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Evaluation of olive oil quality

by flavour analysis
How do you measure quality?

What is quality?

Nutrition Authenticity

uns. fatty acids =«  origin (PDO)
antioxidants * variety

polyphenols e adulteration

Contaminants Flavour

plasticizers + aroma
PACs + taste
pesticides
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I Olive oil aroma

I Vacuum destillation

vacuum 103 Torr :hrc‘*—-,',

cool trap (N, lig.)

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

Sniffing-Port
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Indicator compounds

Esters: Alcohols:

* Ethyl-isobutanoate + 3-Methylbutanol
* Ethyl-2-methylbutanoate « Z-3-Hexenol

* Ethyl-3-methylbutanoate « E-2-Hexenol

+ 3-Methylbutylacetate « Guaiacol

* Z-3-Hexenylacetate + 2-Phenylethanol

» Methylsalicylate

Carbonic acids:

Aldehyds: * Acetic acid

* Hexanal * Butyric acid

« Z-3-Hexenal * Hexanoic acid
» E-2-Hexenal

* Nonanal

« E-2-Nonenal Hydrocarbons:

« E E-2.4-Decadienal 6,10-Dimethyl-1-undecen

Formation of aroma compounds

Triglycerids
l Lipase
Linolsaure o-Linolenséaure
900X  13-LOOX S-LOOX" 131 00x
/Hydroperoxidlyase ; Hydroperoxidlyase
Z-3-Hexenal
Hexanal
Alkoholdehydrogenase l IsomeraWkoholdehydrogenase
Hexanol
E-2-Hexenal Z-3-Hexenol
Alkoholacyltranferase
Alkoholdehydrogenase Alkoholacyltranferase
Hexylacetat E-2-Hexenol Z-3-Hexenylacetat
Alkoholdehydrogenase l
E-2-Hexenylacetat
Kalua, C. M. et al. Olive oil volatile compounds, flavour development and quality: A critical review, Food Chemistry 2007, 273-286.

12.04.2011



Microbial spoilage

OH o
o on "‘ )]\
Strecker degradation ; ; o
lrecker degradation Reduction Acetylation 5\
HN'

Leucine 3-Methylbutanal 3-Methylbutanol 3-Methylbutylacetate
o oH o N
o
‘ OH o
HN Strecker degradation Oxidation o)\( Esterfication
—_— e —_—
Isoleucine 2-Methylbutanal 2-Methylbutyric acid Ethyl-2-methylbutanoate
N OH
©/Z Strecker degradation O/\/O Reduction ©/\/
o OH
2-Phenylacetaldehyd 2-Phenylethanol

Phenylalanine

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

/\_/\:/\:/\/\/\/\f°

Linoleic acid

|0,

| J |

oon on

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

| | |
| | |

o

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

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

Specifications for the quantification method

* small sample size

great spectrum of analytes
fast

* easy

reproducible results

Headspace Solid-Phase Mikroextraction
Stable-Isotope Dilution Assay

[/

(S

—>o

1,3 g olive oil 1-2 l standard 35 min at 50 °C

solid-phase: PDMS/DVB/Carboxen
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Stable-Isotope labeled standards

[ I I R xT
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~! s T T,
[ HyC \}/bo
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o o
o 0 Yy
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CHy
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o o o on [
H:‘!chc/\/ HSCWO /K(go chWo
oH
o o
o
[13C],-Acetic acid [2H] -E-2-Nonenal [2H],- Butyric acid [2H],-E,E-2,4-Decadienal
BN
on
oo, o
b D © - " D
[2H],~ Hexanoic acid [2H]5-Guaiacol [2H]5;-Methylsalicylate [2H],-2-Phenylethanol
R

Quantification

RT: 9.20
3 MA: 4045222 E-2-Hexenol
5
3
.§ OH 6
NN =
< m/z=83 y=1.2501x +0.1091
2 o ° R*=0.999
3 407 @
o - 1l
N 4
894895 903 914 927 929 9.40 £
27 9. o,
w
=
o
4 ® 2
120 RT: 9.21 E
E MA: 16237600 £
1009 ]
| D (TR
80 P on 0+ .
] m/z=85 0 1
D
20
18.88 896 9.03 9.14. 9.28 9.34 938 ¢
N
8.9 9.0 9.1 9.2 9.3 9.4
Time (min)




Samples

95 olive oils
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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. Fiir die Pharma-, Bio- und Prozessanalytik; ein Lehrbuch, Multivariate Datenanalyse (2007).

Principal components analysis
(PCA)
Scores
41 @ none Native extra ° .
3 | M Native extra
2 o .: "o ‘
%‘?1 . "N -
50 u = |:| r' “l ¢ -' :' : *
8'1 ] i . Lo ;: * o.
2] g . . o
3 . "
-4 — T — T
5 4 3 2 4 0 1 2
PC-1(35%)
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(PCA)
Losdinos Fat oxidation
0.6 -
0.5
0.4 4 « E-2-Nonenal
" « Hexansaure
0.3 4 E,E-2,4-Decadienal
g 0.2 4 . .
= 1 Native olive aroma
R 0.1 4 )
o Znative olive aroma 2-Phenyleth
i 7
0.1 4 -Butte.arséure 3-Methylbutanol
Ethyl-3-methylbutanoat Gua.lacol «Ethyliosbutanoal
0.2 Essigs.éure 5 * Ethyl-2-methylbutang
03 - - - S
-04 0.3 0.2 -0.1 0 0.1 : I 04
PC-1 (35%) . . .
Microbial spoilage

PLS-DA

........................... Predicted vs. Reference |

1 4 GRS I < N

Predicted Y (C1, Factor-4)
(<]

J
N

Reference Y (C1, Factor-4)
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Classification

PLS-DA _ ,
Native extra none Native extra
sensory
Native extra 54 10
none Native extra 9 22

PLS-Regression

Crossvalidation
Predicted vs. Reference

Elements: 47

Slope: 0.6773663
Offset: 1.2741178
T Correlation: 0.8138642
R-Square: 0.69101
RMSEP: 0.4162562
4 SEP: 0.4207639
Bias: 0.0014312
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Reference Y (nasal, Factor-2)
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Applications

* Receiving inspection tests
« Quality assurance

* Process optimization

Outlook
RS yod

Pungency and Bitterness

O‘

H
o
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