
Walloon Agricultural Research Centre  

Agricultural Product Valorisation Department , Henseval Building, Chaussée de Namur 24, B-5030  GEMBLOUX (BELGIUM)  

Phone: +32 (0) 81 62 03 74 - Fax : +32 (0) 81 62 03 88 

www.cra.wallonie.be 

 

NIR applications for emerging 

vegetal contaminants 
  
 

 

 
 

Dr Juan Antonio Fernández Pierna 

Dr Pascal Veys 

Philippe Vermeulen 

Dr Vincent Baeten 

Dr Pierre Dardenne 

 

NIR platform – Gembloux - 27 March 2013 



Source: University of California Agriculture and Natural Resources, Publication 8398, January 2011 

Introduction 

A successful livestock operator must 

know which poisonous plants occur 

on a given range or pasture and how 

they can be controlled or avoided. 

Poisonous plants cause significant losses of livestock 

every year. 

 



The direct digestive process is the 

most frequent method by which 

toxins affect animals negatively.  

However, an additional problem is 

the tendency of certain toxins to 

reduce the digestibility of other 

forages eaten with the toxic plant, 

resulting in reduced nutritional value 

for the animal. 

Introduction 

The general toxicity of a plant is directly 

related to the toxin or toxins it contains, the 

organ or system it affects, and species of 

animal which ingests it.  

 



Introduction 

 

http://www.apsnet.org/media/press/archive/ergot.asp
http://www.ncbi.nlm.nih.gov/pubmed/3946070
http://www.encyclopedia.com/doc/1P3-1292707341.html


Introduction 

 Secondary plant metabolites 

 

1) Alkaloids : e.g. ergotamine 2) Pyrrolizidin alkaloids : e.g.senecionine 

 

 

 

 

 

 

 

 

 

Ergot (Claviceps 

purpurea) in crop 

production 

Tansy ragwort 

(Senecio jacobaea) 

in hay 

• Contamination of food – feed production 

• Frequent 

• High toxicity for humans – livestock 

Detection methods : analytical chemistry 

 (HPLC, GC-MS, NMR, ELISA, TLC...) 

//upload.wikimedia.org/wikipedia/commons/7/7f/Ergotamine-skeletal.svg
http://en.wikipedia.org/wiki/File:Senecionine2.svg


• The existing microscopy method* provides an elegant 

early warning tool for ergot contamination but is time-

consuming 

* IAG method 

Status of screening methods  

http://www.iag-micro.org/files/iag-a4_ergot.pdf


Status of screening methods  

Light microscopy, some disadvantages 

• Time 

• At lab only 

• Human skills 

• Sample 

• Hidden morphological features 

 



Spectroscopy 
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Process control 

Need of rapid methods 



Near infrared 

spectroscopy 

Raman and 

mid-infrared 

spectroscopy 

Vibrational Spectroscopy 



Hyperspectral 

Imaging 

Vibrational Spectroscopy 



Ergot detection 

NIR Hyperspectral Imaging 

PCA discrimination ergot bodies – wheat – barley kernels 
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Ergot bodies

Wheat kernels

Barley kernels

Wheat and barley 

Ergot bodies 



Ergot detection 

 



Ergot detection 

Light microscopy NIR hyperspectral imaging 

High skilled personal Low skilled personal 

45 min / 250g Few minutes / 250 g 

Reduced samples Large samples (sampling 

more representative) 

Dedicated to ergot Multiple contaminants 



Senecio sp. detection  

• The existing microscopy method* provides an elegant 

early warning tool for Senecio sp. contamination but is 

difficult, based strictly on morphological features…  

* IAG method 

• Senecio jacobaea 

• Senecio vulgaris 

• Senecio fuschii 

• Hypericum perforatum 

• Tanacetum vulgare 

 



Senecio sp. detection  

• Major concern is Tansy ragwort (S. jacobaea) 

• Common Groundsel (S. vulgaris) 

• S. fuschii 

• St Johns’ wort (Hypericum perforatum) 

• Tansy (Tanacetum vulgare)  

 

PAs 

PAs 

hypericin 

thujone 

(from Wikipedia, 2012) 

Livestock (horses, cattle) 

//upload.wikimedia.org/wikipedia/commons/b/bd/Illustration_Senecio_jacobaea.jpg
//upload.wikimedia.org/wikipedia/commons/1/14/Illustration_Senecio_vulgaris0.png


....but toxicity affects also humans 

Senecio sp. detection  

(from Wiedenfeld, 2011) 

Germany, august 2009 



Light microscopy, some disadvantages 

 

Morphological features not always visible ! 

 Dried material 

 Clearing of material 

 Small fragment are missing features 

 Markers destroyed in silage ! 

  

Senecio sp. detection  
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Hay

Senecio jacobaea stalk

Senecio jacobaea leaf

Senecio jacobaea inflorescence

Principal Component Analysis (PCA)  

S. jacobaea vs Hay 

Senecio sp. detection  

stem 



Senecio sp. detection 

• Discriminant equation (mathematical model) 

% of pixels 



What about other species ? 

Hypericum vs Hay 
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S. jacobaea vs Hypericum 

Hyp. stem 

Hyp. leaf 

stem 

What about other species ? 



Conclusions 

NIR hyperspectral imaging allows 

 

• Automatic detection  (time, large samples) 

• Disclosure independent from morphological markers 

• Non destructive  other analytical methods 

• Possibility for species detection  

 

Proposes valuable alternatives for screening (industry) of 

 Ergot 

 Plant contaminants (at large)  

 



Conclusions 

Plant contaminants (at large)  

 

 NIR hyperspectral imaging shows 

  

• Promising first experiments 

• Spectral differences according to organs  

   Chemical accumulation of PA / secondary plant metabolite ? 

• Tuning of model 

 

Experiments on other PAs containing species 

Crotalaria spp., Lolium sp.,  

…Boraginaceae, Asteraceae, Fabaceae ! 
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