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Quality assessment of EVOO
C mmmmre

Acidity % H Qil not consistent
with the declared
H 2 i | >08 A\ > category.
Titration ) ; .
a
Peroxide value mEq O,/kg
< 20 [ >20
UV spectrometry
K270 £ 0,22 | K270 >0,22 >
) ¥
Absorption UV spectrometry
AK < 0,01 AK > 0,01
spectroscopy l"l |
UV spectrometry
k232250 | K232>250 > P
v &
Organoleptic assessment oil not
H consistent with
med. fruity >0 med. fruity = 0 N the declared
and med. fruity >0 - category.
med. defects = 0 and . ()
med. defects > 0
Ethyl P [ R CL Ty
Gas chromatography I” 2
yes no

*< 40 mgf/kg in 2013/2014
< 35 mgfkg in 2014/2015

Oil type as declared regarding quality criteria.

Go to Table 3. (purity criteria)

IAMP 2025
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Why fluorescence?

Fluorophores naturally present in oil:
= Chlorophylls a, b, d
= Flavonoids, carotenoids
= Polyphenols
= Tocopherol, vitamin E
= Oxidation products

S, #4
i Internal
i conversion
: Intersystem
; ¥ crossing
S, '_A‘ 4 \
d4UN N 1_'l—
S,

Absorption  Fluorescence Phosphorescence

F. Venturini, francesca.venturini@zhaw.ch
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Method: fluorescence

EEM of undiluted olive oil

Fluorophores naturally present in oil: 700 1
L
= Chlorophylis a, b, d 5o intonsity (3. 1)
= Flavonoids, carotenoids
= Polyphenols 600
= Tocopherol, vitamin E E 550 a
= Oxidation products <
S 500
S, A s
i Internal ‘O
: conversion Lﬁ 450
: . Intersystem 10!
S, T " 400
b e vl% 350
So 300 10
Absorption  Fluorescence Phosphorescence 300 400 500 600 700 800

Emission (nm
F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 ( ) 7
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Method: fluorescence

EEM of undiluted olive oil

Fluorophores naturally present in oll: 700 10
L
= Chlorophylls a, b, d 5o intonsity (3. 1)
» Flavonoids, carotenoids
= Polyphenols 600
= Tocopherol, vitamin E E 550 a
= Oxidation products <
S 500
S, A I
§ ::rc])tr?\l;r:a?éion L% 450
; ' Inters‘ystem 10t
SRS %i‘"g 400
e S vl% 350
So 300 f ' 10
Absorption  Fluorescence Phosphorescence 300 400 500 600 700 800

Emission (nm
F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 ( ) 8



Method: fluorescence

Fluorophores naturally present in oil:
= Chlorophylls a, b, d
= Flavonoids, carotenoids
= Polyphenols
= Tocopherol, vitamin E
= Oxidation products

S, :
i Internal
E conversion
H Intersystem
; ¥ crossing
81 '—A‘ \ 4 \
N Ny 111—
So

Absorption  Fluorescence Phosphorescence
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EEM of undiluted olive oil

Emission (nm)
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SustRYfable
Method: fluorescence B

EEM of undiluted olive oil

Fluorophores naturally present in oll: 700 10
L
= Chlorophylls a, b, d 5o intonsity (3. 1)
= Flavonoids, carotenoids
= Polyphenols 600
= Tocopherol, vitamin E E 550 a
= Oxidation products <
S 500
S, A I
§ Ic:rc])tr?\l;r:a?éion u% 450
; ' Inters‘ystem 10t
SRS %i‘"g 400
b s vl% 350
Sy 300 ' L 108
Absorption  Fluorescence Phosphorescence 300 400 500 600 700 800

Emission (nm
F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 ( ) 10



Method: fluorescence

Fluorophores naturally present in oil:
= Chlorophylls a, b, d
= Flavonoids, carotenoids
= Polyphenols
= Tocopherol, vitamin E
» Oxidation products

» Fluorescence is very specific of the
molecules contained in the sample
—>Fluorescence can be used for
guantitative assessment

F. Venturini, francesca.venturini@zhaw.ch
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EEM of undiluted olive oil
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Extraction of quality parameters
with fluorescence: instrument

= Single spectra

= Compact and cost-effective 700
design
650
= No optical filters, lenses
Lo 600
= Fast acquisition (<1s) A
€ 550
= Easy to use S
C
S 500
&
Fluorescence Sample 9 450
L
Spectrometer [I)_rlizvl:(;r = Raspberry Pi 4000
Excitation 350
LED "(\Zﬁ
300
300 400 500 600 700 800 Venturini, F. et al., Foods 2021, 10, 1010

Emission (nm)
F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 12
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Dataset of olive olls

Label Acidity Peroxide value Ky70  Kzz»  Ethylesters  Quality

= Qils from single producer, 3 different quality — é"g; <mEq8Ciz/kg> s <mg2/6Kg> -
levels: EVOO, VOO, LOO D04 0.34 8.6 0.108  1.403 40 VOO
. . . D05 0.36 10.3 0.112 1.44 18 VOO

= Complete chemical analysis for all oils D06 031 97 0151 1484 18 VOO
D07 0.50 8.9 0.150 1.537 47 VOO

DO 0.40 8.5 0.158 1.546 25 VOO

D19 0.25 4.9 0.13 1.540 10 EVOO

D20 0.26 4.6 0.14 1.540 10 EVOO

D35 0.17 6.4 0.12 1.63 8 EVOO

D38 0.16 6.4 0.12 1.63 0 EVOO

D45 0.17 4.9 0.12 1.63 7 EVOO

D46 0.18 5.0 0.13 1.63 8 EVOO

D47 0.18 5.2 0.13 1.64 16 EVOO

D49 0.9 9.9 - - - LOO

D51 2.16 - - - - LOO

D52 1.78 22 - - - LOO

D53 0.7 8.7 - - - LOO

D64 0.2 7.1 0.13 1.63 29 VOO

D73 0.2 8.9 0.14 1.66 15 EVOO

D77 0.24 104 0.13 1.74 26 VOO

D81 0.16 4.9 0.12 1.63 9 EVOO

D92 0.18 5 0.17 1.91 15 EVOO

F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 13



Design of the 1D-CNN

= Design using physical information:
= Number of filters - number of the expected features
= Size of filters - resolution of the spectrometer

= Supervised learning
= Cross validation - Leave-one-out

Convolution  Max Pooling ~ Convolution
Layer (A) Layer Layer (B)

f:;r ! N ' Iteration 2
[
N
N
.= N
1 N

Iteration 3

Iteration 1

Dense Layers

Iteration Nj

Input Layer (A) Output
'(Latent Features)

6 Feature Maps:
6 Arrays each of 1005 values
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Qil used for Validation

Oils used for Training

Val. Train Train Train Train Train Train
1 2 3 4 N2 | N1 | N,
Train Val. Train | Train Train | Train | Train
1 2 3 4 N2 [ N1 [ N,
Train Train Val. Train Train | Train | Train
1 2 3 4 No-2 | N[ N
Train Train | Train Train Train | Train Val.
1 2 3 4 N,-2 | N1 [N,
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Explainability results

(A) : (A)
Feature maps for all the oils ~ (B)A(O
c:é (D)

K232 >
Unmodified Data Data transformed with tanh(-) @

Led eal Led K 2 2 | | |

395 nm > 395 nm BRe? 2 N - E i i

400 500 600 760 800

Wavelength (nm)

SR L L I

)
1
|

1

» There 1D-CNN identifies tha spectral
regions relevant for the prediction

» The 1D-CNN learns from the same regions of
the spectra for all oils = results are robust

» The 1D-CNN identifies the spectral features

305 441 487 534 582 630 678 727 776 350 395 441 487 534 582 630 678 727 776 which are phyS|Ca”y meaninngI - trust the
wavelength (nm) wavelength (nm) results
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Ethyl esters
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Results: extraction of quality parameters

EXTRA VIRGIN OLIVE OIL
(quality criteria)

\
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Adidity %

<08 | > 0,8

_

Peroxide value mEq O,fkg

<20 I >20

—

UV spectrometry

K270 <0,22 I K270 > 0,22

A

UV spectrometry

AK 50,01 | AK > 0,01

|

UV spectrometry

K232 < 2,50 | K232 > 2,50

. 4

Organoleptic assessment

med. fruity >0 med. fruity = 0
and med. fruity >0

med. defects = 0 and
med. defects > 0

I

Ethyl esters*

yes no

Oil type as declared regarding quality criteria.

Go to Table 3. (purity criteria)

10 20 30 40 50
Ethyl Esters (mg/Kg) True Values

Venturini, F. et al., Journal of Food
Engineering 336, 111198 (2023)




4
A - f EVO O 400 Label | Sample description Origin
g e I n g O iiﬁ A Coop Naturaplan Italienisches Olivendl (BIO) | IT
o B Hacuinda Don Paolo ES
550 C Monocultivar Nocellara Bio IT
o D Monini, Toscano IGP I'T, Tuscany
. 400 E Monini, Classico I'T
24 commercial EVOO 350 F | Oliva, Favola IT
. .. G Migros, M Classics ES
Heterogenous geographical origin (ltaly, H | Alexis, Manalki R
Spain, Portugal, Greece, and 500 I Migros, Bio Italienische Olivendl IT
ifi i — 400 J Alnatura, Natives Olivenol extra ES
UﬂSpGleled Europe) and prICe E;gg K Migros, Bio Griechisches Olivenol GR
3 sam ples per OII and agelng Step é L Demeter, Spanisches Olivendl ES
8600 M Filippo Berio, Il Classico EU
10 agemg Steps at 60° C dark sealed 5:28 N Demeter, Bio Coop Naturaplan PT
vials o Portugisisches Olivenol
350 O Castillo, Don Felpe ES
300 P Coop. Naturaplan Bio Griechisches Olivendl | GR
720 EEMs § 600 Q Demeter, Son Naava ES, Mallorca
gzg R [liada, Kalamata PDO GR
450 S Sapori d’Italia, Sicilia I'T, Sicily
e T San Giuliano, Sardegna DOP IT, Sardinia
300 U Coop, Naturaplan Bio Spanisches Olivenol ES
c00 Vv San Giuliano, Fruttato I'T
550 W | San Giuliano, L’Originale I'T
reo X Coop. Qualité-Prix IT, ES, GR

Y ’

F. Venturini, francesca.venturini@zhaw.ch 00 700 800 300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
Venturini, F. etal.,, LWT 191, 115679, (2024) Emission (nm)



Quantitative assessment of
ageing: UV spectroscopy e ST

\Average

= Ageing assessed through quality parameters: S e
Time (days) Time (days)
K K AK 05
2321 12268» —a = Q
Commission Regulation EEC 2568/91, —-—5B8 — R K2 68
Commission Implementing Regulation (EU) No 1348/2013 o4l —5 =& ;
off =8 o v

Kae68

| EvooLimit ~ ——m—r | EVOOLimit o e——t
0.2} = i

Observations:

\Average

0.1} ‘_\.i S

»Similar trends for all oils despite N U

heterogeneity Time oy Time cave)

i | —en AK
»K,4,: total change 26% - weak oo 5 TS
> K,qq: total change 143% ->strong ‘ .
> AK: Behaviour similar to K 0,010 ool rz/
0.005 —— Average

Time (days) Time (days)

F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 18
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Deep learning approach P

- Data Preprocessing

b Domain Adaptation
Tensor Shape v Training v Training
| Tensor Shape Tensor Shape Tensor Shape | (N1,160,160,3) I ) i ' '
doi: arXiv:1801.04381 doi: arXiv:1801.04381
(N1,35,251) (N1,35,251,3) (N1,160,160,3) d d
doi: 10.3390/data8050081 - -
o Nl aa MobileNetv2 |  Custom MobileNetv2 |  Custom
Trained on Additional Trained on Additional
) Imagenet Layers Imagenet Layers
wn Reshaping %) Reshain )
i I
2 in 3 Iayer; g ping . g LAYERS 1:M
® E Normalisation E g @ »| | ALLQLAYERS | ALL LAYERS > FROZEN ALL LAYERS
N
% a = FROZEN TRAINABLE LAYERS M+1:Q TRAINABLE
Q = TRAINABLE
Reshaping F'2’257‘5184
. . arameters ’
g N In 3 layers > 4&”: %2, Reshaping > ‘g’: N ge 41'665 Parameters M Layers FROZEN u ?%ifﬁgﬁers
a — a) > ') Parameters Q-M Layers
= Normalisation = = FROZEN TRAINABLE TRAINABLE
TRANSFER LEARNING FINE TUNING
(N,35,251) (N2,35,251) (N2,35,251,3) (N2,160,160,3)
" A . ’
Tensor Shape Tensor Shape Tensor Shape Tensor Shape Learning Rate /1 Learning Rate 72
§ = > Trained Network <
Assessment Metric /
Tensor Shape 1
MAE = N Z .lgi_yil
all inputs ¢ -
Tensor Shape

Michelucci, U., Venturini, F. Sci Rep 14,22291 (2024)

F. Venturini, francesca.venturini@zhaw.ch SMSI 2025



Predicted Values

1 15 2 25
Actual Values

» Fluorescence intensity can be used to predict UV quality parameters

F. Venturini, francesca.venturini@zhaw.ch
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Actual Values

IAMP 2025

Quality
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Label

e D
L Su§t,6bn9ble

Results: extraction of quality parameters®

MAE EU limits
parameter error
K232 0.066 0.06 25
K268 0.010 0.02 0.22
20
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Explainability approach

Information Elimination Approach (IEA)

= Method: Information elimination approach i — == i
imination of a region ‘

the entire image

= Heatmap of the AE (absolute error) when eliminating a spectral region

—> identification of spectral regions contributing to the prediction

Qil P, K.,
Fresh Oxidized
8 8

300 350 400 450 750 800 300
o o Aem (nM) Aem (DM Aex Importance
F. Venturini, francesca.venturini@zhaw.ch SMSI 2025 21
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Results: heatmap of the spectral regions

relevant for prediction

S Sugtwebngble

» |dentification of spectral regions affected during the ageing (the oxidation
process)
K232 K268

650
600
550
£ 500
’j 450

400

350

300 T T T 300 T T T
300 350 400 450 500 550 600 65Q, 700 750 800 300 350 400 450 500 550 600 650 700 750 800

Aem (nM) \ Aex Importance Aem (nM) Aex Importance

R1: chlorophylls = pheophytins R1: reduction conc chlorophylls
R2: reduction conc carotenoids

F. Venturini, francesca.venturini@zhaw.ch IAMP 2025 22
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No free lunch:
challenges in application of ML

DATA STANDARDISATION, EXTRACTION OF PHYSICAL AND
SPARSITY OF DATA INTEROPERABILITY, SCALABILITY CHEMICAL INFORMATION
\ / DATA ANALYSIS PIPELINE *

/ M' —»| DATA PROCESSING »| MACHINE LEARNING —» OUTPUT

/A INTELLIGENT SPECIAL
DATA PROCESSING NEURAL NETWORKS FEATURE SELECTION

M o Al

Smeesters, L., Venturini, F., et al., 2025 photonics for agrifood roadmap. Journal of Physics: Photonics (2025)
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