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Presenter Notes
Presentation Notes
Did you know that food frauds affect 10 % of the global food supply?


40 % of people have
confidence that the food
products they buy are

generally authentic.

EU TrustTracker® study (2020)
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And based on a study from 2020, only 40% of people have confidence that the food products they buy are generally authentic.
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Do we really get what we pay for‘?
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So how sure are you that you get what you pay for?


o Adulteration of natural flavours

e Mislabeling of the country of origin
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Presentation Notes
Today I will give you an insight into two fraudulent acts, the adulteration of natural flavours with cheaper synthetic counterparts and the mislabelling of the country of origin of food crops.


Regulation (EC) No 1334/2008

Flavouring Natural flavouring Flavouring
preparations substances substances

Vanillin Gualacol Vanillin
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Presentation Notes
According to EU Regulation, flavourings consist of the following categories: flavouring preparations, natural flavouring substances, and flavouring substances. Only the first two can be labelled as natural. 


Regulation (EC) No 1334/2008

Flavouring Natural flavouring Flavouring
preparations substances substances

Gualacol

Vanillin Vanillin

“Natural”


Presenter Notes
Presentation Notes
According to EU Regulation, flavourings consist of the following categories: flavouring preparations, natural flavouring substances, and flavouring substances. Only the first two can be labelled as natural. 


Regulation (EC) No 1334/2008

Flavouring Natural flavouring Flavouring
preparations substances substances

Gualacol Vanillin

—~
“Natural” “Synthetic”
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According to EU Regulation, flavourings consist of the following categories: flavouring preparations, natural flavouring substances, and flavouring substances. Only the first two can be labelled as natural. 
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From a food manufacturer's perspective, these two compounds are the same, with the same chemical characteristics. 
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The difference between a natural flavour and synthetic analogues often comes down to cost. 


Fraud risk:

Synthetic flavours
are sold as natural!
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Therefore there is a high risk that synthetic flavours are sold as natural.


Authenticity of Food
Flavourings
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In our research, we selected three different case studies.
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In the first one, we selected fruit flavourings, especially apple and strawberry. Here the price of natural flavours is factor 10 higher than synthetic ones.



M Fruit flavourings

.
»

Price of natural is factor of
10 (or more) higher than the
price of synthetic analogues.
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In the first one, we selected fruit flavourings, especially apple and strawberry. Here the price of natural flavours is factor 10 higher than synthetic ones.
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Presentation Notes
The second study focused on vanillin, the most known aroma compound in the most demanded vanilla flavouring. However, less than 1% of vanillin comes from vanilla orchids, with a price of 600 $/kg. While on the other hand, chemically synthesised vanillin is much cheaper.




Presenter Notes
Presentation Notes
The second study focused on vanillin, the most known aroma compound in the most demanded vanilla flavouring. However, less than 1% of vanillin comes from vanilla orchids, with a price of 600 $/kg. While on the other hand, chemically synthesised vanillin is much cheaper.


® (1 %) Natural: 120-600 € per kg
R (99 %) Synthetic: 10-20 € per kg


Presenter Notes
Presentation Notes
The second study focused on vanillin, the most known aroma compound in the most demanded vanilla flavouring. However, less than 1% of vanillin comes from vanilla orchids, with a price of 600 $/kg. While on the other hand, chemically synthesised vanillin is much cheaper.


Truffles
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Presentation Notes
In the third study we select truffles, one of the super expensive food. Where the price for one of the most desired species T.magnatum, can reach 6000 €/kg.


Truffles

Tuber magnatum
3700-6000 €/ kg

Tuber melanosporum
880-1200 € / kg

Tuber aestivum
120-220 € / kg
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In the third study we select truffles, one of the super expensive food. Where the price for one of the most desired species T.magnatum, can reach 6000 €/kg.


Geographical Origin of
Fruits and Vegetables
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Regarding the geographical origin of fruits and vegetables.




Presenter Notes
Presentation Notes
We select asparagus, garlic, strawberries, cherries, apples and kaki samples to verify their declared Slovenian origin. The study focuses on selected crops because of their economic and regional relevance in Slovenia.
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Presentation Notes
We select asparagus, garlic, strawberries, cherries, apples and kaki samples to verify their declared Slovenian origin. The study focuses on selected crops because of their economic and regional relevance in Slovenia.


THE ADMINISTRATION OF THE REPUBLIC OF SLOVENIA
FOR FOOD SAFETY, VETERINARY AND PLANT PROTECTICHN
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We select asparagus, garlic, strawberries, cherries, apples and kaki samples to verify their declared Slovenian origin. The study focuses on selected crops because of their economic and regional relevance in Slovenia.


Slovenia
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Presentation Notes
Which is a country with a low level of self-sufficiency, especially in fruits and vegetables. However, in recent years locally produced food has become more demanded by Slovenian consumers…


Slovenia

Country with low level of self-sufficiency:
fruits (30 %), vegetables (48 %)



Presenter Notes
Presentation Notes
Which is a country with a low level of self-sufficiency, especially in fruits and vegetables. However, in recent years locally produced food has become more demanded by Slovenian consumers…


Slovenia

Country with low level of self-sufficiency:
fruits (30 %), vegetables (48 %)

Locally produced food has become
more demanded by Slovenian consumer
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Which is a country with a low level of self-sufficiency, especially in fruits and vegetables. However, in recent years locally produced food has become more demanded by Slovenian consumers…


Fraud risk:

mislabeling the origin
of production!
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and at higher risk for food fraud, in terms of mislabeling the origin of production.
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that the food we are
$& buying is authentic?
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So the question is, how can we fight against frauds and be confident that the food we are buying is authentic and safe?
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The four gears building trust in our food
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| * | *
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Today, in this presentation, you will learn about four different gears that building trust in our food.
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The four gears building trust in our food
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The first part is devoted to methodology and the use of stable isotopes.


Geographical origin of food

(CIN] & elemental composition (ICP-MS)

Distance from the sea

: Meteorological Latitude, altitude
| l"‘“‘ variation Photosynthesis

Hh‘ ‘
Evapotranspiration X b
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For the geographical origin of the food we used C, N, O and S isotopes and elemental composition


Geographical origin of food

OOOO “Bulk” EA-IRMS

Compound
Mixture A + B Magnet
B hyp
l A B M M
- ~ N -~ ..Ion
g g source

Chemical Conversion Isotope Ratio Mass
(M = CO,, N,, H,, Spectrometry (IRMS)

CO, ...)
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For measuring stable isotopes, we used an elemental analyser for so-called bulk analysis, where at the end, we get only one value for the sample.


Authenticity of flavourings

O @ “Compound specific?” GC-IRMS

Compound

: Compound A
Mixture A + B Compound B M Magnet -
A B M

AA BB 1M
M1 AM B M

R R A A R R Ion

- - ~ source

Chromatographic Separation Chemical Conversion Isotope Ratio Mass

(Gas Chromatography) (M = CO,, N,, H,, CO,...) Spectrometry (IRMS)
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For flavourings, we used a compound-specific IRMS, where at the end we obtained a value for each of the compound that is present in a sample.


, Authenticity of flavourings

Solid Phase MicroExtraction (SPME)
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We introduced the volatile compounds to the system using a special extraction technique called SPME.
The key component of an SPME device is a piece of silica fibre coated with an adsorbent. 


) Authenticity of flavourings

Solid Phase MicroExtraction (SPME)
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We introduced the volatile compounds to the system using a special extraction technique called SPME.
The key component of an SPME device is a piece of silica fibre coated with an adsorbent. 


, Authenticity of flavourings

Solid Phase MicroExtraction (SPME)


Presenter Notes
Presentation Notes
After the equilibration phase, the fibre adsorbs volatile aroma compounds from headspace in a vial. Components are then thermally desorbed from the fibre into the GC injection port. 


Authenticity of flavourings

Solid Phase MicroExtraction (SPME)

Equllibration
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After the equilibration phase, the fibre adsorbs volatile aroma compounds from headspace in a vial. Components are then thermally desorbed from the fibre into the GC injection port. 


Authenticity of flavourings

Solid Phase MicroExtraction (SPME)

Equllibration > Extraction
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After the equilibration phase, the fibre adsorbs volatile aroma compounds from headspace in a vial. Components are then thermally desorbed from the fibre into the GC injection port. 


Authenticity of flavourings

Solid Phase MicroExtraction (SPME)

Equllibration > Extraction > Desorption
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After the equilibration phase, the fibre adsorbs volatile aroma compounds from headspace in a vial. Components are then thermally desorbed from the fibre into the GC injection port. 


HS-SPME GC-C/P-IRMS (5'3C or 52H)



Presenter Notes
Presentation Notes
a method can be used to measure both carbon and hydrogen isotope values.


Procedure can be transferred
to different flavourings &
it is sultable for analysing
complex matrices.
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The procedure can be easily transferred to different flavourings, and it is suitable for analysing complex matrices.


Many compounds often fall out of the linear range
of GC-IRMS instrument

Abundance (nA)
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Since samples contain compounds in various concentrations, many compounds often fall out of the linear range of the GC-IRMS instrument. 


Many compounds often fall out of the linear range
of GC-IRMS instrument
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Since samples contain compounds in various concentrations, many compounds often fall out of the linear range of the GC-IRMS instrument. 
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For that peak size/linearity correction was developed. This approach significantly improved the measurement error of small peaks (below 1nA) from 3 ‰ to 0.5 ‰.


B
Peak size / linearity correction

Abundance (nA)

i 2
g
T
&
5_
‘ - |
3 [ |
|

all !
' h ] ll ] {

B0 '\.a.ﬂ._,_,.-m__,.lx.,l'l__ Y l__|||.,.. I"'L..-.._'-._IILJ Ll-J-..— N, M —mn o s an —] L) Lh
0 152 304 456 G608 212 1064 1216 1368 1520

760
Time iseconds)


Presenter Notes
Presentation Notes
For that peak size/linearity correction was developed. This approach significantly improved the measurement error of small peaks (below 1nA) from 3 ‰ to 0.5 ‰.


Peak size / linearity correction
Significantly improved the measurement error of small peaks
(below 1nA) from 3 %o to 0.5 %eo.
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For that peak size/linearity correction was developed. This approach significantly improved the measurement error of small peaks (below 1nA) from 3 ‰ to 0.5 ‰.


Multiple-point isotopic linear normalisation

Reduce the random error associated with the analysis of a
reference material used to anchor the linear scale.

Raw 6'3C value (%)
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9 different reference material (pure aroma compounds) with known and traceable delta values were used for multiple point isotopic linear normalization


Measurement uncertainty

Reference JCombined uncertainty
In-house standard (U, k=1)

ethyl butanoate -25.7 0.5
hexanal -25.5 0.3
(E)-hex-2-enal -27.5 0.8
hexyl acetate -27.0 0.6
benzaldehyde -26.0 0.8
ethyl 2-methylbutanoate -24.7 0.1
2-methylbutyl acetate -32.9 0.3
ethyl hexanoate -32.8 0.2

[(z)-hex-3-enyl] acetate -28.7 0.2
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Presentation Notes
The method was also validated for those 9 aroma compounds, and the calculated combined uncertainty was for the method 0.4 ‰. The procedure gives reproducible and accurate results comparable to or better than the reported data. 


Measurement uncertainty
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The method was also validated for those 9 aroma compounds, and the calculated combined uncertainty was for the method 0.4 ‰. The procedure gives reproducible and accurate results comparable to or better than the reported data. 


Measurement uncertainty

Reference
values (%o

Combined uncertainty

In-house standard

(U, k=1)
ethyl butanoate -25.7 0.5
hexanal -25.5 0.3
(E)-hex-2-enal -27.5 0.8
hexyl acetate -27.0 0.6
benzaldehyde -26.0 0.8
ethyl 2-methylbutanoate -24.7 0.1
2-methylbutyl acetate -32.9 0.3
ethyl hexanoate -32.8 0.2
[(z)-hex-3-enyl] acetate -28.7 0.2 Perini et al., 2019: 10 = £ 0.8 %o (vanillin)

Hatorri et al., 2010: 10 = £ 0.4 %o (acetic acid)
Method 0.4 %o Schipilliti et al., 2016: 10 = + 1.0 %o (vanillin)
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The method was also validated for those 9 aroma compounds, and the calculated combined uncertainty was for the method 0.4 ‰. The procedure gives reproducible and accurate results comparable to or better than the reported data. 


Compound specific §'°C measurements
effects of equilibration, adsorption, desorption times and temperatures
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Further effects of equilibration, adsorption, desorption times and temperatures on carbon delta values have been evaluated. The results show that selected different conditions do not affect carbon isotope values


Compound specific 6'3C measurements
effects of equilibration, adsorption, desorption times and temperatures
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Further effects of equilibration, adsorption, desorption times and temperatures on carbon delta values have been evaluated. The results show that selected different conditions do not affect carbon isotope values


Compound specific §'°C measurements
effects of equilibration, adsorption, desorption times and temperatures
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and therefore do not cause isotopic fractionation.
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and therefore do not cause isotopic fractionation.


Compound specific °H measurements
effects of equilibration, adsorption, desorption times and temperatures
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What was not true for hydrogen. Here the method error below 10 ‰  was obtained only by optimising measurement conditions. 



Compound specific °H measurements
effects of equilibration, adsorption, desorption times and temperatures
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What was not true for hydrogen. Here the method error below 10 ‰  was obtained only by optimising measurement conditions. 
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Unfortunately, the obtained isotope value does not mean a lot by itself.
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The four gears building trust in our food
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So besides developed methodology we need to create a database or databank 


samples agamst whyc; a sample under

mvestlgatlon can be compared
i :
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Data interpretation in the selected cases of frauds requires extensive reference data set of authentic food samples, i.e. a database or databank against which a sample under investigation can be compared. 


eneral requirements
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Our established databases follow general requirements of authentic samples, collected from primary producers by impartial collectors, adequate number of samples, sufficiently representative that cover natural variations of isotopic and elemental values. 
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Our established databases follow general requirements of authentic samples, collected from primary producers by impartial collectors, adequate number of samples, sufficiently representative that cover natural variations of isotopic and elemental values. 



General requirements

Samples within database are authentic

Collected from primary producers by
impartial collectors

Adequate number of samples
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Our established databases follow general requirements of authentic samples, collected from primary producers by impartial collectors, adequate number of samples, sufficiently representative that cover natural variations of isotopic and elemental values. 
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Our established databases follow general requirements of authentic samples, collected from primary producers by impartial collectors, adequate number of samples, sufficiently representative that cover natural variations of isotopic and elemental values. 



General requirements

Samples within database are authentic

Collected from primary producers by
impartial collectors

Adequate number of samples
Sufficiently representative

Cover natural variation
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Our established databases follow general requirements of authentic samples, collected from primary producers by impartial collectors, adequate number of samples, sufficiently representative that cover natural variations of isotopic and elemental values. 



databases
were

established
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Althogether, 10 different extensive databases were established


513C (52H)

FLAVOURING @ % @
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Four of them include isotope values of carbon of 16 VOC present in apple, 39 in various fruits, one - vanillin in vanilla flavourings and 21 in truffle samples. For vanillin we also obtain hydrogen values. Besides authentic natural samples, database contain also synthetic samples.
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Four of them include isotope values of carbon of 16 VOC present in apple, 39 in various fruits, one - vanillin in vanilla flavourings and 21 in truffle samples. For vanillin we also obtain hydrogen values. Besides authentic natural samples, database contain also synthetic samples.


513C (52H)

worve ) ® @ O
16 39 1 21

VOCs
NATURAL 34 213 49 87


Presenter Notes
Presentation Notes
Four of them include isotope values of carbon of 16 VOC present in apple, 39 in various fruits, one - vanillin in vanilla flavourings and 21 in truffle samples. For vanillin we also obtain hydrogen values. Besides authentic natural samples, database contain also synthetic samples.
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Four of them include isotope values of carbon of 16 VOC present in apple, 39 in various fruits, one - vanillin in vanilla flavourings and 21 in truffle samples. For vanillin we also obtain hydrogen values. Besides authentic natural samples, database contain also synthetic samples.
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The other 6 databases include stable isotope values of C, N, O and S and the elemental composition of selected fruits and vegetables. In databases we have samples from different number of harvest years, from 1 to 3. For each year at least 20 authentic samples were included. In the databases we include also samples from abroad. 
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The other 6 databases include stable isotope values of C, N, O and S and the elemental composition of selected fruits and vegetables. In databases we have samples from different number of harvest years, from 1 to 3. For each year at least 20 authentic samples were included. In the databases we include also samples from abroad. 
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The other 6 databases include stable isotope values of C, N, O and S and the elemental composition of selected fruits and vegetables. In databases we have samples from different number of harvest years, from 1 to 3. For each year at least 20 authentic samples were included. In the databases we include also samples from abroad. 
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After creating a database
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Presentation Notes
we need to analyse our data, witch also includes the interpretation of results.
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We use a comparative analysis of established natural and synthetic isotope ranges. Studying of various compounds give us a opportunity to select the most appropriate for discrimination between synthetic and natural origin of flavourings. In this case discrimination is possible with compound A and B but not with the compound C where we see overlap.
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Presentation Notes
According to data 25 of 33 investigated VOC allow discrimination between natural and synthetic samples within fruit flavourings
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And within truffles this is true for 9 VOCs. 
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Presentation Notes
For vanillin, by using carbon isotope values we can successfully discriminate between synthetic and natural origin of vanillin extracted from vanilla beans. Additional hydrogen values allow discrimination also between biosynthetic sources of vanillin.
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For vanillin, by using carbon isotope values we can successfully discriminate between synthetic and natural origin of vanillin extracted from vanilla beans. Additional hydrogen values allow discrimination also between biosynthetic sources of vanillin.
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For vanillin, by using carbon isotope values we can successfully discriminate between synthetic and natural origin of vanillin extracted from vanilla beans. Additional hydrogen values allow discrimination also between biosynthetic sources of vanillin.
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For vanillin, by using carbon isotope values we can successfully discriminate between synthetic and natural origin of vanillin extracted from vanilla beans. Additional hydrogen values allow discrimination also between biosynthetic sources of vanillin.
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For vanillin, by using carbon isotope values we can successfully discriminate between synthetic and natural origin of vanillin extracted from vanilla beans. Additional hydrogen values allow discrimination also between biosynthetic sources of vanillin.
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However, for a geographical origin of food, more isotopes need to be used, and therefore, multivariate data analysis should be applied. But the choice which chemometric approach should be used depends on the scientific problem.


Confirmation that
a specific sample
originates from a
particular country.



Presenter Notes
Presentation Notes
In our case, our goal was to prove that a specific sample marked as Slovenian comes from Slovenian fields. This scientific question belongs to one class classification problems.
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In our case, our goal was to prove that a specific sample marked as Slovenian comes from Slovenian fields. This scientific question belongs to one class classification problems.
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Instead of discriminant methods we proposed using class-modelling or one-class classifiers methods such as DD-SIMCA which distinguish objects of one particular class from all other objects and classes without having information about them. 
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Instead of discriminant methods we proposed using class-modelling or one-class classifiers methods such as DD-SIMCA which distinguish objects of one particular class from all other objects and classes without having information about them. 
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Modelling is composed of 3 different sets of samples: target, alternative and test set.
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Modelling is composed of 3 different sets of samples: target, alternative and test set.
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Modelling is composed of 3 different sets of samples: target, alternative and test set.
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Modelling is composed of 3 different sets of samples: target, alternative and test set.
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The most important is target set which is used for building a model. By splitting them to training and test we used it also for validation of the model in terms of sensitivity.
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The most important is target set which is used for building a model. By splitting them to training and test we used it also for validation of the model in terms of sensitivity.
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The most important is target set which is used for building a model. By splitting them to training and test we used it also for validation of the model in terms of sensitivity.


0 Target set (compliant samples)

70%

30%

_Test set

To assess model validity

_Training set
For building the model

+ q/q0)

00 02 04 06 08 10 12 14

Onrthogonal distance, log(1

Distances (ncomp = 3)

@ Regular
= - Extreme
g “~ m Outlier
L] ‘ \\
9 0 * N\
* L ]
A
P
L] n? ° \
2’ s \
s \

00 05 10 15 20 25

Score distance, log(1 + h/h0)



Presenter Notes
Presentation Notes
The most important is target set which is used for building a model. By splitting them to training and test we used it also for validation of the model in terms of sensitivity.
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The most important is target set which is used for building a model. By splitting them to training and test we used it also for validation of the model in terms of sensitivity.
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Presentation Notes
Non-compliant samples which represents alternative set are used only to evaluate the models performance in terms of specificity.
Those data are never used for building the model.
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Presentation Notes
Non-compliant samples which represents alternative set are used only to evaluate the models performance in terms of specificity.
Those data are never used for building the model.
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Non-compliant samples which represents alternative set are used only to evaluate the models performance in terms of specificity.
Those data are never used for building the model.
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Finally, the origin of unknown samples from our test set can be than predicted. 
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Finally, the origin of unknown samples from our test set can be than predicted. 
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Presentation Notes
When an object is placed inside the acceptance boundary, then the object is similar to the other objects used for building the model. If the object is placed outside, then the sample is either an outlier or belongs to a class that is not represented in the data set.


eTest set (unknown samples)

Distances (ncomp = 3)

o ' IN: object is similar to the other
2 objects in a class

oo 05 10 15 20 25

Score distance, log(1 + h/hd}


Presenter Notes
Presentation Notes
When an object is placed inside the acceptance boundary, then the object is similar to the other objects used for building the model. If the object is placed outside, then the sample is either an outlier or belongs to a class that is not represented in the data set.
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Presentation Notes
When an object is placed inside the acceptance boundary, then the object is similar to the other objects used for building the model. If the object is placed outside, then the sample is either an outlier or belongs to a class that is not represented in the data set.
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If the object is placed outside, then the sample is either an outlier or belongs to a class that is not represented in the data set.


Excellent year to year DD-SIMCA models &'

Bl Sensitivity Il Specificity

2018 97 /o
PCs=1

96 %
2019
PCs=2 81 7
2020

PCs=2


Presenter Notes
Presentation Notes
In that way we build several DD-SIMCA classification models
we get excellent year to year models with excellent sensitivity and good specificity. 
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But when we combine all years into a single general model we found a significant year-to-year variation.
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What is not the case with vegetables, where we obtain an excellent robust general model for garlic and asparagus.
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In the end, our method, database and models need to be helpful 
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and therefore used in market testing.
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Within food flavourings


Number of commercial samples
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Where we tested 33 fruit 4 vanilla and 11 truffle flavourings….
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Where we tested 33 fruit 4 vanilla and 11 truffle flavourings….
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Where we tested 33 fruit 4 vanilla and 11 truffle flavourings….
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Where we tested 33 fruit 4 vanilla and 11 truffle flavourings….
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The results imply that authenticity of fruit flavourings on the market can be questioned
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The results imply that authenticity of fruit flavourings on the market can be questioned
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Moreover, all 4 investigated samples claimed to be flavoured with natural vanillin from Vanilla beans contain synthetic vanillin.
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Moreover, all 4 investigated samples claimed to be flavoured with natural vanillin from Vanilla beans contain synthetic vanillin.
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And within truffles we can use 2 compounds that indicate the presence of synthetic flavour in truffle samples.
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And within truffles we can use 2 compounds that indicate the presence of synthetic flavour in truffle samples.
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And within truffles we can use 2 compounds that indicate the presence of synthetic flavour in truffle samples.
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Regarding the geographical origin of investigated fruit and vegetable crops, 
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over a third of the samples did not correspond to their given declaration with the highest % within apples.



Conclusions
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To conclude, just a quick recap
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Today you learn about four different gears that building trust in our food.



Developed HS-SPME
GC-C/P-IRMS (5'3C / &2H)

method opens up new
possibilities for its application.
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Within methodology you found out that we developed HS-SPME GC-C/P IRMS method opens up new possibilities for its application through a series of case studies.


10 extensive databases

are of significant
importance for producers
or enforcement agencies.
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Presentation Notes
Ten different extensive databases that are of significant importance for producers or enforcement agencies have been shown to you.


Utilisation of DD-SIMCA for

geographical traceability
can be transferred to any

food commodity or country.
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Within data analysis, utilisation of DD-SIMCA for geographical traceability of selected food crops is the first application of its kind globally and can be transferred to any other food commodity or country.


Insight into potential
mislabeling and adulteration
benefiting producers and
enhancing consumer trust.
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And finally you found out that testing of commercial samples gives insight into potential mislabeling and adulteration what benefiting producers and enhancing consumer trust.
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The work has been implemented in the framework of many projects.
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And can not be possible without the assistance of our flavour company and many institutes who provided samples.


Any questions?
lidija.strojnik@ijs.sl

Lidija Strojnik, Nives Ogrinc

ISO-FOOD Symposium, April 24t 2023
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