxic (e.g. As, Al, Cd, F, Hg and Pb). Labeling elements 
as ‘toxic’ is difficult as the dose makes the poison, i.e. a substance can produce the harmful effect associated 
with its toxic properties only if it reaches a susceptible biological system within the body in a sufficient con-
centration (a high enough dose) [1]. Correspondingly, essential elements also become toxic at high concen-
trations.

The knowledge about the toxicity of several trace elements started already in ancient times [2]. Although the 
Romans were aware of the toxicity of lead (Pb) they were so fond of its diverse uses that they minimized the 
hazards it posed. Rumors say Pb poisoning contributed to the decline of the Roman Empire. The acute tox-
icity of arsenic was well known in the Middle Ages as it was used often as a murder technique. Because the 
symptoms are similar to those of cholera, which was common at the time, arsenic poisoning often remained 
undetected.

The last decennia, after World War II, the environment and associated public health became a matter of pub-
lic concern. Several incidents have put a lot of attention on the toxicity of specific trace elements.
• In 1947 an unusual and painful disease of rheumatic nature was recorded in 44 patients from a village on 

the banks of Jintsu River, Japan. During subsequent years it became known as ‘itai-itai’ disease (meaning 
‘ouch-ouch’) in accordance with the patients shrieks resulting from painful skeletal deformities. The dis-
ease was caused by the elevated Cd concentration in the region, which resulted from intensive mining in 
the nearby mountains.

• From 1932 to 1968 methylmercury in the industrial wastewater from a chemical factory was released in 
Minamata Bay, Japan. Patients from that region progressively suffered from a weakening of muscles, loss 
of vision, impairment of cerebral functions and eventual paralysis, which in numerous cases resulted in 
coma and death. This disease was known as Minamata disease and after extensive investigations it was 
revealed in 1959 that the symptoms were caused by the consumption of fish and other foodstuffs con-
taminated with methylmercury.

Science followed public concern and the essentiality and toxicity of trace elements became popular research 
topics. At the same time, the need raised for analytic tools for analysis of these elements. Nowadays, in the 
WHO compiled list of 10 major chemicals of health concern, four are trace elements (As, Cd, Pb, Hg). As food 
and beverages are a proficient pathway of human exposure to toxic and essential trace elements, the analysis 
of these matrices became indispensable.
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Analysis of trace elements in food and feed

Early analytical methods

The first notes of analytical chemistry of trace elements are found in 1820 with gravimetrically methods 
using PbS for lead analysis. A century later, in 1925, Helmut Fischer succeeded in detecting trace elements 
by means of a dithizone process [3]. As a reagent, dithizone is able to indicate the presence of trace elements 
in qualitative and in quantitative terms. Upon binding with some element ions, colored complexes, which 
are soluble in non-polar organic solvents, are formed in the interior of the molecule. The coloration of these 
solutions is very intensive, its particular coloration determined by the atomic radius of the respective metal 
present in the complex. The reaction times of the trace elements vary. Therefore, different colorations may oc-
cur depending on the element concentrations. Hence, in addition to the qualitative conclusions (the dithizon 
reagent binds to Cu, Zn, Cd, Hg, Pb, Mn, Co, Ni,) also semi-quantitative indications regarding the contaminant 
were possible at the lower parts-per-million (ppm) level or even at the parts-per-billion (ppb) level (Figure 4). 
Improved variants of this method have been used for metal quantification until the 1960s [4,5].

Atomic Absorption Spectroscopy (AAS)

During the 1960’s the existing knowledge about spectroscopy (starting with Newton’s findings in 1672 that 
sunlight could be separated in colors by passing through a prism) was used to develop methods for the 
analysis of trace elements in biological matrices. Atomic absorption Spectroscopy was born, based on the 
principle that electrons of free atoms in the gaseous state can be promoted to higher orbitals by absorbing a 
defined quantity of energy (radiation of a given wavelength). This energy (wavelength) is specific for a given 
element, which gives opportunities for identification of elements next to quantification [6].

A typical atomic absorption spectrometer consists of a light source to supply photons (energy source), an 
atom cell to create free analyte atoms, a monochromator to isolate the wavelength of interest, and a pho-
to-multiplier tube detector. The role of the detector is to convert a light signal into an electrical signal. The 
first AAS models used flame atomizers (F-AAS). The elements are brought into the flame as an aerosol from 
a nebulizer. In the flame the sample is dried, vaporized, atomized, and ionized. F-AAS is subject to spectral, 
physical and chemical interference effects that can lead to inaccurate results. Limits of detection (LOD) in 
F-AAS are limited to the ppm level because of the relative inefficiency of sample introduction by pneumatic 
nebulisation, combined with the short residence time of analyte atoms in the beam and their dilution by the 
large excess of flame gases present (Figure 4) [7,8].

Although electrothermal atomizers (ET-AAS) were developed before flame atomizers, they did not become 
popular until more recently due to improvements made to the detection level. They employ graphite tubes 
that increase temperature in a stepwise manner. Electrothermal atomization first dries the sample and evapo-
rates much of the solvent and impurities, then atomizes the sample, and subsequently raises it to an extreme-
ly high temperature to clean the graphite tube. Limits of detection are improved greatly relative to F-AAS to 
around ppb levels because the atoms are confined (Figure 4), but chemical interferences are severe, as are 
memory effects. ET-AAS is particularly prone to chloride interferences. Nonetheless, optimization of ET-AAS 
apparatus has made it a reliable and widespread tool to analyse trace elements in food, and it is still a budget 
friendly and reliable alternative for ICP-MS.
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ICP-OES – Inductively Coupled Plasma-Optical Emission Spectroscopy

Knowledge about optical emission spectroscopy (OES) (1)  originated in the 18th century when a young scien-
tist wrote down his observations of a bright yellow light emitted from a flame produced by burning a mixture 
of alcohol and sea salt [9]. When the alcohol contained no salt, the yellow color disappeared. The technique 
is based on the fact that atoms that are converted in an excitation state emit photons with a specific spec-
trum when they return to their ground state. One of the first uses of the technique was for verification of 
the discovery of new atoms in the beginning of the 20th century. During the middle of the 20th century the 
technique was optimized and facilitated quantification of trace elements. The determination of metals was 
mostly done using arcs/sparks (electrical discharges) to excite the atoms, while flames seemed to be more 
convenient for alkalis and other easily excited elements.

In the 1960’s and 1970’s both flame and arc/spark optical emission spectrometry declined in popularity due 
to the successful results booked with AAS technologies. However, AAS techniques have the main disad-
vantage that they typically measure only one element at a time and that the calibration ranges are limited. 
Hence, when the use of an atmospheric pressure inductively coupled plasma (ICP) was proven to be useful 
for elemental analysis via OES in 1964 [10], the technique gained again interest. The plasma provided a high 
degree of stability, was capable of exciting several elements and gave an increased sensitivity of detection 
over flame OES. From 1973 onwards, the technique was widely used. Moreover, an increasing number of aca-
demic, governmental and industrial researchers joined in the development and optimization of the ICP.

(1) Also known as atomic emmision spectroscopy (AES)
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Figure 2 : (a) Schematic overview of a torch, made of three concentric quartz tubes surrounded by a water-cooled, 
copper, radio frequency coil; (b) inductively coupled plasma.

The argon ICP is formed in a specially designed torch, made of three concentric quartz tubes surrounded by 
a water-cooled, copper, radio frequency coil (Figure 2a). Three streams of argon are supplied. The inner or 
carrier gas transports the sample aerosol to the ICP, whilst the outer gas helps shape the plasma and prevents 
it from melting the torch. When radiofrequency energy is supplied to the coil an intense magnetic field is 
created. Seed electrons generated by a spark from a Tesla coil are accelerated by the field and collide with ar-
gon atoms, producing a self-sustaining plasma (Figure 2b). Chemical interferences are effectively eliminated 
because the energy of the plasma is much greater than that of a flame that even elements forming refractory 
oxides are atomised efficiently. In contrast, spectral line overlap is a considerably bigger problem in ICP-OES 
than in F-AAS because the higher temperature environment means that virtually all the elements present in 
the plasma will have atoms (and ions) in several excitation states. The main limitation of ICP-OES is that the 
LOD achievable, typically ppm levels or a little lower, are insufficient for some applications (Figure 4). This 
problem was solved about 25 years ago by coupling the ICP to a mass spectrometer [11].

ICP-MS – Inductively Coupled Plasma-Mass Spectroscopy

Quadrupole mass spectrometers (MS) were already used in the field of gas chromatography and the ma-
jor challenge in developing ICP-MS was extracting ions from the hot, dense plasma into the high vacuum 
environment of the mass analyser. Modern instrument interfaces use two, water-cooled nickel or platinum 
cones for this purpose (Figure 3). ICP-MS has LOD similar to those of ET-AAS (ppb or lower, Figure 4) but holds 
in addition the capability to perform multi-element and isotopic analysis. Common inconveniences include 
deposition of solid material at the tip of the cones, especially when analysing sample solutions containing 
high concentrations of dissolved solids. This can be overcome by sample dilution, but with a concomitant 
increase in LOD. More important are the occurrence of isobaric interferences (e.g. that of 40Ar on the measure-
ment of 40Ca) and of polyatomic ions from the plasma or sample matrix at the same mass to charge ratio as 
the analyte ion.

(a) (b)
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Figure 3 : Typical cones (sampler and skimmer) used in ICP-MS instruments as interface between atmospheric pres-
sure and the high vacuum of the quadrupole.

The newest generation of commercial ICP-MS instruments incorporate devices to overcome polyatomic ion 
interference. Modern instruments make use of collision of reaction cells where an inert (He) or reagent (H2, 
NH3, O2) gas breaks up the ions in their component atoms or alters the mass of the atoms by reaction. 
Alternative ICP-MS systems with a magnetic sensor (sector-field or high resolution ICP-MS), time-of –flight 
mass spectrometers (TOF-ICP-MS) or a second quadrupole (ICP-MS-MS) are introduced to overcome 
quantification problems related to interferences. However, the single quadrupole-based system remains 
the most commercially available system and offers a solution for most consumers nowadays.

Neutron activation analysis

Next to spectroscopic analytical techniques, another technique for elemental analysis was discovered in 1936 
[12]: Neutron activation analysis (NAA) based on nuclear transitions. They discovered that samples containing 
certain rare earth elements became highly radioactive after exposure to a source of neutrons. To carry out 
an NAA analysis, the sample is placed in a nuclear reactor by a remote-handling system and irradiated with a 
known flux of thermal neutrons. Stable isotopes can capture these neutrons and be transformed into radio-
nuclides. The sample is then removed from the reactor and the activation products are quantified, usually by 
gamma spectrometry. Instrumental neutron activation analysis INAA was the first technique able to perform 
non-destructive, multi-element analysis on small solid samples with LOD in parts-per-million level. Disadvan-
tages are the requirements for specialist irradiation facilities and highly-trained personnel, which limit the 
availability of the technique to national facilities or workers with access to a local research reactor.

The above mentioned techniques are commonly used for trace element analysis in food and feed. For 
geological or archeological purposes more techniques are available (e.g. Laser-excited atomic fluorescence 
spectrometry, X-ray fluorescence (XRF) and Laser-Induced Breakdown Spectroscopy).
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Today…

The trend towards modern ICP-MS instruments (with collision/reaction cells) in control laboratories is grow-
ing. For example, in the latest Proficiency Test (2016) of the Belgian National Reference Lab of trace elements 
in food and feed 9 out of 10 participants used ICP-MS for As, Cd and Pb analysis while this was only 3 out of 
8 laboratories in 2010. To protect European civilians, the European Commission set limits for trace elements 
in food and feed which are as low as reasonably achievable. Recent updates of the European regulation of 
certain contaminants in foodstuff (EC 1881/2006) [13,14,15] set maximum levels (ML) for Cd and Pb as low as 
5 µg/kg and 10 µg/kg respectively, in liquid infant formulae. Given the former rule (according to EC 2007/333) 
[16] that quantification limits (LOQ=3.3*LOD) in food should maximally be one or two fifths of the ML, official 
control laboratories should be able to quantify Cd and Pb from 1 µg/kg and 4 µg/kg onwards. Even with mod-
ern ICP-MS instruments, it is hardly achievable to reach these performance criteria. This has led to a revision 
of the performance criteria and for low MLs (≤10 µg/kg), the quantification limit can now (from April 2016) be 
two fifths of or equal to the ML [17].
Although modern analytical instruments made it possible to detect trace elements at very low concentration, 
regulation is still facing the limits of today’s analytical possibilities.

Figure 4 : Historical overview of popular analytical methods for trace elements quantification with instrumental 
limits of detection (µg/L). Dilution factors, needed for sample preparation translate these LOD values to LOD values 
in matrices.
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Impact of climate change on marine toxins
Nathalie Gillard and Anne-Catherine Huet

CER Group – Health Department, Rue du Point du Jour 8, 6900 Marloie, Belgium

Emerging marine toxins

Marine toxins represent a very large group of toxins produced by dinoflagellates, red algae, diatoms and also 
bacteria. Besides the well-known toxins (amnesic shellfish poisons or ASPs for Amnesic Shellfish Poisoning, 
diarrhetic toxins or DSPs for Diarrheic Shellfish Poisoning toxins and paralytic toxins or PSPs for Paralytic 
Shellfish Poisoning toxins), new toxins have been discovered in recent years, such as azaspiracids (AZs), yesso-
toxins  (YTXs), pectenotoxins (PTXs) and more recently pinnatoxins, palytoxins, ciguatoxins, tetrodotoxins, 
brevetoxins and spirolides.

This emergence of marine toxins can coincide with two situations: the emergence of new/similar toxins or 
the detection of known toxins, but in geographical zones in which they never had been observed. 
Tetrodotoxins form a class of extremely toxic neurotoxins. Unlike the other marine toxins, tetrodotoxin’s 
accumulation in fishery products (fish and mollusc) has never been linked to microalgae but to bacteria. 
The cases of intoxication via TTXs were for a long time limited to Asia (Japan, China, Hong Kong, Thailand, 
Bangladesh). In Europe, TTXs were detected for the first time in 2007 in Spain [1] and more recently in 2012 in 
Greece [2], in 2013 in the UK [3] and 2016 in the Netherlands.
Similarly, ciguatoxins form a category of emerging toxins. For a long time, their presence has only been 
reported in tropical zones (Caribbean, Indian and Pacific Ocean), but recently also in the Canaries, in the Med-
iterranean Sea and in Australia [4]. It is important to underline that between 50.000 and 500.000 intoxications 
are caused each year by ciguatoxins, which represents the most important cause of disease of non-bacterial 
origin linked to fish consumption [5].
A new class of marine toxins are the cyclic imines (gymnodimines, pinnatoxins, pteriatoxins, spirolides). Their 
growing occurrence  in warm ocean waters and their potential toxicity requires to maintain vigilance during 
monitoring [6].

Possible causes of this emergence: climate change?

The climate change represents a considerable threat for human and animal survival with some direct known 
consequences such as ice melting, sea level rising and ocean warming. Other consequences are less evident, 
but could have an equally important impact: an acidification of oceans due to an increase of the atmospheric 
concentration of CO2, [7] an increase of the wind speeds and the stability of water columns due to a strati-
fication of temperatures, a modification of water currents,... All these phenomena are prone to change the 
balance between diatoms and dinoflagellates, as well as the ecotoxicology of these species [8] and ultimately 
impact the quantity and the type of produced marine toxins [9].



1312

Due to the large number of variables to be taken into account, it is virtually impossible to establish a model 
for the link between “climate change and emergence of marine toxins’’. However, it is clearly shown that the 
frequency of toxic episodes and the proliferation of algae (HAB for Harmful Algae Bloom) is rising [10], with 
recurrent occurrence of toxins in new geographical zones.
Thus, ciguatoxins, tetrodotoxins, palytoxins, cyclic imines, ostreocins and ovatoxins, who were historically 
detected in warm waters, have most recently caused incidents in temperate areas.

However, the scientific community agrees that the total number of cases of emergence cannot solely be 
attributed to climate warming.
Human activities [11] can also be directly held responsible for:
• The spreading of toxic species via water transports and ballast sediments (for example on the coast of 

Scotland);
• the presence of fish who accumulate tetrodotoxins in the Mediterranean sea, due to the opening of the 

Suez Canal and the invasion of species of fish originating from the Red Sea and the Indian Ocean;
• increased cases of algal blooms due to the eutrophication of water in the Black sea.
Finally, improvements of analytical methods make it possible to identify and detect emerging marine toxins 
with increasing sensitivity. Consequently, the number of detected cases of these last years could also be 
associated with the advanced analytics and are thus not linked to climate change. This hypothesis was for 
example mentioned to explain the emergence of cyclic imines and azaspiracids.

Challenges for Public Health

From the public health perspective, the emergence of marine toxins in shellfish causes serious problems.
These components are neither covered by legislation nor by the analytical methods carried out routinely 
in the framework of control plans. In Europe, for example, the analytical strategy is based upon reference 
methods that have moved in the last years, from biological to physico-chemical methods (HPLC-UV for ASP, 
HPLC-fluorescence for PSP and LC-MS/MS for lipophilic toxins). Thus, the routine methods allow the detection 
of known toxins which are included in their application scope, but not the detection of emerging toxins. In 
order to guarantee the food safety, it is important that biological methods are applied periodically for the 
control of production zones to detect emerging marine toxins, as mentioned in the regulation 2011/15/UE.
Finally, reference analytical standards and toxicological data are frequently lacking for emerging toxins. These 
lacks hinder both the development of analytical methods and the setting of action limits.
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Food allergy is defined as an adverse immunologic response to a particular food ingredient. The reactions 
and severity vary from patient to patient and are associated with a broad array of signs and symptoms, the 
severest being anaphylactic shock [1]. With a rising pattern in prevalence, current estimates show that nearly 
5% of the adults and at least 8% of children are affected by food allergies [2]. Although numerous clinical 
studies have been conducted, the only current prevention strategy relies on the elimination of the provoca-
tive allergenic ingredient from the patients diet. To help allergic customers, European Directive EC/1169/2011 
requires the labelling of the 14 most important allergens on food products if used as ingredient or products 
thereof [3,4]. However, food products can be contaminated during food production with unwanted food 
allergens which can also cause severe allergic reactions [5]. To protect allergic customers, food manufactures 
make use of precautionary allergen labelling (PAL), such as “may contain …”. Because there is a lack of relation 
between PAL labelling and allergen risk assessment, it has become untrustworthy and sometimes unneces-
sarily to restrict the diet of the patient [6].

In order to protect the allergic consumers and to avoid expensive recalls, reliable food allergen detection 
methods are of utmost importance. However, food control laboratories have to face some difficulties which 
are described in this article.

1/ Available methods for food allergen control

The most widespread used methods are based on recognition of allergen proteins by antibodies, like lateral 
flow devices methods (food industries) and enzyme-linked immunosorbent assay methods (ELISA) (routine 
laboratories). However, modification of allergenic proteins by food processing, or presence of interfering 
compounds (polyphenols, high fat content,…) can compromise the binding of antibodies. This could lead 
to underestimations and even false negative results, as shown on Figure 1 [7–10]; or, in contrast, binding of 
antibodies to other related/homologues proteins may lead to false positive results, also known as cross-reac-
tivity problems.
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Figure 1: Analytical results for 1000 mg/kg of milk powder (National Institute of Standards and Technology SRM 
1549a) baked or not baked cookies obtained with different ELISA kits for (A) casein and (B) β-lactoglobulin detec-
tion [7]
[ x-axis: ELISA kits; y-axis: estimated concentration (unit of the kit) ]

DNA-based methods, like real-time polymerase chain reaction (PCR), are also used to detect the presence of 
the allergenic commodity. This technique proves the presence of the ingredient, but the presence of an in-
gredient specific DNA fragment does not prove the presence of the allergenic protein. Sometimes, it can lead 
to false-positive results (e. g. confusion between chicken and egg DNA) [11]. However, such a cross reactivity 
is also observed for ELISA tests where e.g. kits detecting mustard will also give cross reaction with rapeseed 
[12].

The need for reliable analytical methods for food allergen testing has prompted researchers to develop 
mass-spectrometry-based methods as additional tools [13]. Ultra-high performance liquid chromatography 
coupled to tandem mass spectrometry (UHPLC-MS/MS) is based on the analysis of peptides after an enzy-
matic digestion [14]. Despite the high investment cost and need for trained staff, UHPLC-MS/MS methods 
have the advantages to target several allergens in a single analysis (Fig. 2), and to be highly specific and 
sensitive, even for the analysis of processed foodstuffs.
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Figure 2: MRM (Multiple Reaction Monitoring) transitions for the incurred bread reference material containing 
1000 mg/kg of all seven allergenic foods [15]

2- Food allergens: remaining challenges

Even if food industries and food authorities have currently access to several available techniques for food 
allergens testing, laboratories still have to face some challenges.

2.1 Lack of regulatory threshold

To face this lack, the Voluntary Incidental Trace of Allergen Labelling (VITAL) system was developed in Aus-
tralia and New-Zealand to help food producers in the management of cross-contaminations during food 
production. VITAL fixed global thresholds for raw and baked allergens, based on clinical data [16,17]. Unfortu-
nately, this system does not have any regulatory value, while several national Food Authorities often refer to 
it during risk assessment.
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2.2 Lack of method harmonization

2.2.1  Difference between reporting units

Food laboratories developed DNA-, protein- or peptide-based methods for allergens testing, nevertheless 
food industries or authorities have to make a choice between these approaches or a combination of them. 
The lack of common reference standards, as well as discrepancies in reporting units, makes the comparison of 
results difficult, even between one method type as shown in Table 1.

Table 1: Comparison of some standards used by ELISA providers. 

Provider Format Standard
Sensitivity 

threshold (LOQ)
(mg/kg)

Range of 
quantification

(mg/kg)

Kit 1 Sandwich caseins 0,5 0,5 -20

Kit 2 Sandwich skim milk powder 1,0 1,0 – 10,0

Kit 3 Competitif

whole milk 
powder

NIST SRM 8435 
(expressed in 

casein)

1,6 1,6 – 25

Kit 4 Sandwich milk protein 0,312 0,312 – 20

A common strategy should be adopted; this could include conversion factors and/or even better the use of 
reference materials.
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2.2.2  Determination of method sensitivity

The determination of method sensitivity is evaluated through different approaches: addition of protein ex-
tract [21,22] (in buffer or in food products), or allergen contaminations in food products before/after cooking 
[18,20,23].

ELISA’s sensitivities are often estimated by spiking food matrices, after production, with allergen extracts. 
However, to ensure effectiveness of the detection method, it is becoming more common to assess sensitivity 
– for example during validation of UHPLC-MS/MS methods (table 2 [15,18–20]) - using feed matrices which 
were spiked with allergenic ingredient before preparation. This strategy allows a more realistic estimation of 
method sensitivity regarding real food products analyses.

Table 2: Determination of method sensitivity by different UHPLC-MS/MS methods in baked food products com-
pared with VITAL thresholds for a portion size of 40 g of food products. 

Milk Egg Peanut Soybean Expression of results

VITAL 2,5 0,7 5 25 mg of total proteins by kg

Heick et al. [15] 10 50 10 50 mg of soluble proteins by kg

Gomaa et al. [18] 10 - - 10 mg of total proteins by kg

Monaci et al. [19] 26 30 30 18 mg of ingredients by kg

Planque et al. [20] 0.5 3,4 2,5 5 mg of total proteins by kg

This leads to huge differences in estimated method sensitivity (limit of quantification (LOQ)). An example of 
LOQ variability through these different approaches is presented in Figure 3.
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Figure 3: chromatograms of milk casein αS1 peptide FFVAPFPEVFGK (692.7>920.5) obtained for 0.5 mg of milk 
proteins by kg of (A) baked cookies (180°C -36 min) theoretical sensitivity threshold ratio signal to noise (S/N=10) 
0.5 mg/kg, (B) addition of protein extract in cookie theoretical sensitivity threshold 0.125 mg/kg and (C) addition of 
protein extract in solvent theoretical sensitivity threshold 0.05 mg/kg. Milk powder: NIST 1549a (25.6% of proteins) 
were used to perform this experiment following the protocol describe in the publication: Planque et al. 2016 [20]. 

The difference between these chromatograms proved the necessity to follow a common guideline on meth-
od performance criteria (such as described in [24]), as well as the need for reference standards and materials 
to reach methods harmonization.

2.3  “Fit-for-purpose” analytical methods

Routine laboratories have to face another challenge: the wide variety of food sample types received for anal-
ysis of food allergens. Every method cannot be validated for all sample types, while routine analytical service 
should guarantee trueness and precision of the results for all samples, even in presence of interferences or 
in baked foodstuffs. The scope of an analytical method should therefore be clearly defined. Laboratories also 
have to design a strategy to quantitatively validate their method, especially for processed foodstuffs.

3/ Conclusion

The consumers are looking for safe food products. Food producers are therefore pushed to abandon abusive 
precautionary allergen labelling, and replace it with decent food allergens risk assessment/management.
To achieve this, reliable analytical methods need to be used. And in turn, evolution of the used methods 
already led to improved analytical sensitivity. A real improvement was done for allergen detection in baked 
food products with UHPLC-MS/MS methods, with a sensitivity close to or lower than the threshold level fixed 
by the VITAL system. However, there is still a long way to go for method harmonization.



22

References:

[1] S. Waserman, W. Watson, Food allergy, Allergy, Asthma Clin. Immunol. 7 (2011) S7. doi:10.1186/1710-
1492-7-S1-S7.

[2] S.H. Sicherer, H.A. Sampson, Food allergy: Epidemiology, pathogenesis, diagnosis, and treatment., J. 
Allergy Clin. Immunol. 133 (2014) 291–307; quiz 308. doi:10.1016/j.jaci.2013.11.020.

[3] S.M. Gendel, Comparison of international food allergen labeling regulations, Regul. Toxicol. Pharmacol. 
63 (2012) 279–285. doi:10.1016/j.yrtph.2012.04.007.

[4] Regulation (EU) No 1169/2011 of the European Parliament and of the Council of 25 October 2011 on 
the provision of food information to consumers, amending Regulations (EC) No 1924/2006 and (EC) 
No 1925/2006 of the European Parliament and of the Council, and repealing Commission Directive 
87/250/EEC, Council Directive 90/496/EEC, Commission Directive 1999/10/EC, Directive 2000/13/EC of 
the European Parliament and of the Council, Commission Directives 2002/67/EC and 2008/5/EC and 
Commission Regulation (EC) No 608/2004 Text with EEA relevance OJ L 304, 22.11.2011, p. 18–63 (BG, ES, 
CS, DA, DE, ET, EL, EN, FR, IT, LV, LT, HU, MT, NL, PL, PT, RO, SK, SL, FI, SV) Special edition in Croatian: Chapter 
15 Volume 020 P. 168 - 213.

[5] M.Q.I. Spanjersberg, A.C. Knulst, A.G. Kruizinga, G. Van Duijn, G.F. Houben, Concentrations of unde-
clared allergens in food products can reach levels that are relevant for public health, Food Addit.  
Contam. Part A. 27 (2010) 169–174. doi:10.1080/19440040903317513.

[6] K.J. Allen, P.J. Turner, R. Pawankar, S. Taylor, S. Sicherer, G. Lack, N. Rosario, M. Ebisawa, G. Wong, E.N.C. 
Mills, K. Beyer, A. Fiocchi, H.A. Sampson, Precautionary labelling of foods for allergen content: are we 
ready for a global framework?, World Allergy Organ. J. 7 (2014) 10. doi:10.1186/1939-4551-7-10.

[7] V. Dumont, S. Kerbach, R. Poms, P. Johnson, C. Mills, B. Popping, S. Tömösközi, P. Delahaut, Development 
of milk and egg incurred reference materials for the validation of food allergen detection methods, 
Qual. Assur. Saf. Crop. Foods. 2 (2010) 208–215. doi:10.1111/j.1757-837X.2010.00081.x.

[8] A. Iqbal, F. Shah, M. Hamayun, A. Ahmad, A. Hussain, M. Waqas, S.-M. Kang, I.-J. Lee, Allergens of Arachis 
hypogaea and the effect of processing on their detection by ELISA., Food Nutr. Res. 60 (2016) 28945. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4773821&tool=pmcentrez&render-
type=abstract (accessed April 26, 2016).

[9] S. Khuda, A. Slate, M. Pereira, F. Al-Taher, L. Jackson, C. Diaz-Amigo, E.C. Bigley, T. Whitaker, K.M. Williams, 
Effect of processing on recovery and variability associated with immunochemical analytical meth-
ods for multiple allergens in a single matrix: sugar cookies., J. Agric. Food Chem. 60 (2012) 4195–203. 
doi:10.1021/jf3001839.

[10] L. Monaci, M. Brohée, V. Tregoat, A. van Hengel, Influence of baking time and matrix effects on the 
detection of milk allergens in cookie model food system by ELISA., Food Chem. 127 (2011) 669–75. 
doi:10.1016/j.foodchem.2010.12.113.

[11] S.M. Albillos, Detection Problems Associated to Processed Food Allergens, J. Food Process. Technol. 03 
(2012) 1–2. doi:10.4172/2157-7110.1000e104.

[12] I. Taverniers, B. Van Droogenbroeck, M. De Loose. Soort-specifieke PCR detectie van mosterd species 
(Sinapis alba, Brassica nigra, Brassica juncea) als potentiële “ verborgen” allergenen in voeding. LabInfo 
12, 2014-07, p.23-28 

[13] L. Monaci, A. Visconti, Mass spectrometry-based proteomics methods for analysis of food allergens, 
Trends Anal. Chem. 28 (n.d.) 581–591. doi:10.1016/j.trac.2009.02.013.

[14] N. Gillard, O. Gaëtan, P. Delahaut, Analyse d’allergènes alimentaires par LC-MS/MS, LabInfo (2015.) p21-
28.



2322

[15] J. Heick, M. Fischer, B. Pöpping, First screening method for the simultaneous detection of seven 
allergens by liquid chromatography mass spectrometry., J. Chromatogr. A. 1218 (2011) 938–43. 
doi:10.1016/j.chroma.2010.12.067.

[16] K.J. Allen, B.C. Remington, J.L. Baumert, R.W. R Crevel, G.F. Houben, S. Brooke-Taylor, A.G. Kruizinga, S.L. 
Taylor, Allergen reference doses for precautionary labeling (VITAL 2.0): Clinical implications, J. Allergy 
Clin. Immunol. 133 (2014) 156–164. doi:10.1016/j.jaci.2013.06.042.

[17] S.L. Taylor, J.L. Baumert, A.G. Kruizinga, B.C. Remington, R.W.R. Crevel, S. Brooke-Taylor, K.J. Allen, N. Zea-
land, G. Houben, Establishment of Reference Doses for residues of allergenic foods: Report of the VITAL 
Expert Panel, FOOD Chem. Toxicol. 63 (2014) 9–17. doi:10.1016/j.fct.2013.10.032.

[18] A. Gomaa, J. Boye, Simultaneous detection of multi-allergens in an incurred food matrix using ELISA, 
multiplex flow cytometry and liquid chromatography mass spectrometry (LC-MS)., Food Chem. 175 
(2015) 585–92. doi:10.1016/j.foodchem.2014.12.017.

[19] L. Monaci, R. Pilolli, E. De Angelis, R. Carone, M. Pascale, LC-tandem mass spectrometry as a screen-
ing tool for multiple detection of allergenic ingredients in complex foods, ACTA IMEKO. 5 (2016) 5–9. 
https://acta.imeko.org/index.php/acta-imeko/article/view/IMEKO-ACTA-05 %282016%29-03 (accessed 
May 27, 2016).

[20] M. Planque, T. Arnould, M. Dieu, P. Delahaut, P. Renard, N. Gillard, Advances in ultra-high performance 
liquid chromatography coupled to tandem mass spectrometry for sensitive detection of several food 
allergens in complex and processed foodstuffs., J. Chromatogr. A. 1464 (2016) 115–23. doi:10.1016/j.
chroma.2016.08.033.

[21] R. Korte, S. Lepski, J. Brockmeyer, Comprehensive peptide marker identification for the detection of 
multiple nut allergens using a non-targeted LC-HRMS multi-method., Anal. Bioanal. Chem. 408 (2016) 
3059–69. doi:10.1007/s00216-016-9384-4.

[22] L. Monaci, R. Pilolli, E. De Angelis, M. Godula, A. Visconti, Multi-allergen detection in food by micro 
high-performance liquid chromatography coupled to a dual cell linear ion trap mass spectrometry., J. 
Chromatogr. A. 1358 (2014) 136–44. doi:10.1016/j.chroma.2014.06.092.

[23] J. Heick, M. Fischer, S. Kerbach, U. Tamm, B. Popping, Application of a liquid chromatography tandem 
mass spectrometry method for the simultaneous detection of seven allergenic foods in flour and bread 
and comparison of the method with commercially available ELISA test kits., J. AOAC Int. 94 1060–8. 
http://europepmc.org/abstract/med/21919338 (accessed April 28, 2016).

[24] V. Paez, W.B. Barrett, X. Deng, C. Diaz-Amigo, K. Fiedler, C. Fuerer, G.L. Hostetler, P. Johnson, G. Joseph, E.
J.M. Konings, M. Lacorn, J. Lawry, H. Liu, E. Marceau, K. Mastovska, L. Monteroso, S.-J. Pan, C. Parker, M.M. 
Phillips, B. Popping, S. Radcliffe, C.A. Rimmer, M. Roder, A. Schreiber, J. Sealey-Voyksner, J. Shippar, D.P. 
Siantar, D.M. Sullivan, J. Sundgaard, J. Szpylka, J. Turner, B. Wirthwine, J.L. Wubben, S. Yadlapalli, J. Yang, 
J.M. Yeung, J. Zweigenbaum, S.G. Coates, Standard Method Performance Requirements (SMPRs®) for 
Detection and Quantitation of Selected Food Allergens, J. AOAC Int. 99 (2016) 1122–1124. doi:10.5740/
jaoacint.SMPR2016.002.

m.planque@cergroupe.be ; infolnr@cergroupe.be



24

Analysis of pine nuts causing PNS  
(pine nut syndrome)
Jeroen Vancutsem1,Koen Doms2 and Hans Rediers2

1 FAVV, FLVVT, Leuvensesteenweg 17, 3080 Tervuren
2 Laboratorium voor Microbiële Procesecologie en –beheersing, KU Leuven – campus De Nayer

Introduction

People worldwide are ever more interested in pine nuts. This has several consequences. In the south-east of 
Siberia, the Pinus koraiensis species is economically important, as a result of which intensive harvest can lead 
to environmental damage locally. In addition, the prices of pine nuts have risen as a consequence of a higher 
consumption in the past few years and the cyclic production of 2-7 years (production see figure 1). Prices 
have risen from 10€/kg to 40€/kg in 2009 as a result of a poor harvest. At that time, non-edible species of pine 
nuts appeared on the international market, such as pine nuts of the P. armandii species, mainly to be found in 
China (spread, see figure 2). 

Figure 1 : Production of pine nuts (left) and export (right)
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Figure 2: Spread of P. armandii (left) and P.koraiensis (right)

Pine nut syndrome (PNS)

Consuming pine nuts of the P. armandii species causes the ‘pine nut syndrome’ (PNS). One to two days after 
eating these nuts, a bitter taste is noticed which usually may last several days, but sometimes several weeks. 
Why these pine nuts cause PNS has not yet been clarified. Contrary to other Pinus-species such as P. pinea, 
these pine nuts contain a lot of pinolenic acid (see figure 3) that stimulates the enteric-endocrine system to 
produce cholecystokinin (CCK) which is an interesting hypothesis for this syndrome. 
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Figure 3: Typical chromatograms of fatty acid methyl esters of (A) P. koraiensis; (B) P. armandii; (C) P. sibirica; (D) P. 
gerardiana; (E/F) P. pinea with GC-FID with (11) = pinolenic acid (source: Fardin-kia et al., 2012)

Among other things, CCK causes a higher production of bile in the liver. It also causes the  bile to be exuded 
in the gastrointestinal tract. The excessive bile could cause a “cross-wiring” in the brain of the bitter receptors 
of the tongue and of the gastrointestinal tract causing an aftertaste of bitterness. This hypothesis offers also 
a possible explanation for the fact that these symptoms remain for a long time, because some metabolites 
of the liver which are exuded via the bile tract into the duodenum are reabsorbed by way of enterohepatic 
recirculation. 

The FAO has published a list of edible pine nut species (Table 1). Pine nut species not recorded in the table 
are considered to be not edible.

Table 1: Table with edible pine nut species (FAO, 1998; Zonneveld, 2008)

P. ayacahuite Mexico, Central America

P. albicaulis West Canada and the US

P. cembra Europe (Alps and Carpathians) 

P. flexilis West Canada and the US

P. gerardiana* East Afghanistan, Pakistan, North India

P. koraiensis* East China, Japan, Korea, SE Siberia

P. lambertiana W US (California, Oregon)

P. monticola NW US and adjacent Canada

Piñon pines* N Mexico, SW US

P. pumila E Siberia, E China, Korea, N Japan

P. sibirica* Russia (Central Siberia), Mongolia

P. strobifonnis N Mexico, SW US

P. coulteri US (California)

P. pinea* Mediterranean Europe and Near East

P. ponderosa West Canada and the US

P. sabiniana US (California)

P. roxburghii India

P. torreyana US (California)

*: the economically most important species
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Analytical methods

Visual method

In 2010, the FLVVT developed a visual method of analysis. Based on reference samples (see figure 4) obtained 
via the anti poison centre and an operator, an identification method was developed using visual characteris-
tics. Pine nuts of different species may show differences in size and shape. The amount of pine nuts per 100g 
and the fact that nuts fall through a sieve with a mesh size of 4 mm are parameters leading to identification. 

A

D

G

B

E

H

C

F

Figure 4: Pine nuts  (A) P. pinea, (B)  P. armandii, (C) P. gerardiana, (D) P. koraiensis, (E) P. sibirica, (F) P. massoniana, 
(G) P. yunnanensis, (H) P. pumila (pictures not in proportion)
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GC-FID 

From 2011 until 2013, the LFSAGx has carried out confirmation analyses using GC-FID according to the meth-
od developed by Destaillats et al. (2010). Pine nuts are identified on the basis of the different ratio of fatty 
acids in various species - the diagnostic index (DI).
  

 DI=  
 c + (5,9 - 18 : 2 + 5,9,12 - 18 : 3 + 5,11,14 - 20 : 3The DI is defined as

  (18 : 1 n - 9 en n - 7) + 18 : 2 n - 6 + 20 : 2 n - 6 
×10

 
with the values of the individual fatty acids expressed in % of the total content of fatty acids

Based on the publication by Wolff et al. (2000), a reference DI could be determined for the different pine nut 
species (see table 2).

Table 2: DI value for various pine nut species (Wolff et al., 2000)

Espèces P. gerardiana P. pinea P. koraiensis P. armandii P. sibirica P. massoniana P. tabuliformis P. yunannensis

DI 0,17 0,34 2,50 2,92 3,03 3,55 3,82 4,30

This method may be used if the sample does not consist of a mixture of various pine nut species, as other-
wise an intermediary signal will appear. In case of a mixture, it will be necessary to separate the pits manually.

RT-PCR

Because of the fact that a visual separation is not always quite simple, as some species are very alike and not 
every pine nut looks the same, the FLVVT developed a new method in the framework of a master’s degree 
dissertation at the KULeuven in 2013-2014. In this respect, a recently published RT-PCR method with some 
modifications has been developed in practice - Handy et al. (2013) chose interesting areas in the plastid ge-
nome where they searched for single nucleotid polymorphisms (SNPs) that are unique for P. armandii. Three 
candidate-areas were selected and tested. Primers have been developed to detect these SNPs with an ampli-
con length of +/- 150 bp. The primers were optimized during the master’s degree. DNA was extracted using 
the DNeasy Blood and Tissue kit (FLVVT: Wizard® Magnetic DNA Purification System for Food). In addition, 
LNA probes (Locked Nucleic Acid) were used. LNA-probes are probes with modified amino acids in which the 
ribose ring is fixed by a methylene bridge between the 2’-O atom and the 4’-C atom (see figure 5). By fixing 
the molecules, they are in an ideal confirmation for the Watson-Crick binding which is faster and more stable.
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Figure 5: LNA- and DNA-monomers

In addition to the FAM-BHQ1-probe, a blocker probe (HEX-BHQ1) which differs by one base has been devel-
oped and designed to bind with genetically related species among which the most important P. koraiensis 
(see figure 6). 

Figure 6: Phylogenetic relationship among Eurasian Pinus-species (Wang et al., 1999)
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HEX and FAM can be observed in one and the same RT-PCR run and can also be used f.i. as an indication of 
other pine nut species (see figure 7).

Figure 7: Amplification curve of some pine nut species with FAM (left) and HEX (right) signals.

Several matrices have been analyzed using this method and so far no cross reactivity has been observed. One 
of the next steps is to search for P. armandii in mixtures, in which the P. armandii nuts can be revealed at a 
concentration of 1% according to scientific literature. 
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P. koraiensis
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P. pinea
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thousands of droplets
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Introduction

Escherichia coli is a harmless bacterium that is present in the gut flora of any healthy human and animal. How-
ever, some types of E. coli, such as the Shiga toxin-producing E. coli or STEC, can cause mild to severe illness 
in humans. The ability of this bacterium to produce Shiga toxins may induce diarrhea, blood coagulation 
disorders, renal failure and sometimes even death, especially in young and elderly people (1). Ruminants and 
especially cattle are considered to be the main reservoir for STEC. While ruminants themselves rarely suffer 
from clinical symptoms, they are often the basis of STEC outbreaks in humans as a result of direct contact 
with infected animals or of food contamination. The exact mechanism that ensures STECs survival within the 
cattle population is largely unknown. Infected animals can be identified by detection of STEC in cattle faeces. 
Some animals shed a higher number of STEC than others, and are called ‘super-shedders”. They might play 
a crucial role in the survival of STEC within the cattle population (2). Measurements of the concentration of 
shed STEC in faeces could result in answers concerning transmission of STEC, contamination sources and 
efficiency of treatments at farm.

Quantification of STEC

In the past, quantification of STEC was conducted via direct microbiological plating using serial dilutions, a 
time consuming and sometimes unreliable technique. Because most isolation media for STEC lack in specifici-
ty, they do not allow to differentiate between commensal E. coli and STEC.
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A. Quantitative PCR

At present, the determination of shedding profiles and contamination sources at farm level is performed by 
DNA-based quantification techniques, such as the quantitative polymerase chain reaction (qPCR), based on 
the quantification of Shiga toxin genes (stx1 and stx2) (3). This technique continuously monitors the increase 
of the specific DNA fragments, by the addition of a fluorescent dye (figure 1). For quantification, a standard 
serial dilution is required of which the exact amount of copies is known. Based on this standard, the initial 
amount of DNA fragments in the unknown sample can be determined. The disadvantage of this technique is 
the need for the construction and analysis of a reliable independent standard for each analyzed gene, which 
has to undergo the PCR simultaneously.
 

Figure 1: The qPCR technique measures the increase of the DNA fragments during every successive PCR cycle. Both 
the unknown sample (blue) and standard (red) undergo the PCR simultaneously.
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B. Droplet Digital PCR

Recently a new, third generation PCR, or digital PCR, is used. Droplet Digital PCR (ddPCR) is an example of dig-
ital PCR which divides each sample into thousands of nano-droplets and assesses the presence of the DNA 
fragments responsible for the Shiga toxins in every droplet (Figure 2). The DNA fragments are distributed so 
that each droplet contains either one or no DNA fragment. The software conducts an accurate quantification 
of the entire sample based on the distribution between positive and negative droplets, without relying on a 
standard as is the case with qPCR.

Figure 2: Workflow of a droplet digital PCR (QX200, Bio-Rad, Marnes-la-Coquettes, France)

The obtained results for the quantification of Shiga toxin genes using ddPCR are very similar to these ob-
tained using qPCR. However, the ddPCR seemed to be unable to quantify high amounts of DNA fragments, 
because in these cases all droplets contained either one or more DNA fragments. Therefore, no distribution 
between positive and negative droplets could be made. Nevertheless, this can easily be resolved by diluting 
the sample (4).

The presence of inhibiting substances in a sample may lead to PCR inhibition. As illustrated in Figure 3 for 
ddPCR, PCR inhibition may cause a decreased signal. However, an accurate quantification remains possible 
as long as a clear separation between positive and negative droplet can be observed. For qPCR on the other 
hand, PCR inhibition may lead to a delayed increase of DNA fragments resulting in an underestimation of the 
amount of STEC. However, the proneness of qPCR to PCR inhibition is very dependent on the qPCR Master-
mix used (4).
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Figure 3: Effect of PCR inhibition (arrows) on the quantification of STEC using ddPCR (A) and qPCR (B)

Conclusion

Both DNA quantification techniques offer distinct advantages for the quantification of STEC compared to 
classical microbiological techniques. While the results of both techniques are very comparable, the main 
advantage of ddPCR over qPCR is the possibility of quantification independent from any standard solutions. 
Therefore, the use of ddPCR could be considered as a valuable method to identify “STEC super-shedders” 
within the cattle population, to trace important contamination sources and to evaluate the effect of treat-
ments at farm level. 
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Enumeration of thermophilic 
Campylobacter species on broiler 
carcasses using real time PCR
David Triest, Alexandra Duarte, Katelijne Dierick and Nadine Botteldoorn
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Campylobacteriosis is the most common infectious disease caused by bacteria and can be transmitted from 
animals to humans. [1] Broiler meat infected with Campylobacter is an important source of human infection 
through contact and consumption. The Campylobacter status of broiler meat is being monitored carefully and 
this monitoring is a part of the official control programme of the FASFC.
At the moment there is no European legislation related to food safety and/or process hygiene criteria for 
Campylobacter on broiler carcasses. Yet, negotiations on this matter are being held. However, a food safety 
criterion involving the assessment of presence or absence of Campylobacter is not realistic, whereas a process 
hygiene criterion is more realistic.
It is generally assumed that the amount of Campylobacter cells on broiler carcasses has a large impact on 
the number of campylobacteriosis cases in humans (EFSA opinion). [2] Therefore, it is extremely important 
to accurately quantify Campylobacter on broiler carcasses for detecting heavy contaminated carcasses and 
in order to introduce specific measures. The reference method ISO/TS 10272-2 (2006) can be used in order to 
quantify Campylobacter. This method is the classical mCCDA culture-medium based enumeration method 
(colony counts), which also requires confirmation of the identity of the colonies. With this reference method, 
results are only available 96 hours after sampling. On the other hand, the qPCR method can be used as well 
and results are obtained considerably faster compared to the culture based reference method. This fast quan-
tification is essential in the food industry in order to take immediate actions whenever the process hygiene 
criterion might be applied.
However, the standard qPCR method cannot discriminate between living and dead bacterial cells. An adapt-
ed qPCR method has recently been developed, which deals with this problem by using PMA (propidium 
monoazide), i.e. a DNA binding dye ensuring discrimination between living and dead cells (Figure 1).
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Figure 1: Principle of the PMA-qPCR method.
When exposed to light, PMA binds to the DNA of cells with a compromised membrane (dead cells). As a conse-
quence, only DNA of intact cells (living cells) is amplified by qPCR.
Key: blue = membrane, black = DNA of dead cell, green = DNA of living cell, red = PMA.
Légende : bleu = membrane, noir = ADN des cellules mortes, vert = ADN des cellules vivantes, rouge = PMA.

Only a very limited number of researches have studied the reliability of this PMA-qPCR method, which should 
in theory quantify only the living cells, and have compared it to the reference method. 
Another important aspect is the fact that Campylobacter cells in contaminated food are often injured due to 
the different processing and conservation procedures involved with food, such as cooling or freezing. These 
injured cells might then become sensitive to products to which they are normally tolerant. Moreover, it has 
been shown that certain products used in the reference method can indeed be fatal for these cells. Conse-
quently, the number of living cells is being underestimated when the contaminated food is subject to a so-
called stress condition. Hence, this underestimation with the reference method poses problems towards the 
consumer’s safety because potentially heavily contaminated carcasses might not be detected. 
Up till now, no research has been done concerning the appropriateness of the PMA-qPCR method to correct-
ly quantify the number of living cells (including the injured cells). The study of Duarte et al. (2015) [1], carried 
out during the Campytrace project at the department of food pathogens of the WIV-ISP, focused on this issue 
by testing both the PMA-qPCR method as well as the standard qPCR method on broiler carcasses which had 
been naturally and artificially contaminated with Campylobacter jejuni and Campylobacter coli. In addition, 
these methods were compared with the reference method. Figure 2 shows an overview of the different meth-
ods evaluated in this study.
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Figure 2: Methods for Campylobacter quantification on broiler carcasses.
Three methods were compared in the study of Duarte et al. (2015)1: the culture-based reference method (left), the 
standard qPCR method (middle), and the PMA-qPCR method (right). Contrary to the reference method and the 
PMA-qPCR method, the standard qPCR method cannot discriminate between living (green) and dead (black) Cam-
pylobacter cells. It is possible that injured Campylobacter cells (grey) are not quantified in the reference method in 
comparison to the (PMA)-qPCR method.
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Five different stress conditions to which carcasses are, in general, subject during processing and conserva-
tion procedures, ranging from exposure to heat, cold, freezing, an acid treatment and a hydrogen peroxide 
treatment, were tested. A self-developed PMA-qPCR method was used for this matter. The most important 
conclusions were: (i) The result of the Campylobacter quantification using the classical counting method 
corresponds best with the results obtained with the PMA-qPCR method, as expected, and not with these of 
the standard qPCR method. (ii) Compared to the PMA-qPCR method, the reference method indeed underesti-
mates the number of living cells when carcasses were subject to heat, cold, freezing or an acid treatment. (iii) 
The only stress condition which did not cause any decrease in the number of living Campylobacter cells ac-
cording to all tested methods (reference and (PMA-)qPCR method), was a hydrogen peroxide treatment. The 
latter shows that Campylobacter can adapt itself efficiently to this stress condition. (iv) For both the reference 
method and the PMA-qPCR method, the largest decrease in the number of living Campylobacter cells was 
caused by freezing. This indicates that freezing of carcasses can be an interesting strategy when developing 
guidelines to reduce the number of campylobacteriosis cases in humans.
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Introduction:

Despite all the efforts made in the last decades, Salmonella infections still remain a major problem in public 
health. As a matter of fact, they are the second cause of bacterial gastroenteritis in Western countries, after 
Campylobacter infections. Most cases of salmonellosis do not require any treatment with antibiotics, but in 
some cases (for example older people, immunocompromised persons or young children), an antibiotic ther-
apy is unavoidable. Nevertheless, even when no treatment is required, the infected person shows symptoms 
(fever, diarrhoea, vomiting, headache) during several days, leading to shorter or longer period of incapacity 
to work, which is inevitably a cost to society. It is therefore crucial to limit the number of ill people as quickly 
as possible by removing the contaminated products from the market.

Surveillance system put into place in Belgium:

As most of European countries, Belgium has set up a highly effective system for surveillance of Salmonella. 
This system is based on the monitoring of the salmonellosis cases in the population as a result of the work 
of the National Reference Center (CNRSS), combined with a surveillance of the foodstuffs and of the primary 
sector, conducted based on the close collaboration between the Agency for the Safety of the Food Chain 
(FASFC), the National Reference Laboratories (NRL, food sector) and the CNRSS.
In practice, the strains isolated from patients, the strains isolated from foodstuffs and from the veterinary sec-
tor are transported to the CNRSS or NRL to be typed, subtyped and compared with each other with the aim 
of identifying the sources of the contamination and eliminating them. Moreover, it should be noted that from 
January 2017, all typing and subtyping will be performed in the CNRSS, which will make the comparison of 
the data even more easier.
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Classical methods for typing of Salmonella strains:

Salmonella are bacteria belonging to the Enterobacteriacae family. They include two species (S. enterica and S. 
bongori), where S. enterica itself is divided into 6 subspecies. Salmonella contains more than 2579 serotypes, 
that can be identified by determining the somatic antigens O, the flagellar antigens H and the surface anti-
gens (Vi) by means of specific antibodies, following the Kauffmann and White scheme.
In practice, all strains sent to the CNRSS and the NRL are first analysed with the slide agglutination test in 
order to determine the serotype (Figure 1). This first analysis is essential but often not sufficient to find the 
source of the contamination. Indeed, the majority (85%) of the Salmonella infections in the western coun-
tries are only related to some ten different serotypes among the 2600 existing ones (Figure 1 and Figure 2). 
Subtyping these strains is therefore crucial to establish a formal link between the food strain and the patient 
strain.

Figure 1. Slide agglutination; on the left: positive reaction; on the right: negative reaction.

Figure 2: The top ten serotypes involved in human Salmonella infections in Belgium in 2015



4342

Subtyping techniques:

1) Pulsed-field gel electrophoresis:
 This technique consists of comparing the strains with each other based on the migration profile of their 

DNA fragments in a pulsed field (Figure 3). Although this technique is now becoming outdated, it has 
largely proven itself in many investigations of Salmonella outbreaks that occurred in this last decade 
(2, 3). In Belgium, it allowed particularly to find the origin of the contamination during the outbreak of 
Salmonella Ohio in 2005 (3). This investigation was really successful as it pointed out the source of the 
contamination but also allowed to set the measures for decontamination of the machines and their 
parts, as well as to clarify the channels to be used to communicate the hygiene rules to the seasonal 
workers, who do not always speak the national languages (3).

 The pulsed-field gel electrophoresis also offers the advantage of being a universal technique and can 
therefore be applied on the 2600 different serotypes of Salmonella.

 

Figure 3: Pulsed-field gel electrophoresis instrument and example of 3 DNA profiles compared using this method.
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2) MLVA (Multiple Loci Variable Number of Tandem Repeats Analysis):
 This technique is aimed at comparing the Salmonella isolates with each other regarding the length and 

the repetition number of certain repeated regions in their genome. Two isolates will be considered iden-
tical or closely related depending on the absence of variation or the limited variations in these repeated 
regions. Unfortunately, this is not a universal technique and it requires a specific development for each 
serotype. This technique is currently used in Belgium for the routine subtyping of the two most frequent 
serotypes involved in Salmonella infections: S. Enteritidis (5) and S. Typhimurium (4).

 We have also shown for S.Typhimurium that this technique sometimes was too discriminative (high 
variation of some repeated regions in related or identical strains) (4). For S. Enteritidis, which is consid-
ered as one of the most clonal serotypes among the 2600, this technique is very discriminative, even 
if a majority profile could be identified in 28% of the strains tested in Belgium (5). The routine use of 
this subtyping technique recently allowed to participate in the investigation of a Salmonella Enteritidis 
outbreak affecting several European countries, and to find the source of the contamination (Figure 4).

Figure 4: Phylogenetic tree presenting the different MLVA profiles of Salmonella strains isolated in patients (red) 
and in foodstuffs (green) in 2016; the blue circle in the figure shows the profile that was involved in the outbreak 
detected in several European countries.
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3) Next Generation Sequencing (NGS):
 This technique allows sequencing of the whole genome of the isolate, in this case the Salmonella strain, 

and then to compare the genomes with each other. This technique is a major revolution which the 
microbiology laboratories nowadays have to deal with, as it is universal and may replace the classical 
typing and subtyping methods. There are at least two methods for comparing these genomic sequenc-
es: comparison of the « core genome MLST » and comparison of single nucleotide polymorphisms 
(SNPs). The « core genome MLST » method makes it possible to compare the sequences of several 
thousand « housekeeping » genes. This is the method which currently allows to harmonize quickly the 
comparison made between laboratories or between different countries. Comparing the SNPs is proba-
bly the most discriminative method and may, therefore, be too discriminative. It requires a high degree 
of harmonisation of this analysis between the laboratories, as well as the establishment of a nomencla-
ture for exchanging the information in a comprehensible way between the different actors. Provided 
these harmonisation steps, this is a universal method that begins to be successfully used in the investi-
gations of Salmonella outbreaks, notably in Belgium (6). Recently, its importance and added value were 
demonstrated during an investigation of an outbreak affecting several European countries, as it made 
it possible to distinguish 3 different groups of strains (thus 3 different contamination sources) within a 
Salmonella Enteritidis population with a very rare MLVA profile (the data are currently being published). 
Nevertheless, this technique is currently very costly (especially if it has to be implemented for the analy-
sis of a limited number of strains) and is, at the moment, not sufficiently rapid. Indeed, after the isolates 
arrive in the laboratory, more than one week is needed to obtain the sequences and the analysis there-
of. All these parameters are currently being evaluated by the scientific community in order to position 
this promising and universal technique in the multitude of available tests and to correctly estimate the 
cost-effectiveness of using this technique in routine in our analytical laboratories.

4) Techniques of targeted genotyping:
 When just some features of a bacterium have to be identified (for example the absence or presence of 

certain genes making the bacterium resistant to specific antibiotics), an approach based on targeted 
genotyping is certainly much more effective and cost-effective than an analysis of the whole genome. 
Recently in the CNRSS, we have developed and validated new methods based on the Luminex tech-
nology, enabling (i) the subtyping of S. Typhimurium (7) and the screening of more than 50 genes or 
mutations (SNPs) inducing the resistance (ii) to beta-lactams (8) and (iii) to fluoroquinolones (Figure 5). 
This method is based on the emission of fluorescent signals associated to the presence of the targeted 
genes or SNPs. Strengthened by this experience, a test that will enable the genoserotyping (or DNA-
based serotyping) of the most frequent serotypes in pork and poultry in Belgium (Salmstid project) 
is under development. This technique will be made available to the first-line laboratories in order to 
accerelate the detection of the Salmonella to be controlled according to the European legislation (EU 
regulation N°2160/2003). The great advantage of this multiplex technique is that it is able to analyse a 
huge quantity of strains simultaneously (96 samples/analysis), it is low-cost and can easily be adapted to 
new targets.
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Figure 5: Schematic view of the different analysis steps with the targeted genotyping « Luminex » technique

Conclusions:

There are currently several methods for typing and subtyping of Salmonella which enable to identify and 
eliminate the source of the contamination. Each of these methods has its advantages and drawbacks. The 
choice of the method to be used therefore depends on the situation we are facing, the number of samples to 
be analysed as well as the available time and budget.
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Workshops & Symposia

Date Subject Place More information (website)

8-12.05.2017 The IDF/ISO Analytical Week 2017 Madison, Wiscon-
sin, United States 
of America

http://www.fil-idf.org/events/upcom-
ing-events/

15.05.2017 Colloquium Wie doet wat voor 
bijen?

Koninklijk Bel-
gisch Instituut 
voor Natuur-
wetenschappen

http://www.levedebijen.be/Bijen/nl/collo-
quium/inschrijvingspagina_696.aspx

23.05.2017 International symposium on crop 
protection

Gent, Belgium http://www.ugent.be/bw/crop-protection/
iscp/en

24.05.2017 Trends in Food Analysis VIII Gent, Belgium Organised by the Flemish Chemical Soccie-
ty – Food section
https://www.kvcv.be/index.php/nl/trends-
in-food-analysis-viii

29.05 – 2.06.2017 12th European Foundation of Plant 
Pathology meeting

Dunkerque, 
France

http://efpp12sfp10.univ-littoral.fr/

1-2/06/2017 8th International Fresenius Confer-
ence “Health Claims and Functional 
Ingredients”

Atrium Hotel 
Mainz/Germany

https://www.akademie-fresenius.
com/events/detail/produkt/8th-in-
ternational-fresenius-confer-
ence-health-claims-and-functional-ingre-
dients/

4-8.06.2017 14th Symposium on Bacterial Ge-
netics and Ecology

Aberdeen, Scot-
land

http://www.bageco.org/

19-20.06.2017 19th International Fresenius AGRO 
Conference “Behaviour of Pesticides 
in Air, Soil and Water”

Atrium Hotel 
Mainz/Germany

https://www.akademie-fresenius.com/
events/detail/produkt/19th-internation-
al-fresenius-agro-conference-behav-
iour-of-pesticides-in-air-soil-and-water/

19-21.06.2017 4th World Congress on Mass Spec-
trometry

London, England http://massspectrometryeurope.blogspot.
be/

21-22.06.2017 6th International Fresenius Con-
ference “Residues of Food Contact 
Materials in Food”

Park Inn by 
Radisson Köln 
City West, 
Cologne/
Germany

https://www.akademie-fresenius.
com/events/detail/produkt/6th-inter-
national-fresenius-conference-resi-
dues-of-food-contact-materials-in-food/

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.
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25-28.06.2017 CoCoTea 2017 : 4th International 
Conference on Cocoa Coffee and 
Tea

Turin, Italy www.cocoteacongress.com/

09-12.07.2017 IAFP Annual meeting
(IAFP = International Association 
Food Protection)

Florida, USA https://www.foodprotection.org/an-
nualmeeting/

09-13.07.2017   FEMS 7th Congress of European 
Microbiologists

Valencia, Spain  http://www.fems-microbiology2017.kenes.
com/landing/Pages/default.aspx

13-14.07.2017 International Conference on Food 
Contaminants (ICFC 2017) in Braga, 
from the 13th to the 14th of July 
2017

Braga, Portugal http://www.icfc2017.uminho.pt/

7-9.08.2017 4th World Congress on Chromatog-
raphy

Rome, Italy http://chromatography.conferenceseries.
com/ 

20-25.08.2017 37th International Symposium on 
Halogenated Persistent Organic 
Pollutants (POPs) - DIOXIN 2017

Vancouver, 
Canada

http://www.dioxin2017.org/

28-30.08.2017 8th Annual Congress on
Analytical and Bioanalytical Tech-
niques

Bruxelles / 
Belgium

http://analytical-bioanalytical.alliedacade-
mies.com/scientific-program-pdfs

7-8.09.2017 The 3rd international INSECTA con-
ference 2017

Berlin, Germany The conference aims to give an overview 
of the state-of-the-art of insect technology 
and the prospects and constraints of the 
use of insects as food, feed and non-food 
in Europe and worldwide. Technological, 
commercial, ecological, political and ethi-
cal issues are discussed.
http://insecta-conference.com/

18-19.09.2017 46th World Congress on 
Microbiology

Dublin, Ireland Theme: Perceiving the challenges of the in-
ter-disciplinary world of microbes through 
Research, Response & Regulation
http://microbiology.conferenceseries.com/
europe/

21-22.09.2017 22nd Conference on Food Microbi-
ology

Brussels, Belgium Organized by the Belgian Society for Food 
Microbiology vzw/aslb (BSFM)
www.bsfm.be

11-14.09.2017 1st MycoKey International Confer-
ence
Global Mycotoxin Reduction in the 
food and feed chain

Ghent, Belgium http://www.mycokey.eu/global-mycotox-
yn-reduction-in-the-food-and-feed-chain-
first-announcement/

21.09.2017 Darmgezondheid: gezondheid zit 
in de darmen

Breda, Nederland http://www.aoaclowlands.nl

24-27.09.2017 131st AOAC INTERNATIONAL Annu-
al Meeting And Exposition

Atlanta, USA https://www.aoac.org/AOAC_Prod_Imis/
iCore/Events/Event_Display.aspx?Event-
Key=17AM&WebsiteKey=cf9be5e4-94bf-4
2f8-9cad-561acbe5ce94
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1-4.10.2017 3rd IMEKOFOODS Conference “Me-
trology Promoting Standardization 
and Harmonization in Food and 
Nutrition”

Thessaloniki, 
Greece

http://imekofoods3.web.auth.gr 

04-06.10.2017 EuroFoodChem XIX Conference Budapest, 
Hungary

http://www.eurofoodchem2017.mke.org.
hu/

18-20.10.2017 2nd World Conference on Innova-
tive Animal Nutrition and Feeding 
(WIANF)

Budapest, 
Hungary 

http://wianf.akcongress.com/index.php/
conference

25-26.10.2017 11th International Fresenius Confer-
ence “Contaminants and Residues 
in Food”

Atrium Hotel 
Mainz/Germany

https://www.akademie-fresenius.com/
events/detail/produkt/11th-interna-
tional-fresenius-conference-contami-
nants-and-residues-in-food/

29.10.2017 – 03.11.2017 IDF World Dairy Summit 2017 Belfast, United 
Kingdom

http://www.fil-idf.org/events/upcom-
ing-events/

07-10.11.2017 8th International Symposium on 
RECENT ADVANCES IN FOOD ANAL-
YSIS (RAFA),
Recent Advances in Food Analysis

Prague, Czech 
Republic

www.rafa2017.eu
http://www.rafa2017.eu/pdf/Flyer/FLY-
ER_RAFA_2017_02-01-2017.pdf

4-7.12.2017 International miCROPe Symposium 
2017
MICROBE-ASSISTED CROP 
PRODUCTION - OPPORTUNITIES, 
CHALLENGES & NEEDS

Vienna, Austria http://micrope.org/
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