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1. Introduction
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As part of the German Federal Ministry of Food and Agriculture, one of our

tasks is to evaluate genetic resources with special focus on those substances

related to health, flavour quality and possible use in bio-economy

support of breeding programmes by providing efficient analytical methods

for selection of Ăhigh quality single plantsñ

development of rapid methods for process and quality control purposes

(e.g. for food and pharmaceutical industry) 

Analytical Evaluation of Plant Genetic Resources 
and Breeding Material
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Applicationof VibrationalSpectroscopyTechniques
in Agriculture
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Techniques: NIRS, ATR-IRS, Raman, micro-IR and 
micro-Raman imaging, Hyperspectral-NIR imagingΧ
includingportable IR and Raman instruments

Plant protection: detectionof pesticides??
changesin plant metaboliteprofile after applicationof pesticides? 

Cultivation: predictionof optimal harvesttime, 
identificationof pestinfectionand nutritional state(e.g. P, N), 
influencesof droughtstress

Breeding: characterizationof wild species(biodiversity), 
efficientselectionof high-qualitysingleplants, high-throughput
methods



Lab Raman, 1064 nm

Lab NIR

Lab FT-IR / Imaging
(microscope)

mobile Raman,
1064 nm

mobile Raman, 532/1064 nm
or 785/1064 nm

mobile ATR FT-IR

mobile NIR

Infrared and Raman Instruments
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Rapid evaluationof substance-relatedbiodiversityof wild 
and culturedspecies(includingmetabolomeprofiling)

Special Advantages of Vibrational Spectroscopic 
Mapping and Imaging Techniques

Study of physiologicalprocessesƛƴ αlivingά Ǉƭŀƴǘ tissueon
the cellularlevel

Institute for Ecological Chemistry, Plant Analysis and Stored Product Protection

Valuableinformationsregardingprocessibilityof plant materials
(distributionof valuablecomponents, efficiencyof extraction
processesΧύ



2. GeneticResources /
Plant Breeding
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NIRS Calibration Development for Prediction 
of Fennel Essential Oil Content in Fruits
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Estragole-Type

Asarone -Type

Piperitenonoxide-Type

Anethole-Type,
sweetfennel

Anethole -Type,
bitter fennel51 % Estragole

26 % Fenchone

67 % g-Asarone
9 % Fenchone

47 % Limonene
29 % Piperitenonoxide

75 % t-Anethol 
8 % Fenchone

54 % t-Anethole
25 % Fenchone

Fennel(Foeniculum vulgare Mill.) ςEvaluation of 
chemotypes applying ATR-IR spectroscopy

Gudi et al., J Agr Food Chem 62, 2014, 3537-3547
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Discrimination of fennel chemotypes applying 
ATR-IR and Raman methods



Composition of essential fennel oil 
according to European Pharmacopeia:

Bitter fennel:
trans-Anethole up to ~ 60 % 
Fenchone up to 25 % 

Sweet fennel:
trans-Anethole  > 80 % 
Fenchone < 15 % 
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cv. Berfena
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Fenchone Anethole

Discrimination of sweet and bitter fennel fruits
applying ATR-IR-Spectroscopy
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Determination of Quality Parameters in Chamomile 
applying NIRS

Parameter Range R2 SECV Referencemethod

essential oil 

(mL/100 g)

0.04 ï0.94 0.97 0.07 hydro-distillation

bisabolol

(mL/100 g)

0.053 ï0.505 0.95 0.07 GC, isooctaneextract

matricin

(mg/g)

2.03 ï8.11 0.98 0.35 HPLC, dichloro-

methane/ methanol  

extract (1:2)

cis-spiroether

(mL/100 g)

0.213 ï0.763 0.99 0.03 GC, isooctaneextract
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GC-profile of 
chamomileoil:

45 % bisabolol
18 % chamazulene
14 % farnesene
9 % cis-spiroether

diodelaser(830 nm)

Nd:YAG-laser(1064 nm)

a-bisabolol
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FT-Raman Measurements of Chamomile Oil
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of thyme oil:

29 % p-cymene,
24 % thymol
19 % carvacrol

Nd:YAG-laser(1064 nm)

diodelaser(830 nm)

thymolcarvacrol

p-cymene

FT-Raman Measurements of Thyme Oil
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A: L. angustifolia
Linalyl acetate: 11.5 %
Linalool: 21.8 %
1,8-Cineole: 7.1 %
Camphor: 1.1 %

B:L. latifolia
Linalyl acetate 0.7 %
Linalool: 9.5 %
1,8-Cineole: 40.8 %
Camphor: 11.0 %

C:1,8-Cineole
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Discriminationof Lavandulaangustifoliaand  
L. latifolia applyingRaman Spectroscopy
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Quantification of Linalool and Linalyl acetate

in Lavender Oil applying ATR-IR Spectroscopy

Linalool: 30-35 %

Linalyl acetate: 30-40 %

cis-Ocimen: 5-9 %

trans-Ocimen: 3-5 %

Cineole: < 1%

Terpinene-4-ol: 3-4 %

Camphor: < 0.4 %

R2 = R99,78

R2 = 99,78

RMSECV = 0,56

RPD = 21.3
R2 = R99,78

R2 = 99,60

RMSECV = 0,53

RPD = 15,8

Institut für ökologische Chemie, Pflanzenanalytik und Vorratsschutz



Estragole Type

Linalool Type

MethylcinnamateType

Citral Type

Thymol Type

500100015002000

Wavenumber cm-1

Characterization of different Basil Chemotypes
applying ATR-IR
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Cluster Analysis of CloverSamples (MIR)
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Cluster Analysis of Clover Samples (NIRS)
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Resultsfrom NIRS clusteranalysis:

ĄMain influenceon metaboliteprofile iscausedby harvestyear
Ą onlysmallinfluenceof geneticbackground(different genotypesor cultivars)
Ąmechanicstress ŘƻŜǎƴΨǘhaveanysignificantinfluenceon metabolicprofile

All resultswereconfirmedby HPLC dataof isoflavoneand phenolacids

R2 = 0.91 RMSECV = 2.1
BIAS = -0.0524  RPD = 3.3
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Advantages

fast and non-targetedscreening
without to knowthe sample 
backgroundispossible

informationof metaboliteprofilesand 
externalinfluencesarereceived

Non-targetedAnalysis of RedCloverSamples by NIRS
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