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NMR Spectroscopy of complex mixtures 
Analysis of crude natural products and other materials 

• screening of plant or marine species extracts for new drug leads 

• identification of impurities in drugs or chemical products 

• identification of unknowns in environmental samples like groundwater, rivers, 
lakes, soil-extracts, or outlet of wastewater treatment plants 

• identification of biomarkers or drug metabolites in body fluids 

• screening of food & beverages like fruit juices, wine, milk, honey, edible oils, ... 

Some examples of applied NMR Screening 



Food Quality Control and Frauds 
 
Rapid detection tool needed 
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http://http/tv.people.com.cn/BIG5/n/2013/0617/c39805-21869319.html
http://http/tv.people.com.cn/BIG5/n/2013/0617/c39805-21869319.html
http://http/tv.people.com.cn/BIG5/n/2013/0617/c39805-21869319.html


4 

Features of 1H-NMR Profiling 

preparation and acquisition in 3 different labs (wine sample) 

• primary method for quantification 

no need to calibrate each compound 

• high reproducibility 

even inter-laboratory 

• non-targeted detection of all protons 

• 1H-NMR profile can be regarded as 

unique fingerprint of the sample 

• long-term build of reference 

databases possible 

• retrospective analysis possible 

also quantification of further compounds 

 

http://de.wikipedia.org/w/index.php?title=Datei:Fingerprint_picture.svg&filetimestamp=20091024171836


FoodScreener™ 
 - Full Automated Analyses - 

Quantification       Classifications    Non-Targeted Verifications 

• Detection of any deviations 

• Check for foreign fruit 

• Adulterations (Sugar/Syrup) 

• Quality Aspects 

• Authenticity Control 

• Geographical origin  

• Botanical Variety 

Quinic acid in apple juice 

concentration: 798 mg/L 

Arbutin in apple juice 

( pear) 

Origin of Orange Juice 

1,3-propanediol 
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Wine Report  Release 3.0 
 
Olive Oil will look similar 



Method Validation 
 - ISO 17025 Accreditation - 

• > 20.000 comparisons with reference methods 

• Continuous participation in international ring-tests 

• ISO 17025: flexible accreditation for 1H-NMR-based 

analyses on liquid food and food extracts 

• Determination of ingredients (quantification) 

• Measures for authenticity and quality control 

(statistical analysis, e.g. origin/variety) 

• Customers can use our validated methods for the 

integration in their ISO 17025 accreditation 
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Why using NMR for food quality control? 
NMR as an ideal tool for complex matrices 

NMR spectroscopy ...  

• gets along with easy sample preparation 

• is quantitative per se 

• is targted and untargeted simultaneously within a 
single experimental run 

• is reliable over a high dynamic range 

• delivers a multitude of information even in a single 
experiment 

• has excellent reproducibility 

• supports either full automation under standardized 
conditions, or tailored solutions - and almost 
everything in between 

• Allows retrospective analysis, as soon as new  

      models are developed or new quantification is ready 

• One quantification reference standard for all 
compounds 
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signal intensity 

1 

10'000 



Reproducibility in Wine NMR 

x 64 
x128 

1H NMR in white wine,  

400 MHz, 32 scans 

20 replicate preparations 

0 

Dynamic range 2*105 
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Experimental SOPs act like the Internet 
to connect spectrometers data output 

Experimental 

SOPs 

Addressing e.g. wine quality worldwide 

Note: Spectral Databases of food matrices like wine only 

Make full sense, if complete comparability is guaranteed 



1

1 

FoodScreener 400 MHz-Platform   :   

New Customers combine solutions, developed by 

Bruker BioSpin or in future external providers 

BBIO 

Dedicated NMR Platform 

FoodScreener 400 MHz 

ISO 9001 

ISO 17025 

  

JuiceScreening 

Module 

  

Customer 1 

Refreshment 

Drinks 

WineScreening 

Module 

  

HoneyScreening 

Module tbd 

 . 

Bruker 

Standardized 

Platform 

Food 

ISO 17025 

ISO 9001   

Company 2 

Vodka 

Company 3 

Tbd. 

External 

Providers 

  

Solutins on 

BBIO Basic 

Platform 

B1 

C1 C2 

 

B4 B3 B2 

C3 

 

Example:  B1+B3+C1  or  B2+B4+C1+C3  ….. 

 

• Iso17025 achieved   05/2015 

      

Optionally 

Expandable to 

SNIF-NMR 
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Two NMR screening approaches 
Metabolic Profiling and Fingerprinting 

Metabolic Profiling 

• targeted 

• combinable with LC-(SPE)-MS 

identification & quantification 

Metabolic Fingerprinting 

• non-targeted 

• use of statistics 

classification & discrimination 
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Food adulteration 
Need for reliable analytics 

On the other hand, most analytical methods 

• may be limited in range, sensitivity or reproducibility 

• can be levered out by "elaborated" frauds 

• are targeted 

• are too expensive to be practized on a grand scale 

All the worse - like in other crimes - adulterators always have some lead! 

Thus, adulteration of foodstuff is continuing ... 

W W Norton & Co (2011) 

Food fraud hints can find expression in single compounds 

within the complex mixture, or can be entangled in subtle 

matrix effects. 

(Cost-)Effective analytical methods have to deal with both 
tasks simultaneously, and NMR screening can do the job 
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Motivation for edible oil screening 
The global olive oil market situation 

• Global olive oil market is dominated by growing price competition 

• Product differentiation based on high quality standards and geographical origin is a 
highly promising concept to counteract 

"The EU PDO/PGI regulation (Regulation 510/2006 and its predecessor 

Regulation 2081/92) provides EU-wide protection to names of  agricultural 

products and foodstuffs that have a close link to their geographic region of 

production. Such products must be produced in a specified territory and 

according to a certain production specification." 

cited from a report on "Evaluation of the CAP policy on protected designations of origin (PDO) 
and protected geographical indications (PGI), London Economics, 11-2008 
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Differentiation of edible oil types 
Early state overview 

PC1 

PC2 

PC3 

palm oil 

sunflower oil 

safflower oil 

pumpkin seed oil 

olive oil Greece 
olive oil Italy 

first feasibility study with yet too few samples, 

nevertheless marked differentiation of oil types 
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The Lipid Profile in Olive Oil 
Triglycerid esters 

e 

a 
b 

c g f 
d 

h 

CH2—CH2—(CH2)4—CH2—CH=CH—CH2—(CH2)6—CH3 

a 

b 

c d e a f g f g e h 
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Optimizing access to minor compounds 
Avoiding loss of diagnostically relevant signals 

1H-spectrum with 
multiple suppression 

1H-spectrum with 
multiple suppression 
plus 13C-decoupling 

! 
! 

normal 1H-spectrum 
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Quantitation of minor compounds 
A comparison of the three approaches  

CH3-group signal 

signal region affected 
by suppression 

13C-satellites broad signal 

baseline 
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Edible Oil Spectra 
Effect of optimizing dynamic range 
 

 

 

Multiple 
Lipid signal 
Suppression 
using  
shaped pulses 

 
Without Lipid 
Signal 
Suppression 

 
 
 
 
Lipid signals 
suppressed 

How to see much more than the tip of the iceberg with NMR 
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Edible oil sample preparation 
Standardized Operation Procedure 

Prerequisite 

Use an SOP which allows to generate and compare all types of (edible) oil models 

same solvent, same oil concentration (and be aware of volatile solvents 
evaporating from unfused tubes in sample changer queues ...) 

melt-seal tubes or not ? 
 

make sure solvent won't 
evaporate, but sealing may 

influence (volatile) oil 
components 

CDCl3 

oil 

vortex  
for 20 sec 

600 l 
for NMR 
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Edible oil sample preparation 
Effect of melt sealing sample tubes 
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Geographical origin of olive oils 
Italy versus Greek Islands 

Dauno 

Terra di Bari 

Terra Terantina & 
Ortranto Korfu 

Lefkada 

Cefalonia 

Zacinto 

 70 km 
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NMR screening of Greek olive oils 
Overview of the authentic samples' origins 

• Euboea 

• Lamia 

• Amfissa 

• Peloponnese 

• Lakonia 

• Messinia 

• Aigialeia 

• Kynouria 

• Chalkidiki 

• Crete 

• Lesbos 

• Ionian Islands 

E 

J 

I 

H 

G 

F 

L 

K 

A 

B 

C 

D 

• only groups with >10 samples 
taken for statistics 

• some closely neighbored 
regions combined to groups 

"Central" 

"Peloponnese" 
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NMR screening of Greek olive oils 
Differentiation of geographical origin 

based on 1H-NMR spectra of 249 Greek olive oils 

Oil profiles of Euboea and Ionian Islands samples similar to that of Peloponnese samples 

despite the small number of samples, 
group assignment is significantly 
away from being random 
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NMR screening of Greek olive oils 
Classification by harvesting year 

based on 1H-NMR spectra* of 278 Greek olive oils 

* all with multiple signal suppression plus 13C-decoupling 



Differentiation of Spanish/Greek Olive Oil 
Without suppression of lipid signals 

Using lipid region 



Differentiation Spanish/Greek Olive Oil 
With suppression of all large lipid lines 

Exclusion of lipid region 



Olive Oil: differentiation Spain/Greece 
Combined: without/with suppression 

Combined model means using Lipid section from unsuppressed spectra and 
Other regions from suppressed spectra 



Variety differentiation Spanish Olive Oil 



Region differentiation in Spain on Olive Oil 
Andalucia/Toledo 



Free Acidity of Olive Oil 
by Regression Analysis, first results 



Regression analysis first results 
Quantification of Palmitic and  
Palmitoleic Acid 



Regression analysis by NMR, first results 
Quantification of Oleic Acid 
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High-density lipoproteins (HDL) act as cholesterol scavengers and are involved in the reverse transport of 
cholesterol in the body (from peripheral tissues back to the liver). Conversely, low-density lipoproteins (LDL) 
carry cholesterol from the liver to peripheral tissues, including the arteries. 
The Panel considers that maintenance of normal HDL-cholesterol concentrations (without increasing LDL-
cholesterol concentrations) is a beneficial physiological effect. 
 
Definition health claim:  can be used if 50 mg/kg sum polyphenols is achieved or overcome.  

Health Claim Olive Oil 
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The Polyphenol Pattern 
Example - Oleocanthal vs. Oleuropein  

Several quality criteria for EVOO - one is the 
ratio oleocanthal - oleuropein 

oleocanthal 

oleuropein 

Oleocanthal is assumed to have 
potential as a therapeutic agent 
 
Oleuropein causes the olive oils' 
bitterness 



Oleocanthal – direct quantification 

Spiking of oleocanthal 

also in progress: 
tyrosol 
hydroxytyrosol 
oleacein 



Regression analysis by NMR, first results 
Total Polyphenols 



IVDr Lipoprotein Subclass Analysis  
B.I.-LISATM  out of plasma/serum 
Extracts from automatic reports 

Healthy Person 
compliant to  
concentration 
distribution in 
model in all 
fractions 

Person having 
a stroke shortly 
after blood 
collection, most 
fractions out of 
model ranges 
 
LDL-Cholesterol 
in model, but 
subfractions out! 
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1H NMR analysis of edible oils 
Extra virgin olive oil (EVOO), sunflower oil, and mixes 
 

400/80 MHz comparison of a selected signal 

pure sunflower oil #1 (discounter brand) 

pure sunflower oil #2 (Bio quality) 

pure extra virgin olive oil 

EVOO 50% + sunfl-oil #1 50% 

EVOO 50% + sunfl-oil #2 50% 

EVOO 75% + sunfl-oil #1 25% 

EVOO 75% + sunfl-oil #1 25% 

x 4 

pure extra virgin olive oil 
pure sunflower oil #1 (discounter brand) 
pure sunflower oil #2 (Bio quality) 
EVOO 50% + sunfl-oil #1 50% 
EVOO 50% + sunfl-oil #2 50% 
EVOO 75% + sunfl-oil #1 25% 
EVOO 75% + sunfl-oil #2 25% 
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Linoleicacid 
Oleicacid 
Sat.fatty acids s,n-1(3) 

   EPA 
SDA 

Linoleicacid 
Oleicacid 
Sat.fatty acids s,n-2 

DHA 

13C-NMR Screening on olive oil 
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Conclusions 

• It  could be shown, that 1H-NMR screening of olive oils opens a large number 
    Of parameters, that cannot be obtained conventionally in one measurement 

 
• Targeted Analysis offers 2 possibilities, direct quantification and regression analysis 

 
• Untargeted Analysis shows large promise for 

• Variety differentiation 
• Geographical Origin (country and subregions) 
• Vintage 

 
• With this a tool, checks on quality and authenticity is becoming available 

 
• Next action is to check on differentiation of grades of olive oil  VOO, EVOO, … 
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