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Natural toxins - a continuous concern

Occurrence of natural toxins often
follow the Black Swan Theory

An event that is a surprise, has a major effect and after 
the fact, is often inappropriately rationalized with the 
benefit of hindsight

* As introduced by Mr. Nassim Nicholas Taleb

As presented by Dr. D. Miller at WMFmeetsIUPAC 2012
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Natural toxins - a continuous concern

Black Swan Theory – Food Safety

…as if it could have been expected

…relevant data were available but unaccounted for in risk 
mitigation

...the same for the personal perception (it has never 
happened before…)

* As presented by Dr. D. Miller at WMFmeetsIUPAC 2012

Risk assessment in food industry often deals with Black 
Swan events:
- Incidents
- Are/were relevant data available
- Human factor (not to my knowledge..)

HACCP team must look beyond boundaries e.g. the origin 
of the product is not only criterium, a history of a 5 year 
period

Natural toxins - a continuous concern
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Natural toxins of concern

1. Mycotoxins (Fungi)

2. Plant toxins (Plants)

3. Phycotoxins (Algae)

Mycotoxins - a continuous concern
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hepatotoxic

immunotoxic

nephrotoxic

neurotoxic

oestrogenic

teratogenic

OTA PAT FUM ZEATCTAFL

carcinogenic

Mycotoxins

AFL=aflatoxin; OTA= ochratoxin A; PAT = patulin; FUM = fumonisin;
TCT = trichothecenes; ZEA = Zearalenone Courtesy of Dr. Pittet

Mycotoxins – EU Legislation in food

Commission Regulation (EC) No 
1881/2006 (and its amendments): 
Setting maximum levels for certain 
contaminants in food

 Commission Decision (EC) No 401/2006 (and its 
amendments): Laying down the methods of 
sampling and analysis for the official control of 
the levels of mycotoxins in food
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 Quick information-exchange in the EU on risks to human 
health;

 MS can identify potential problems and take measures;
 2011: 635 mycotoxin issues including 514 border 

rejections

Regulations - EU Rapid alert system for food & feed

https://webgate.ec.europa.eu/
rasff-window/portal/

994: Holy fire lysergic acid deriv. 
C. purpurea

2011: Ergots in cereals;  EFSA opinion in 2012
Regulatory limits on groups of toxins (in addition to ergot sclerotia)

1568: Pieter Brueghel The Cripples
‘Holy fire’ by ergot alkaloids in rye

(gangrene followed by necrosis / hallucinations)

Mycotoxins - a continuous concern
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Mycotoxins – incidents

Enforcement at EU border 
diminishes incidents

Climate changes
Aflatoxin in Italian maize at harvest

Mycotoxins – incidents

Handicraft production / locally sourced food (locatarians):
 Knowledge on contamination routes:
● New cultivars, susceptible cultivars;
● Storage of harvested product
● Origin of raw materials

 Patulin in handicraft produced apple juice (2009): 
18 of 42 samples > EU regulatory limit 50 µg/l (adult)

(Gillard et al (2009) WMJ (1) 95-104)
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Natural toxins of concern

1. Mycotoxins (Fungi)

2. Plant toxins (Plants)

3. Phycotoxins (Algae)

Plant toxins
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Hundreds of plant toxins known

Mostly mentioned:
 PA’s: pyrrolizidinealkaloids;
 TA’s: tropanealkaloids;
 Aromatic compounds: essential oils; 

alkenylbenzenes (estragol; methyleugenol; 
safrol) (herbs);

 Lectins (legumes);
 Furanocoumarins (cruciferous plants);
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Plant toxins

Food: 37/2010 Aristolochia spp. (table 2 banned substances, veter. drugs. AO) ;
396/2005 nicotine, pyrethrins, rotenone, azachdirachtin (MRL pesticides);

Feed: 2002/32 hydrocyanic acid, gossypol, theobromine, allyl-ITC (glucosinolates);
Botanical imp.: weed seeds/fruits met alkaloiden, glucosides, other toxic subst. 

2001 kruidenbesluit warenwet (= food) Update will be presented soon
- Aristolochic acid must be absent;
- Pyrrolizidinealkaloids < 1 μg/kg;
- List of plants that are not allowed to be used.

Feed: Pyrrolizidinealkaloids, tropanealkaloids, glucosinolates, opium alkaloids, …
General: safety of botanicals
EFSA compendia botanicals

Codex works on PAs
Increased attention/risks:
Climate changes => habitat/presence of weeds
Quality control of ingredients (gap)
Use of herbal preparations to replace antibiotics in feed

Other 

Plant toxins – legislation
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2008 Afghanistan: wheat flour 
contaminated and carry-over to goat milk; 
270 persons ill, 50 fatalities due to acute liver 
lailure;
Cause: Heliotropium popovii H. Riedl subsp. 
gillianum in wheat flour.

Plant toxins-Incidents

Plant toxins-Incidents

1990-1991 Belgium: kidney damage in 
>100 women (transplantations, cancer)
Cause: Aristolochic acid from Aristolochia spp
as ingredient in herbal preparations and TCM 
for slimming

Aristolochia Clematis
(birthwort; pijpbloem)

2001 Netherlands: >60 cases of poisoning (epileptic seizures)
Cause: anisatine from ingredient of herbal tea with Japanese 
star anise instead of Chinese.
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2006 en 2009 Germany: 
Weed (Senecio vulgaris) in rocket salad <2.5 mg/kg PAs
Issue: pyrrolizidine alkaloids, liver toxicity
 feed: roughage
 food: honey, herbs preparations/TCM

Plant toxins-Incidents

Plant toxins-Incidents

2010 Netherlands: Alfalfa contaminated with PA producing 
Common groundsel (Senecio vulgaris) 
• alfalfa grown in areas near the sea
• Used as feed (pellets) for cattle and horses

2010 Toxicity for cows still unknown
Carry-over of certain PAs to milk is proven
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Plant toxins-Incidents

2013 Netherlands: 3 persons hospitalised with severe 
intoxications after consumption of marshmallow root tea. 
(a remedy for bile and airway cleaning). However, the tea 
was made of deadly nightshade, containing atropine.
Cause: accidental exchange of dried Marshmallow root 
(Althaea officinalis) for dried deadly nightshade root 
(Atropa belladonna RASFF 2013.0079)

Natural toxins of concern

1. Mycotoxins (Fungi)

2. Plant toxins (Plants)

3. Phycotoxins (Algae)
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Phycotoxins

Toxins from algae that accumulate in (shell-)fish

Phycotoxins: “Red tides” 
Explosive growth of algae
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 Paralytic shellfish poisoning-toxins (PSP)
 Diarrhoeic shellfish poisoning-toxins (DSP)
 Amnesic shellfish poisoning-toxins (ASP)
 Azaspiracids (AZA)
 Emerging: palytoxins, brevetoxins, cyclic imines
 Ciguatera toxins

Phycotoxins

Phycotoxins

 Several phycotoxin groups EU-regulated
 EFSA: most EU-limits not sufficiently protective; (official) 

rodent assays inferior
 MBA and RBA for lipophilic toxins will disappear
 Interesting chemical alternatives to MBA e.g. LC-MS/MS 

explored and validated 
 Need for screening methods and (C)RMs

EU regulation using of LC-MS/MS method*

*Gerssen et al. (2010) In-house validation of a liquid chromatography 
tandem mass spectrometry method for the analysis of lipophilic marine
toxins in shellfish using matrix-matched calibration
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Phycotoxins - Incidents

2012 The Netherlands, 
(August): A dinoflagellate
polluted a Netherlands creek 
with phycotoxins. An 
infection of this size was 
unknown to the Netherlands 
before.
No human intoxications are 
known from this incident.

Phycotoxins - Incidents

2012 The Netherlands, 
October 31: Infected mussels 
cause a massive outbreak of 
shellfish poisoning among 
residents of a retirement home. 
100 people fell ill with severe 
gastro-intestinal problems. 
Various fishing areas have been 
closed and are still closed.
Suspected cause: import of 
infected mussels



4‐11‐2013

16

Natural toxins of concern

Discussion

Natural toxins – Changing world

Consumers demands:

 healthy ingredients e.g. oats:

• (re-) introduction of the crop in new areas 

• risks of introduction of toxinogenic fungi

 highly nutritious proteins but no GMO-soy:

• More legumes e.g. lupin:

• risks for phomopsin A 

• presence of toxic levels of alkaloids.

 use of herbal preparations, herbal teas and TCM:

• mix-up causing severe injuries and even deaths 

• unexpected toxic doses 

• specific use by vulnerable groups  
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Natural toxins – Changing world

Life cycle:
 The use of crops for biofuel 

production and the treatment of 
biofuel raw materials is a challenge 
for the whole agrichain and needs to 
be monitored closely

 New in food and feed production in 
EU is the use of algae for food and 
feed. This holds the risks for 
phycotoxins. 

Natural toxins – Conclusions (1/2)

 all these societal trends share the danger of introducing 
risks formerly unknown to the raw material or to the 
area. 

 what is OK when grown or consumed in one area may be 
contaminated or overdosed in another area or be 
contaminated with emerging natural toxins. 
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Natural toxins – Conclusions (2/2)

 This forces food safety officers to always be aware of 
risks of natural toxins in food
 Challenge: incorporate the risk assessment for natural 

toxins for every link and change in the agrichain
 Use smart and reliable monitoring and work closely with 

governments, scientists, plant breeders and food 
suppliers
 Moreover, emerging risks should be detected by using an 

ERDSS that uses information from inside and outside the 
food production chain to identify emerging food safety 
risks

More information on Natural toxins?

Phycotoxins: Arjen.gerssen@wur.nl

Mycotoxins and Plant toxins: Monique.denijs@wur.nl

Program manager Natural toxins: Hans.mol@wur.nl

www.wur.rikilt.nl


