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Evaluation of olive oil quality 
by flavour analysis

How do you measure quality? 
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What is quality?

Nutrition

Flavour

• uns. fatty acids
• antioxidants
• polyphenols

• aroma
• taste

Authenticity

• origin (PDO)
• variety
• adulteration

• plasticizers
• PACs
• pesticides
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Olive oil aroma

Off-flavours Olive oil aroma

• fusty-muddy
• musty
• rancid
• winey-vinegary
• metallic

• greenly fruity
• ripely fruity
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Vacuum destillation

water 60 °C

60 °C

vacuum 10-3 Torr

cool trap (N2 liq.)

Guth, H. & Grosch, W. 3-Methylnonane-2,4-dione – An Intense Odour Compound 
Formed during Flavour Reversion of Soya-Bean Oil, Fett Wiss. Technol 91, 225–
230 (1989).
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GC-Olfactometry

make up gas (He)

Injector FID

Sniffing-Port

GC-Olfactometry
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Indicator compounds
Esters:
• Ethyl-isobutanoate
• Ethyl-2-methylbutanoate
• Ethyl-3-methylbutanoate
• 3-Methylbutylacetate
• Z-3-Hexenylacetate
• Methylsalicylate

Aldehyds:
• Hexanal
• Z-3-Hexenal
• E-2-Hexenal
• Nonanal
• E-2-Nonenal
• E,E-2,4-Decadienal

Alcohols:
• 3-Methylbutanol
• Z-3-Hexenol
• E-2-Hexenol
• Guaiacol
• 2-Phenylethanol

Carbonic acids:
• Acetic acid
• Butyric acid
• Hexanoic acid

Hydrocarbons:
6,10-Dimethyl-1-undecen

Triglycerids

Lipase

Linolsäure α-Linolensäure

9-LOOX 13-LOOX
9-LOOX

13-LOOX

Lipoxigenase

Hexanal

Hexanol

Hexylacetat

Alkoholdehydrogenase

Alkoholacyltranferase

Z-3-Hexenal

Hydroperoxidlyase

E-2-Hexenal Z-3-Hexenol

Z-3-HexenylacetatE-2-Hexenol

E-2-Hexenylacetat

Alkoholdehydrogenase

Alkoholacyltranferase

Lipoxigenase

Hydroperoxidlyase

Alkoholdehydrogenase

Alkoholdehydrogenase

Isomerase

Formation of aroma compounds 

Kalua, C. M. et al. Olive oil volatile compounds, flavour development and quality: A critical review, Food Chemistry 2007, 273–286.
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Isoleucine

Leucine

Strecker degradation

3-Methylbutanal 3-Methylbutanol

Reduction

3-Methylbutylacetate

2-Methylbutanal 2-Methylbutyric  acid

Strecker degradation Oxidation

O

O

Ethyl-2-methylbutanoate

Esterfication

Acetylation

Phenylalanine 2-Phenylacetaldehyd 2-Phenylethanol

Strecker degradation Reduction

Microbial spoilage

Garcia-Gonzalez, D. L. Morales, M. T. & Aparicio, R. in Handbook of fruit and vegetable flavors, edited by Y. H. Hui (Wiley, Hoboken, 2010).

Photooxygenation

Linoleic acid

13-Hydroperoxyoctadeca-9,11-dienoic acid 10-Hydroperoxyoctadeca-8,12-dienoic acid 9-Hydroperoxyoctadeca-10,12-dienoic acid

Hexanal E-2-Nonenal E,E-2,4-Decadienal

1O2

Belitz, H.-D. Grosch, W. & Schieberle, P. Lehrbuch der Lebensmittelchemie. Mit 634 Tabellen. 6th ed. (Springer, Berlin ;, Heidelberg, 2008).
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Quantification

• small sample size

• great spectrum of analytes

• fast

• easy

• reproducible results

Specifications for the quantification method

1,3 g olive oil 1‐2 µl standard 35 min at 50 °C 

Headspace Solid‐Phase Mikroextraction 
Stable‐Isotope Dilution Assay 

solid-phase: PDMS/DVB/Carboxen
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[2H]4- Hexanal

[2H]2-E-2-Hexenal

[2H]2-E,E-2,4-Decadienal[13C]2-Acetic acid

[2H]2-6,10-Dimethyl-1-undecen

[2H]4- Nonanal

[2H]2-E-2-Nonenal

[2H]2-Z-3-Hexenol

[2H]2-2-Phenylethanol

[2H]2-Z-3-Hexenylacetate

[2H]4- Hexanoic acid

Stable-Isotope labeled standards

[²H]3-Ethylisobutanoate [²H]3-Ethy-2-methylbutanoate [²H]3-Ethy-3-methylbutanoate [²H]2-3-Methylbutylacetate

[2H]2-Z-3-Hexenal [²H]2-3-Methylbutanol

[2H]2-E-2-Hexenol

[2H]2- Butyric acid

[2H]3-Guaiacol [2H]3-Methylsalicylate 
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2008 20102009

Samples

95 olive oils 

Results
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Analysis

Objectives of the multivariate data analysis 

•Data reduction
•Simplification
•Distinction between information and non-information 
•Selection of variables
•Finding outliers
•Classification or Regression
•Prediction

Kessler, W. Multivariate Datenanalyse. Für die Pharma-, Bio- und Prozessanalytik; ein Lehrbuch, Multivariate Datenanalyse (2007).

Principal components analysis 
(PCA)

Native extra
none Native extra
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Principal components analysis 
(PCA)

Σnative olive aroma

Hexanal

E-2-Nonenal
Hexansäure

E,E-2,4-Decadienal

2-Phenylethanol

Buttersäure 3-Methylbutanol
Guaiacol

Essigsäure

Ethyl-3-methylbutanoat Ethyliosbutanoat

Ethyl-2-methylbutanoat

3-Methylbutylacetat

Native olive aroma

Fat oxidation

Microbial spoilage

PLS-DA

0.99
0.95 0.99

0.95
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Native extra none Native extra

Native extra 54 10

none Native extra 9 22

Classification

PLS-DA

sensory

PLS-Regression

Crossvalidation
+0,5 -0,5
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Applications

• Receiving inspection tests

• Quality assurance

• Process optimization

Outlook

Pungency and Bitterness
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