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What are PAs

 PAs are a group of naturally occurring alkaloids based on the structure of pyrrolizidine 
in a wide variety of plants. 

– Over 660 PAs known.

– Approximately 6,000 plant species are known to contain PAs. 

– 95% of PAs are found in 5 plant families: Asteraceae (Compositae),  Boraginaceae , 
Fabaceae (Leguminosae),  Orchidaceae,  and Apocynaceae

– Most common plants are Heliotropium (heliotrope, in the family of Boraginaceae) and 
Crotalaria (rattlepods; in the family of Fabaceae).

Asteraceae Boraginaceae Fabaceae Orchidaceae Apocynaceae
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Common sources of PA contamination

 Cross-Contamination: incidental harvesting of PA-containing plants with the target 
food/botanical crop (e.g., green tea, chamomile, peppermint, hibiscus) due to poor 
collection practices 

 Carry-over from animals consuming PA-containing plants leading to contamination of  
animal derived products such as honey, pollen, cheese, whey.

Most herbs and teas do not naturally contain PAs, however PAs get into 
foods and supplements through: 
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Occurrence of PAs in food and supplements

Ma et al. , Food and Chemical Toxicology 119 (2018) 50–60
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Regulatory requirements on PAs in foods 
and supplements

In 2019, the European Commission proposed a new regulation 
setting maximum level for PAs in various foodstuff.

 Date of entry into force: July 1, 2020

 Date of application: July 1, 2022 

– Highly aggressive timeline given there is not an established validated method

Foodstuff Maximum level (mcg/kg)

Tea (Camellia sinensis) and flavored tea (Camellia 

sinensis)

150

Food supplements containing herbal ingredients 400

See Appendix I for the complete list
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Regulatory requirements on PAs continued

PAs under regulatory review

▪ EU lists 21 PAs with safety concerns 

➢ Intermedine/intermedine-N-oxide, lycopsamine/lycopsamine-N-oxide, 
senecionine/senecionine-N-oxide, senecivernine/senecivernine-N-oxide, 
seneci(o)phylline/seneciphylline-N-oxide, retrorsine/retrorsine-N-oxide, 
Echimidine/echimidine-N-oxide, lasiocarpine/lasiocarpine-N-oxide, Senkirkine, 
europine/europine-N-oxide, heliotrine/heliotrine-N-oxide. 

▪ Along with an additional 14 PAs that Co-elute

➢ Indicine, Echinatine/echinatine-N-oxide, Rinderine/rinderine-N-toxine, Indicine-N-oxide, 
Integerrimine/Integerrimine-N-oxide, Heliosupine/Heliosupine-N-oxide, 
Spartioidine/Spartioidine-N-oxide, Usaramine/Usaramine N-oxide 

▪ However not all PAs Have the same level of health risk!
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GACP, processing of botanicals and impact 
on PA levels
 Better GACP practices to specifically reduce/eliminate PA producing nuisance plants in 

crops before and during harvest is crucial to the mitigation of PA contamination in final 
products.

 Drying, grinding, extraction and concentration of extract do not significantly increase PA 
levels. 
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Next steps

 Work hand in hand with government agencies, trade associations, standard setting 
bodies and education institutes to provide a rational consensus as to how to address 
these issues

– Establish safe intake levels for PAs present in botanicals based off of toxicological 
approaches that include total daily exposure in all foods and supplements 

– Develop a validated analytical method that is not overly burdensome on the entire industry or 
commercial laboratories

• Including the availability of affordable analytical standards

– Expand existing GACP’s to specifically address PA containing nuisance plants to reduce 
potential contamination and educate throughout botanical product value chain (farmers, 
suppliers, distributors, product manufacturers, etc.)

What can we do!




