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Foreword

Is comprehensive two-dimensional gas chromatography worthy to be adopted
in food chemical characterization?

Opinions...

Gestalt: a configuration or pattern of elements so unified as a whole that it

cannot be described merely as a sum of its parts

Platforms: dimensions, information space, configurations, instrumentation
Data processing: new perspectives for fingerprinting

v' Challenge 1: Cocoa origins identitation - thermal vs. flow modulation
v' Challenge 2: Hazelnuts volatiles and spoilage patterns - Computer vision
v" Challenge 3: Extra-virgin olive oil aroma blueprint - Al Smelling machines

Combine challenges in a single step analytical process

Conclusive remarks




GC: The State of the Art
GC: The State of the Art November 01, 2017 Foreword

Chairperson: Pat Sandra By Chiara Cordero, Pat Sandra, John Hinshaw, Hans-Gerd Janssen, Frank
Participants: Steven Lehotay =~ David, Steven Lehotay
Hans-Gerd Janssen
Chiara Cordero
Frank David

Frank David: GCXGC will definitely find its way to
routine application, mainly in petrochemical analysis.
All types of modulators can be used, but easier,
user-friendly, intuitive software and data handling are
needed. Moreover, the application potential of GCXGC
should not be overestimated. One-dimensional GC

and GC-MS are able to cover most GC-amenable

applications.

B Thirty Years of : B . y .
ki ¢ Innovation John Hinshaw

Pat Sandra: Comprehensive GC <XGC has gained
prominence at international meetings and in

the literature in recent years. Do you expect a
breakthrough in the coming years for routine
analyses? Will modulation by temperature or by flow
be mostly applied? Is the data handling sufficiently
developed in terms of accuracy and speed for routine
applications?

Steven Lehotay: GCXGC provides greater selectivity
in separations, but as it is commonly used now, it adds
too much time to the analysis. Another major problem

is that a microbore second-dimension column is easily
overwhelmed by high concentration matrix components,
which is nearly always the case in real-world samples.
GCXGC is overkill in common applications and fails

in many difficult ones, thus, it needs to be used in a
different way to provide faster separations with more
sample capacity. | think a breakthrough in GCXGC
would have been possible many years ago if the drivers

Hans-Gerd Janssen: GCXGC is already routinely used
in the mineral oil area and in the flavour and fragrance
industry, simply because one-dimensional GC cannot do

of the technology had decided to overcome its practical the job. For mar?y‘other applications we are forced, by
limitations, including excessive liquid nitrogen usage for government policies or for company-internal reasons, to
cryogenic modulation, rather than demonstrate niche stick with one dimensional GC. | do not expect a dramatic
applications. breakthrough for GCXGC, but it could evolve to 10-15%

of the GC market.
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understanding the whole,
not merely the sum of
its parts.

...a configuration or pattern of elements so
unified as a whole that it cannot be
described merely as a sum of its parts...



GSAT

One-dimensional GC System
Capacity = n peaks

ettt

n peaks

Separation power (peak capacity) is given by the product
of the two chromatographic dimensions (GCxGC);

Independent (almost) displacement in both dimensions
produces rational retention patterns for homologue
series

Band compression (in space - for thermal modulators)
produces Signal-to-Noise ratio enhancement - sensitivity

Bi-dimensional peak patterns exploits a 3D space where
fingerprinting could be more accurate that in a 2D space
(as for 1D-GC profiles)



= 1D-GC-MS

Profiling?
detailed analysis of the chemical pattern

Targeted - Untargeted profiling?
multidimensional platforms provide
data on analytes identity (MS signatures)
and amount in the sample

Fingerprinting?
general and rapid high-throughput
screening

-> discriminate and cIassif¥ samgles

[1] Harrigan G., Goodacre R. (2003) Metabolic profiling: its role in biomarker discovery and gene
function analysis. Kluwer Academic Publishers: Boston
[2] S.E. Reichenbach et al. J. Chromatogr. A 1226 (2012) 140- 148

Comprehensive 2D GC
unified multi-dimensional platform
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Chromatographic fingerprinting?

pattern recognition
extends samples comparison to all

detectable analytes

“High resolution” profiling

GCxGC separation power enables accurate
guantitative profiling in complex samples

Rationalized patterns of chemical classes
Group-Type Analysis

Ordered elution patterns for chemically
correlated analytes
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Information dimensions
spectral signature (identity)
volatility/polarity

sensory descriptor (bio-assay)

Detl Det2

Loop Type

modulator ‘

D 2x?D

Sample prep - GCx2GC-MS/FID
Sample prep - GC(0O)xGC-MS

D — polarity/volatility

[1] J.C. Giddings, Sample dimensionality: a predictor of order-disorder in component peak
distribution in multidimensional separation, J. Chromatogr. A 703(1995) 3—-15.
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Extra Virgin Olive oil volatiles - Italian origin>

Rational information space

Chemical dimensions
’D - volatility separation

. N e i .
A R N R R O D P N N O R By O O
.0 |20.0 |22.0 |24.0 |28.0 |28.0 |30.0 |32.0 |34.0 |38.0 |38.0 |40.0 |42.0 |44.0 |46.0 |48.0 |50.0 |52.0 |54.0

ID - polarity/volatility separation
Targeted peaks over more than 800 detectable analytes
255 reliably identified by 70 eV spectrum and /” coherence
Various chemical classes highly correlated with autoxidation processes , enzymatic peroxidation,
aroma compounds and potent odorants
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I ‘M&e”*. - | n signature: fundamental to
define fresh-green and
Unsaturated hydrocarbons: distinctive for Fruity notes (positive
earlier harvest stages: 3,4-diethyl-1,5- attributes) -> biogenesis of
hexadiene (RS b SR), 3,4-diethyl-1,5-hexadiene o T e T )
(meso), (52)-3-Ethyl-1,5-octadiene, (5E)-3-Ethyl- " compounds derived from
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2D - volatility separation

Odor intensity
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sweet, fruity

citrus, mint
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Contents lists available at ScienceDirect

Journal of Chromatography A
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ID - polarity/volatility separation

Picture from:
TrAC (2011) 30(11) :1756-1770
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Thermal/cryogenic modulation Differential-flow modulation
Cryogenic ':l'°|‘"’t
moauiator
modulator
Accumulation
. loo
Cold jet <

D column

2D column

I
I
! 2D column

1
Possibility to connect an

additional 2D column

https://www.chromatographyonline.com/



UNIVERSITA
DEGLI STUDI
DI TORINO

Differential-flow modulation

Thermal/cryogenic modulation f

Successful "high resolution" investigations Careful tuning of experimental conditions -
Expert analysts (separation science)
v'in-depth sample characterization Data processing - new concepts
v'adulterations - origin
v classification based on chemical signatures Moderate instrumental costs
No additional costs for operation
= food metabolomics Trained analyst
= sensomics
* food safety Method Translationl2
= emerging issues (MOH) Context of Fast GC - speed - capacity - resolution
4_- Carrier gas conditions (p;, p, and F), temp. programming

Careful tuning of experimental conditions
Expert analysts (separation science) ...by translating
Data processing - new concepts
Preserve the elution order

Rather high instrumental costs Keep coherent elution pattern, and resolution
High operational costs (cryogenics) Exploit all information dimensions
Trained analyst Speed-up the analysis

1. L. Blumberg and M. Klee Anal Chem 1998 70: 3828-3829
2. M. Klee and L. Blumberg J. Chrom Sci 2002 40: 234-247



UNIVERSITA
DEGLI STUDI
DI TORINO

T TN,
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TrAC l‘-

Trendsin Analytical Chemistry

www.elsevier. com/locate/trac

Data point features Region features Peak features Peak-Region features

Fingerprinting using comprehensive
two-dimensional chromatography

CHROMATOGRAPHIC FINGERPRINTING
| | |

l Data reduction l

PROFILING

CHEMOMETRICS fm——————

Q '* (machine learning)
%)

Data analysis

— HIGHER LEVEL INFORMATIONL
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A fingerprint is the pattern

Crime scene fingerprint Database fingerprints
of ridges and valleys on the »
surface of a fingertip , :
-> Everyone has unique : :

fingerprints
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Compound Mame Octanal

Compound Library

Group Mame odorants II

Constellation Mame

Compound Description

gaturated aldehydes
LET (WAX)1277x7

[] Auto Fil

[ ] Internal Standard
[ ] Exdude

Hit List

[] add Text Object
[] add Chemical Structure
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Analysis CLIC (aCLIC) e
Qualifier CLIC {(gCLIC) (00.0) & (RMatch{"<ms=") == 700.0 -~
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Reference Peak st
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Data processing
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Untargeted Template Construction (GC Investigator™) T NG i‘“ M"M“““
Beginning with pre-targeted chromatograms: At |

— comprehensive pair-wise peak matching

— determination of reliable registration peaks s
— a|ignment of 2D chramatnoramc L ”‘"I "M p' ‘0.*L. il sl‘l\ ”H | ‘ 'I.HI i w
— generation of co

— definition of pat l !

— building of tempg 3 B
and peak-regiol
Contents lists available at ScienceDirect L C
Talanta 4

Informatics for cross-sample analysis with comprehensive two-dimensional gas 2 1
chromatography and high-resolution mass spectrometry (GCxGC-HRMS) -

“ll‘ |

e
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Stephen E. Reichenbach®*, Xue Tian?, Qingping Tao®, Edward B. Ledford Jr.,
Zhanpin Wu<, Oliver Fiehn®




B Investigator - G:\Markes 2017_2018\Hazelnuts Spigolon 2018\Feature UT hazelnuts.gca\default.bt X

File Tools Help

Images Compounds Attributes Summary

o Lne rrt. catier . Bl ot

X:[RefentionLMean  « |Y: RetentonILMean v |Z:|Retention LOnewvs-.. |

Retention I
Compound Name
Mean Pairwise M... One-vs-All ... F Value Mean(KO) Mean(0K) Stdev(KO) Stdev(0OK)
Diethyl Phthalate (70) 52.5195 0.0010 0.0587; 0.0587| 0.2415 52.5118] 52.5293| 0.0639] 0.0337]
Methyl 2-octynoate (3) 32.0348| 0.0039] 0.6942] 0.6942] 2.7350 31.9959] 32,1126 0.1359] 0.0337]
Octanoic add (36) 44,5668 2.1118E-7| 0.6522] 0.6522] 1.3044 44,5668 44,5668 1.2186E-5 3.5122E-6
1-Octanol (5) 28.8265 0.0046| 0.9051 0.9051] 3.5288 28.7803] 28.9188 0.1427| 0.0292]
Hexanal (74) 11.0761 0.0259] 0.7693] 0.7693] 1.5710 11.0056 11.2876 0.2967| 0.1237|
Heptanoic add (53) 41.5140 0.0008| 0.5000 0.5000 0.3333 41.5043 41.5334 0.0413 0.0000
(E)-2-Decenal (64) 31.9201 0.0037| 1.2013 1.2013 2.1968 31.8938| 32,0251 0.1198| 3.5122E-6
(E)-2-Octenal (30) 24.4418| 3.4439E-7| 1.1779 1.1779 24,4418/ 24.4418 8.6202E-6 3.5122F-6
Pentanal (109) 8.0289| 0.0223| 0.8548 0.8548| 7.9772 8.1668 0.1784 0.1010
1-Octanol (94) 24.4855 0.0012] 0.5006 0.5006! 24.4709| 24,5001 0.0412] 3.5122E-6
(E)-2-Nonenal (41) 5 28.2218 0.0068| 0.4770 0.4770 28.1556/ 28.3209 0.2358] 0.0412]
2(3H)Furanone, S-butyldihydro- (18) 40.3774 0.0014 1.2888 1.2888 40,3595 40,4251 0.0578] 2.7121E6
(E)-2-Undecenal (25) 6 35.5154 0.0030 0.7207; 0.7207| 35.4813] 35.5834 0.1203] 3.5122E-6
2(3H)Furanone, dihydro-5-pentyl- (29) 43.6393 . 0.0013 0.4441 0.4441 L 43.6251 43.6723 0.0624 0.0337
Acetone (52) 5.1069 0.0164| 0.3613] 0.3613] 5.0834/ 5.1480 0.0918] 0.0558
Butyl B (32) 16.3175 5 0.0161] 0.6909 0.6909 , 16.2251 16.4793 0.2846] 0.1117]
Butyl benzoate (15) 38.9133| 5 0.0019 1.1144 1.1144 38.8865/ 38.9668 0.0760 9.2700E-6
2(3H)Furanone, dihydro-5-propyl- (57) 36.9575 . 0.0024) 10164 1.0164 36.9251 37.0223 0.0904 0.0337
(60) 32,3284 0.0036] 0.9506 0.9506! A 32,2918 32,4140 0.1208| 0.0337]
2(3H)Furanone, 5-ethyldihydro- (45) 33.6955 0.0033 1.2164 1.2164 . 33.6584 33.7945 0.1034 0.0674
Ethyl benzoate (72) 32,6551 0.0032 0.5205 0.5205 32,6181 32.7105 0.1247| 0.0292
Acetonitrile (14) 8.6577| 0.0216; 1.3439 1.3439 3 8.5824 8.8084 0.1830 0.0674
(49) 23.7651 L 0.0098; 1.2887 1.2887 23.7126 23.9751 0.2312 3.5122E-6
Benzaldehyde (17) 27.6161 0.0059; 0.7737 27.5626 27.7230 0.1736 0.0559
4-Hydroxybutyric add (7) . L 0.0041; 1.3631 31.1647 31.3251 0.1198 0.0674;
Toluene (37) 5 3 L 0.0230 0.1619 9.7563 9.8584 0.2537| 0.0000
Dichloremethane (108} % 0.0186: 19287 6.8251! 7.0001 0.1167| 0.0476

Filter: |Compound Name || Export Feature Template |
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Targeted and untargeted
peak(-region) features

are cross-aligned between
all samples and metadata
collected for further
processing



UNIVERSITA
DEGLI STUDI
DI TORINO

» Py
(20

Cocoa roasted stage volatiles - Mexico Chontalpa origin «..0,,
HS-SPME (CAR/PDMS/DVB) - 500 mg - 50°C/50 min ‘?
D CW 20 m x 2D OV1701 - thermal modulation LN,

[ i |

C Rawcocoa-untargeted + targeted peak-regions
Observations (axes F1 and F2: 44.55 %)

Theobroma cacao | — 25 e
volatiles encrypt = . — o o e o o | 20 ‘
(0] Referance Peak ]
- - [T Qualer/Quanther ons |
information on G | e s
. L TR s I « 10
quality - origin - > - BEF | - s S
. . += | - 51
processing impact E=hy Uree o e T
+= [7] Internal Standard 7] Add Chemical Structure 7 0 T . oy TA % G t ' co
E 7] Exclude 7] Set Color JBf Defauit Color 5 ) ‘E
Q = | J e S e eesTd T WEC -y
S LLTPR L ", 'Y _._-‘
StUdy on seven ND 25 20 <15 <10 -5 0 5 10 15 20 25 30
origins from South F1(27.27%)

America, Africa,
Sao Tome

ID - polarity/volatility separation

J OURNAL O F

. ] AGRICULTURAL AND
and Java @ A template consisting of all detected peak-regions FOOD CHEMISTRY

595 peak-regions inCIUding 130 targeted analytes and Comprehensive Chemical Fingerprinting of High-Quality Cocoa at

_ s g st Early Stages of Processing: Effectiveness of Combined Untargeted
17 key odorants eIICItmg characteristic cocoa notes and Targeted Approaches for Classification and Discrimination

Federico Magagna,” Alessandro Guglielmetti,” Erica Liberto,” Stephen E. Reichenbach,” Elena Allegrucci,”
Guido Gobino,” Carlo Bicchi,” and Chiara Cordero™'



1D - Polar PEG (Sol-gel WAX)
30 m x0.25 mm x 0.25um

2D - Medium polarity OV1701
1.0m x 0.10 mm x 0.10um

He carrier @ 1.5 mL/min

He carrier @ 1.5 mL/min

CFT RFF Tee-union

FID (50%)
® 00 {

MS (50%)

1D - Polar PEG (Sol-gel WAX)
10mx0.10mmx0.10um
He carrier @ 0.30 mL/min

2D - Medium polarity OV1701
two parallel 1.5mx0.10mmx0.10um

He carrier @ 4 mL/min

' Differential Flow Modulation with Reverse Inject
' Agilent 7890-5977B HES with CFT plate for RFF DFM

Thermal Modulation

Agilent 7890-5975C with Zoex KT 2004 loop-type thermal modulator

Optimode v2.0 - Cryogenic liquid nitrogen

_ Last filei rted:
@ Speed gain el G| 3| & =

21424
= e Original Method Parameters Calculated Method Parameters
&
() Best Efficiency Gas He - Gas He -

Length {m) U 30m = | 10m E U,
Inner Diameter (pm) U 250 pm| @50 100 pm _ U
Film Thickness (pm) U 0.25 pm @ | 0,10 pm U
Phase Ratio U 249,25 @) | 249.25 : U
Inlet Pressure (gauge) G 251.35kPa @ | 509.52kPa G
Outlet Flow {mL/min) U 1.5 mL/min = 0.3 mL/min r_l
AverageVelocity (emfs  ~ 16.615 cm/fsec @y 11885 anfsec
|
Pmid Pressure (abs) ﬂ 301kPa = - 534 kPa
Holdup Time 0 3.0093 min &3 14046 min —il
Outlet Velocity (cmfs) 18.007 cm/sec 12.687 cmfsec
z RampRate  Final Temp  Final Time z RampRate  Final Temp  Final Time

© Isothermal (=Cfmin) (°C) (min) (=Cfmin) (°C) (min)

_ 1.00 40 0.47

@ Ramps

1 - 10,00 1 |6.4272 260 4.67

(0N

»M0

N
W
a$

é

Total Run Time  84.33 min

Total Run Time  39.37 min

UNIVERSITA
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Thermal Modulation - 3
Agilent 7890-5975C with Zoex KT 2004 loop-type thermal modulator &

Optimode v2.0 - Cryogenic liquid nitrogen

. GC Oven programming: 40°C(1’) to 260°C (10’) @ 3°/min
‘___, K S/SL injector: 270°C, split mode, split ratio 1:20
MS Transfer line: 270°C MS in El mode, 70 eV Full Scan acquisition

Loop dimensions: 1.0 m x 0.10 mm deactivated silica

i

(*)

2
S

)

1D - Polar PEG (Sol-gel WAX) 2D - Medium polarity OV1701

30 m x 0.25 mm x 0.25um 1.0 m x 0.10 mm x 0.10um MS :I'une: Atun.e option; Scan' range .40-240 m/z',' scan ratg 12,500 amu/s
He carrier @ 1.5 mL/min He carrier @ 1.5 mL/min Optimode settings: modulation period 3s, hot-jet pulse time 250 ms

cold jet stream MFC from 35% to 5% in 60 min

Translated conditions

CFTRFF Teeunion fp(so%)  GC Oven programming: 40°C (0.47’) to 260°C (4.67') @ 6.4272°/min
PPN { S/SL injector: 260°C, split mode, split ratio 1:20

MS (50%) MS Transfer line: 260°C MS in El mode, 70 eV Full Scan acquisition
MS Tune: HES Etune; Scan range 40-240 m/z; scan rate 12,500 amu/s
FID: 150 Hz acquisition frequency

1D - Polar PEG (Sol-gel WAX) 2D - Medium polarity OV1701

10mx0.10mmx0.10um two parallel 1.5mx0.10mmx0.10um Modulation valve settings: modulation delay: 0.2 s, modulation period 2s
He carrier @ 0.30 mL/min He carrier @ 4 mL/min injection time 200 ms

Differential Flow Modulation with Reverse Inject
Agilent 7890-5977B HES with CFT plate for RFF DFM
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Cocoa roasted stage volatiles - Mexico Chontalpa origin 4o,
HS-SPME (CAR/PDMS/DVB) - 500 mg - 50°C/50 min ?’
1D CW 20 m x 2D OV1701 - method translation ‘
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Target analysis

Adaptation of peaks pattern

Template transformation

Second-degree polynomial global transformation algorithms?-2 i,

g 3

AE Match Template &
L @
. [ ed v with peaks: :All v
E q}b Refresh ] & Assign ¥ Unassign lTransform Type::Translation v: Cocoa roasted stage
E ! bo) N RT1 Match All H H
5 . Lowon ] volatiles - Mexico
S R R | [ ... ... Template Blob Templa... Bl... Match Remaining . .
: [ =] [zpentanone T _ Chontalpa origin
Z [ .| [2-pentylfuran 6.89 Clear Unassigned Match
7 [] |...| |3,5-Diethyl-2-methylpyrazine 12.22
o veribsenscsos HS-SPME
i8] [] |...| |3-hydroxy-2-Butanone 7.51
T [ .| [aMethyl pentanoic acid 17.32 g Import Match (CAR/PDMS/DVB) - 500 mg
- T [] |...| |4Methyl-3-penten-2-one 5.12| =
= [] |...] |4Piperidinone, 2,2,6,6-tetra... 13.09 23 Export Match o / H
I | [ [...] [5Methyl-2-phenyl-2-hexenal ... 21,51 = 50 c 50 min
o ! Il | [¥] |...|21|Acetophenone (58) 14.2814.27
) | | [¥] |...[s0[Acetyl pyrrole 77 19.70(19.7:
B [@] |...|71/Butancic acid @) 14.42]12.4
- || [ 7. [29(Butyl butancate (245) 6.66| 6.72 =
= [¥] |...|49|Decanoic acid (64) 24.31{24.3Z
o” [] |...| |pimethyl trisulfide 9,54
= [ [-..| [Ethanol 264
= [] |...] [Ethyl 2-methylbutanoate 3.86
3 [] |...] [Ethyl 3-methylbutanoate 4.11]
5] (V] |...|34[Ethyl Acetate (256) 2.32| 2.3
= ] |...|... Ethyl benzoate (21) 14.74/14.8C
oZ ‘ | [] |...] |Ethyl butanoate 3.65 I
o~
_ W ... Ethyldecanoate 14.54 -
] P
E [ Edit Transform ] [ Apply Match ]
- Step 4: Transformed template matching and supervision.
L L O O L O L L L R R R R RN
100 a5 [11.0 115 12 125 |30 i35 140 [1a5 |15.0 |is5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 200 205

| Position: (16.067,1.235) | Value: 400.3215 | State: Template | Substate: Select Object(s)

1. S.E. Reichenbach et al. Anal. Chem. 87 (2015) 10056—-10063
2. D.W. Rempe et al. Anal. Chem. 88 (2016) 10028-10035
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UT fingerprinting
Peak-regions (targeted and untargeted)

ingerprint - feature template
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Independent processing - UT fingerprinting
2D peaks have different ¢ in both dimensions
tailored peak-regions
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Cocoa roasted stage
volatiles - Mexico
Chontalpa origin

HS-SPME

(CAR/PDMS/DVB) - 500 mg

- 50°C/50 min
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Translated method

' HS-SPME - GCx2GC-MS/FID
' Differential Flow Modulation with Reverse Inject

4 HS-SPME - GCxGC-MS
a Loop-type Thermal Modulation

Observations (axes F1 and F2: 58,74 %) Observations (axes F1 and F2: 62,81 %)

20 — 10 _
10 ° \\". A1 ° [ ) | : -
QO.St.ealll ' . > ©  Steam Steam, o,
< s _~ Nibs I © Steam 9 Nibs .
5 N
; 0 —t—— b : a 0 : :
~ 5 . 1 Roast *©° N, Roast ,o -
- Roast® ™ ° . Roast
-10 4 - 4
> Raw O,
15 Raw 1 .. Raw .
e Raw
-20 -10
25 -20 15 <10 -5 0 5 10 15 20 25 30 - -
10 ° F1 (43,10 %) 2

F1(41,27 %)



Cocoa identitation

)
17

- %
o

HS-SPME - GCxGC-MS
Origina| mEthOd Loop-type Thermal Modulation

)
) Translated method

&\
-

HS-SPME - GCx2GC-MS/FID
Differential Flow Modulation

Loss of sensitivity

130 vs. 75 reliably identified targets
595 vs. 450 reliable peak-regions
17 vs. 14 key-aroma compounds

F2 [21.92 %)

v'2D two parallel columns
v'higher outlet flows toward MS

Fingerprint informative role is preserved

3
Roasted
2 Ch_Ra2 T™
II
W\ [ch_raz P

1 b

='|’1

Ch_5t2 ThEh_5t3 TM

Ch_5t1 gl Cigg st T P
a } t t |
Ch5tl -
Ch_R3 FM _ Ch_R2 FM . _~WCh_N2 FM
e g g
1 Ch_R3 T ‘ﬁ ?M Mo R
Ch_N2 ™
Ch_RZ M
- Ch_R1 TM
o
, Raw Steam & nibs
LA J
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UT fingerprinting
Peak-regions (targeted and untargeted)

Multiple factor analysis
Targeted 2D peaks
Chontalpa Mexico

Coordinates of the projected points (axes F1and F2: 68.60 %)

-4 -3 -2 -1 0 1 2 3 4
F1[46.67 %)




Challenge 2

Computer vision

: Quality assessment at
1 industrial level focuses
: on morphological

: aspects, presence of

I damaged kernels,

! perceivable sensory

1 defects (mould, rancid,

: cimiciato, stale etc..)

UNIVERSITA
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: Step-ahead in quality assessment |

: molecular resolution probes:

1. Cuadros-Rodriguez, L.; Ruiz-Samblas, C.; Valverde-Som, L.; Pérez-Castafio, E.;
Gonzélez-Casado, A. Anal. Chim. Acta 2016, 909, 9-23.

2. Cialié Rosso, M.; Mazzucotelli, M.; Bicchi, C.; Charron, M.; Manini, F.; Menta, R.;
Fontana, M.; Reichenbach, S. E.; Cordero, C. J. Chromatogr. A 2020, 1614 (460739)



Computer Vision strategy
Classification trees

Volatiles patterns
diagnostic of spoilage

Computer Vision tools
Prompt identification of
non-conform samples
and confident rejection

Good (OK) Rancid (KO)

Spoiled (KO)

Collection of defected hazelnuts

v harvest years
v’ origin
v’ shelf-life stage
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Flash profiling

-

Mould
Mould-rancid-solvent
Rancid
Rancid-stale
Solvent
Uncoded KO




A

Headspace SPME

ISTDs Pre-loading
5 min
a and B-Thujone 50°C
100 mg/L (5.0 puL)

\ Hazelnuts _
Methyl-2-octynoate & powder (4
u 0.100g

100 mg/L (5.0 ut)

pi pAux pTee

Tee-union
{: FID (70%)
MS (30%)

1D - Polar Heavy Wax (J&W) 2D - Medium polarity OV17
20m x0.18 mm x 0.18 um 1.8 mx0.18 mm x 0.18 uym
He carrier @ 0.4 mL/min He carrier @ 8 mL/min

Multiple Headspace SPME - quantitation

MHS-SPME enables accurate quantitation
of several markers (ESTD and response factors)

secondary products of lipid oxidation (hexanal,
heptanal, octanal, nonanal, (E)-2-octenal, (E)-2- =
nonenal ); u
key-aroma compunds (3-methylbutanal, ethyl 2- *
methylbutanoate, (E)-B-damascenone, 2-
nonanone, heptanoic acid etc);

markers of defected hz (nonanoic acid, butyric
acid, 4-heptanol, 1-pentanol, propanoic acid, 2-
heptanol, pentanoic acid etc)

== - — —
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atograms

Comtents lises available st FOr
SN _ CHEMISTRY
el Food Chemistry
£ il
Journat nomepsge

e s et o0 gty T meisstey. B Generation of composite class-images from samples groups - one for each sensory defect

to establish volatiles patterns discriminative of spoiled hazelnuts (Corylus

e v’ patterns re-alignment by reliable 2D peaks and raw data summation (composite image)

Federico Stilo’, Erica Liberto’, Nicola Spigolon’, Giuseppe Genova', Gine
Mauro Fontana®, Stephen E. Reichenbach™", Carlo Bicchi’, Chiara Cordero’

]
=8.12E3
[40.0

Column | min

The effect of dominant variables (origin, harvest
year, cultivar, shelf-life etc..) is minimized while
the "signature" of mold sensory defect
emphasized - easier detection
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TTuumpes
L)

Mould
Mould-rancid-solvent
Rancid
Rancid-stale
Solvent
Uncoded KO ~

Comtents lises available st
s s CHEMISTRY
e Food Chemistry
£ slh

An effective chromatographic fingerprinting workflow based on ®
comprehensive two-dimensional gas chromatography — Mass spectrometry &%

to establish volatiles patterns discriminative of spoiled hazelnuts (Corylus
avell

L)
T owney

Reference OK samples

IR )
TTuwmnos

Column | min

Column I min I
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e
5
koo
Column | min Column | min
P —— o
Food Chemistry —
An effective chromatographic fingerprinting workflow based on )
comprehensive two-dimensional gas chromatography — Mass spectrometry |55
to establish volatiles patterns discriminative of spoiled hazelnuts (Corylus
avellana L.)
Fede: Gm‘c\m Rosso',
.o
Datapoint features
H inti H Primary alcohols
fingerprinting combined Y
L]
to peak-regions UT | ‘ W A e L G 1
fingerprinting Short-chain fatty acids
. o First Image Second Image
Computer vision and
. BlobID Compound ... Retention I Retenton II  Peak vValue BlobID Compound ... Retention I Retenton II  Peak Value
Ch e m Ica I patte rn s 9 Heptanoic acid 1027913.00F8 97 Heptanoic add 165949.000 §°
10 10.908 1.351) 2002502.0C 98|1-Decene 10,208 2.883 1655851.000
11 14,642 1,562 1919573.0C 99|3-Penten-2-... 12,658 1.021| 163385.000
12|Nonanoic acid 47,357 0,721 1150889,0C 100|0xirane, pe... 13,592 1.682| 152084,000
13 21.000 0,931 1722252.0C w» 101|1-Monene 7467 2.132|  151864.000| »
< > < >

e wme—— g e 7 L _Zmmoaas T



VOCs patterns distinctive of spoiled
hazelnuts guide effective classification
into seven classes.

v Octanoic acid guides the
classification tree being positively
correlated to mould;
y-nonalactone, y-hexalactone,
acetone, and 1-nonanol are
decisive to classify OK and rancid
samples;
heptanoic and hexanoic acids and
y-octalactone are present in high
relative abundance in rancid-

solvent and rancid-stale samples

@ o«

@ uncoded ko

[0.195, 1.429[

3@ 10
1@

y-Nonalactone

 \

[0.122, 0.180[ [0.180, 0.203[

1@ \
1
3@ ®

Acetone

T,

[1.244, 1.269]  [1.269, 1.892]

1@ 3@

‘ Rancid

. Rancid-solvent

[1.429, 2.735]

@ Rancid-stale

‘ Mould

9

Octanoic acid

2@ 10
2@

y-Hexalactone

>

[0.158, 0.206[ [0.206, 0.241[

[2.735, 5.064]

3@
2 O

Heptanoic acid

N
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@ WViould-rancid-solvent

- N

[5.064, 6.957[  [6.957, 8.192[

1@
3@ 2@

Hexanoic acid

/T

[0.929, 1.168] [1.168, 1.425[  [3.767, 3.947[ [3.947, 5.67]

2@ 20
3
2@ ‘1'\ 10\ 1@ 3@
1-Nonanol y-Octalactone
[0.190, 0.205[ [0.205, 0.239[ [0.154, 0.233[ [0.233, 0.376[
1 Q‘ 2@ 2 C‘ 2 .‘
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U;\\ Challenge 3

Our noses are busy beasts.

At any given moment, multiple
smells are competing for our
attention, and somehow the brain
can tell when it's smelling an
orange even against a backdrop
of other scents, say perfume or
soap.

The brain's olfactory bulb has
hundreds of receptors tracking
odors all the time, and yet
somehow keeps everything
straight. Scientists at Cornell
University working with
researchers at Intel have just
created an Al algorithm trained
to recognize 10 scents by
mimicking the mammalian
olfactory bulb (MOB).

Give the algorithm a computer
chip to run on and it can learn to
identify new odors.!

[1] https://bigthink.com/

nature

Rapid online learning and robust recall
in a neuromorphic olfactory circuit

Nabil Imam®' and Thomas A. Cleland®?

- ARTICLES
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Artificial Intelligence Smelling?
Context: Sensomics?

Principle: key-odorants and odorants patterns evoke
specific smells/aroma qualities while contributing to
define the overall flavor perception of a food

Methods: extract, isolate, quantify potent odorants
by reliable methods

Outcome: Sensomics-based expert system (SEBES)?2
capable to predict key-aroma signatures of food
without using human olfaction

2. Dunkel, A.; Steinhaus, M.; Kotthoff, M.; Nowak, B.; Krautwurst, D.; Schieberle, P.; Hofmann, T. Angew. Chemie - Int.

Ed. 53 (28) (2014) 7124-7143.
3. Nicolotti, L.; Mall, V.; Schieberle, P. J. Agric. Food Chem., 67 (2019) 4011-4022
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pubs.acs.org/JAFC

Characterization of the Key Odorants in High-Quality Extra Virgin
Olive Oils and Certified Off-Flavor Oils to Elucidate Aroma
Compounds Causing a Rancid Off-Flavor

Anja Neugebauer, Michael Granvogl, and Peter Schieberle® DAVb

(E,Z)-2,4-decadienal 4° <1 3480
hexanoic acid 460 <1 3070
octanal 140 <1 2590
green, grassy hexanal 300 4 1090
_ 3 \ (E)-2-octenal 1204 <1 1000

bieswaﬁ__:(lke’ I fruity (E,E)-2,4-decadienal 66 <1 971
oney-like 2 I \ butanoic acid 34 <1 821

\ acetic acid 350 10 614

) 1 , ' ) , 3-ethylphenol g4 <1 516

phenolic citrus-like pentanoic acid 400 <1 480
(E)-2-nonenal 140 <1 385

(E,E)-2,4-nonadienal 30 <1 325

) (Z)-2-nonenal 4 <1 144

sweaty metallic

heptanal 500 <l 39

trans-4,5-epoxy-(E)-2-decenal 13 23 78

vinegar-like deep-fried, fatty (E)-2-heptenal 1200 <1 66

(E)-2-decenal 22007 n.c” 33

Figure 1. Aroma profile analysis of the rancid olive oil (Ran0O1, (E,Z)-2,4-nonadienal 30¢ nck 33

solid line) and the premium extra virgin olive oil (PreOO1, dashed nonanal 6107 <1 27

line). 3-methylbutanoic acid 11 <1 20

(E,Z)-2,6-nonadienal 65 <1
(E)-2-undecenal 77007 <1

(E,Z)-2,4-heptadienal
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M Challenge 3

Develop a sensomics-based expert system acting as Al smelling machine

Multiple Headspace SPME
Accurate quantification / ESTD and RF ‘ ' l ‘ ' I ' ~5.09ES
; : | aMS I L
B Ll“‘i‘l x h.' ' LI l 'u
=T = 42 analytes i | s
key-aromas |} [ g - }_\'j.r‘\_e: :
- g, I
= markers - q it e |
‘J | J |J |J ‘ ‘J 2: pirees i '
E | ’ i _______ 6;7;2’?6% l sal rated aldehydes
Differential-flow modulator D - ; T~ | ‘
parallel detection gMS/FID ol ‘ ' i 1 ' 1l S ated aldek, l |
o~ i
o 110 ' [ {
E w , L | —
5 ' ' : + ! l" ' I. | I| ] lindarhlcohols |
& T . | |
- ' LOX signBtlire | ‘ J !I ! e ] : ' attyl#ciis B
_IIIIIIIHIIIIIIIII_I_I“I_I_l_rl__lnl_l_l_l“l_l_l_l“—lIIHIIIIlIIIIIIIIIIIIIIIII IIIIIIIE'IIIII|IIIIIIIIIIIIIIlllllllllllsye"74
|5‘o |10.o |15.0 |2o.0 |25.0 |3o.o |35.o 5 |4o.o |45.o lso.o |55.0
1D min
= ’- : " I | § Ll ! \ - R v - . I - y
= A% o A ‘ " H | ! i | _‘ t I Y
: " N0 "‘. ™ 0 ) g ,' v‘ ] lw“b | :_,M" | "' . "|“ | | ” | N
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B¥ Challenge 3

Extra virgin olive oil - EVOO
Identification of markers of i
origin and of sensory \
quality (i.e., positive
attributes and defects)
Al smelling

Italy - Regional
discrimination

Italy vs. Bratzil

HS SPME - HS linearity conditions

ISTDs Pre-loading

o and B-Thujone
100 mg/L (5.0 uL)

Methyl-2-octynoate\
1000 mg/L (5.0 uL)

\u 0.100 g u

Sampling
5 min
40°C
EVOO
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Predicted Relative
Response Factors (RRFs)
based on combustion
enthalpies and molecular
structure - FID
guantification without ESTD

Accuracy results on 25 ng calibration solution

50
45

w w b
o o

N
o

Estimated amount (ng
ook

=
o U1 O

B MHS-SPME MS
MHS-SPME FID

Hm Single IS MS

mSingle IS FID
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Challenge 3 BF%}IQ 181?18[)1
‘ ‘> 5 t | | i { é 4 b O uT features i
c} ¢$ ' % % $ b © Quantified analytes
. | | 6
. &M&l", L l‘l R ¢‘)¢ @t %
AGRICULTURAL 1. - Pt
FOOD CHEMISTRY 0e® =£(%¢qb% 16 Yo gk)
pubs.acs.org/JAFC 6¢ S ¢'¢ b q Ws76.74
'EII4IO.IOI|II'Il|4|5.I0I”|I|I|5=JF0|IIII|I|5I5PO :

Chromatographic Fingerprinting Enables Effective Discrimination

and Identitation of High-Quality Italian Extra-Virgin Olive Oils

Federico Stilo, Ana M. Jiménez-Carvelo,* Erica Liberto, Carlo Bicchi, Stephen E. Reichenbach,
Luis Cuadros-Rodriguez, and Chiara Cordero*
e 1-Penten-3-one -

Brazil blueperint

1-Penten-3-one -

Pungent
100.0

Contents lists available at ScienceDirect
Jexen-1-ol -

Journal of Chromatography A en grass

(2)-3-Hexenal - Green

journal homepage: www.elsevier.com/locate/chroma

(E)-2-Hexenal - Bitter
almond

areen

Delineating the extra-virgin olive oil aroma blueprint by multiple
headspace solid phase microextraction and differential-flow

modulated comprehensive two-dimensional gas chromatography zaldehyde -
Almond

(E,E)-2,4-Heptadienal
- Fatty

Federico STILO?, Mari’a del Pilar SEGURA BORREGOP", Carlo BICCHI? Sonia BATTAGLINOP®,
Raquel Maria CALLEJON FERNADEZ", Maria Lourdes MORALES?, _
Ste hen E. REICHENBACH ““, James MCCURRY ¢, Daniela PERONI'

Eucalyptol - Herbal

Chiara CORDERO*~
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Gestalt

...a configuration or
pattern of elements so
unified as a whole
that it cannot be
described merely as a
sum of its parts...

Accurate quantitative
fingerprinting/profiling

Chromatographic
Fingerprinting and
Computer vision




GC: The State of the Art November 01, 2017
Chairperson: Pat Sandra By Chiara Cordero, Pat Sandra, John Hinshaw, Hans-Gerd lanscen Frank

Participants: Steven Lehotay  David, Steven Lehotay

LI 1 ' Hans-Gerd Janssen
I Vi Chiara Cordero
. i Frank David

noun \ g9='stalt

understanding the whole,

GC: The State of the Art l

not merely the sum of Chiara Cordero: | see GCXGC growing in core
i parts. application areas, including petrochemical,
_ _ environmental, food and flavours, natural products, and
Chiara Cordero: @G8GI0) cannot be an alternative metabolomic studies, and in my research activity I've
T n@exec — met new users approaching this technique with curiosity
COISRIAISIMPEGE where a single dimension is not but also with many prejudices and false convictions. My
sufficient or selective enough to solve an analytical feeling is that we still are in the “induction period”.
challenge. However, one is still a multiple 1D-GC The possibility of applying @edicatealpatiern

recognition approaches to the analysis of 2D
chromatographic data opens new perspectives for
fiINGErprinting sStudiesy This last aspect is a key feature

of the technique and it will soon trigger the widespread
use of GCXGC in many fields. (ASTEXpErtsS and passionate
chromatographers we have to continue research in the

B— — Py
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5 BITORING Thank you for your attention

Prof. Carlo Bicchi Prof. Stephen E Reichenbach  Dr. Andrea Caratti  Dr. Simone Squara ACknOWIEdgmentS

Applications and Core

SQ\@ Technology University
Research (ACT-UR)

NAIRPNENIZ  Project #4294

Dr. Marta Cialieé Rosso PhD Dr. Alessandro Guglielmettti PhD
Software for Multidimensional Chromatograp

SOREMARTEC
Gruppo FERRERO

irmenich

Dr. Qingping Tao

Dr. Federico Stilo PhD Dr. Federico Magagna PhD



https://www.gcxgc-symposium.com/

19t International GCxGC Symposium
May 29 - June 2, 2022

Canmore, Alberta

GCxGC Awards

WELCOME PROGRAM SPONSORS

The preliminary outline of our scientific and
social program is now available!

On behalf of the GCxGC committee, | am

excited to welcome everyone to the 19th New this year, we will be holding an
International GCxGC Symposium to be advanced course as well as our familiar

held in beautiful Canmore, Alberta. introductory course. 'ﬁ wch em i Stry
We are planning this as a hybrid event so Click here to visit . . matte r's

that we can include as many people as the program page
possible. °

COVID-19 INFO !
Become a Sponsor |
We are committed to providing a safe in-

person meeting experience and facilitating

the navigation of travel requirements for our
attendees as much as we can. Please check o .
our Covid-19 Page for current travel

Prof. James Harynuk
University of Alberta
] Symposium Chair




