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Specificity - Molecular fingerprint

High sensitivity

Accurate mass information

m/z

No confirmatory attitudes 

No molecular diagnosis

Limited linearity range

Response stability over time could be an issue

High stability over time

Broad linearity range

Use of FID-predicted RRFs 

FIDMS

• Comprehensive GC×GC is fundamental for analyzing complex samples

• Profiling, fingerprinting, group-type analysis the most common approaches

• Different detectors can be coupled with the chromatographic system

• Most common are Mass Spectrometry (MS) and Flame Ionization detector (FID)

Context 



Chromatographic fingerprinting based on GC × GC patterns enables efficient cross-comparative analyses 

for samples discrimination and identitation. With MS detection the process has profiling attitude 

informing about chemical composition. It is a high-throughput process capable of unravelling 

compositional differences between samples

(IMAGE) PATTERN RECOGNITION

Specificity level 1 relative retention 1tR and  
2tR

Specificity level 2 EI fragmentation pattern similarity 

Context 

Untargeted/ Targeted fingerprinting

Step 1 - Untargeted Template Construction

Beginning with several chromatograms randomly selected from all batches

• Pre-processing: file import, rasterization, colorization, baseline correction, 2D 

peaks detection and integration

• Comprehensive pair-wise peak matching

• Determination of reliable registration peaks (most relaxed constraint)

• Alignment of 2D chromatograms 

• Generation of a composite chromatogram

• Definition of pattern of peak-regions for all detected 2D peaks

• Building of feature templates with reliable peaks and peak-regions

Step 2 - Cross-Sample Analysis 

Feature template built at Step 1 is matched on all sample images 

• Template matching for reliable peaks and peak-regions

• Alignment of peak-regions relative to matched peaks

• Save processed chromatograms and export re-aligned metadata



Context – Specificity in Pattern Recognition MS/FID

2D-peaks have unique time 

coordinates  (retention times) 

Additional metadata informative 

for identity and concentration

✓ MS spectrum 

✓ Detector response

✓ Diagnostic ions/ratios

✓ LRI …

Peak spectrum for Blob 16 - Compound Name: M LevomentholHead to Tail MF=968 RMF=976
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Peak spectrum for Blob 16 - Compound Name: M LevomentholHead to Tail MF=968 RMF=976
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Scripting:

(Match@peak("<ms>") >= 750.0) & 

(RMatch@peak("<ms>") >= 750.0)

Matching specificity 

is verified by MS 

spectral similarity 

(NIST Match Factors) 

between reference 

and target peak MS 

spectra

Matching specificity 

is verified by MS 

spectral similarity 

(NIST Match Factors) 

between reference 

and target peak MS 

spectra



Context – common application
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Specificity - Molecular fingerprint

High sensitivity

Accurate mass information

m/z

No confirmatory 

No molecular diagnosis

Limited linearity range

Response stability over time could be an issue

High stability over time

Broad linearity range

Use of FID-predicted RRFs 

FIDMS

Channel 2 data processing 

+

Fusion of data into a single matrix

Channel 1 data processing 



Current application
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Specificity - Molecular fingerprint

High sensitivity

Accurate mass information

m/z

No confirmatory 

No molecular diagnosis

Limited linearity range

Response stability over time could be an issue

High stability over time

Broad linearity range

Use of FID-predicted RRFs 

FIDMS

• Fusion of chromatograms

• Data processing for fused 

chromatograms

Single data matrix

+

FID responses

TIC responses

Quant responses

•  

•  

•  



Development of MS/FID signal fusion workflow

After preprocessing the MS and FID channels separately, a new image with both traces is 

created through the use of a script

2D-peaks have unique time 

coordinates  (retention times) 

Additional metadata informative 

for identity and concentration

✓ MS spectrum 

✓ FID response

✓ Diagnostic ions/ratios

✓ LRI …

FID channel coded in 0 m/z fragment



Allergenes mixture

Raw fragrances profiling

Applications

Corylus avellana L.

Food volatilomics fingerprinting 

Samples – Quantitative profiling

Cultivars

Harvest regions (Italy and Turkey)

Storage times (0-6-12 months: T0-1-2)

Samples – Profiling

Allergens mixtures

Quantification of regulated substances (≈ 60 allergens)1,2

Qualification of different raw fragrances 

1Regulation (EC) No 1223/2009 on cosmetic products, November 2009  2Commission Regulation (EU) 2023/1545, July 2023



Processing: 30 FID images

Reliable peaks: 96

Detected peaks: 445

Peak matching by position

Pattern Recognition Results

Processing: 30 MS images

Reliable peaks: 20

Detected peaks: 210

Peak matching by position and MS 

Processing: 30 fused images

Peak matching by position and MS 

Responses: FID (m/z 0), TIC, single Ion 

(Qualifiers/quantifiers)

Quantification: FID predicted RRF

Reliable Peaks: 

2D peaks matching in 

50% of the analyzed 

images
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FID specificity
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Classification and Markers Quantification Results

MHS-SPME enables accurate quantitation of 45 markers (ESTD and response factors) 

including

secondary products of lipid oxidation (hexanal, heptanal, octanal, nonanal, (E)-2-octenal, (E)-2-

nonenal )

key-aroma compounds (3-methylbutanal, ethyl 2-methylbutanoate, (E)-β-damascenone, 

2-nonanone, heptanoic acid etc);

markers of defect (nonanoic acid, butyric acid, 4-heptanol, 1-pentanol, propanoic acid, 2-

heptanol, pentanoic acid etc)
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Processing: Fused images with 3 channels

Peak matching by position and MS spectrum

Responses: FID (m/z 0), TIC, single Ions (Qual/Quant)

Processing: FID images 

Peak matching by position 

Quantification by external calibration or predicted RRFs1

Profiling Results

Processing: MS (70eV) images 

Peak matching by position and MS spectrum

Identification with standard database 

FID

MS

70 eV

Fused

Processing: MS (12eV) images

Peak matching by position and MS spectrum

Limited fragmentation, method flexibility and specificity 

MS

12eV

1 De Saint Laumer, J. Y., Cicchetti, E., Merle, P., Egger, J., & Chaintreau, A., Analytical Chemistry, (2010), 82(15), 6457–6462.



Profiling Results

m/z 236 m/z 152

m/z 136m/z 139

TICFID data stream

Possible issue: FID 

co-elution cannot 

be solved and 

quantitation 

results inaccurate

Solved

Possible issue: 

Wide dynamic 

range of linearity 

to be exploited 

with the 

processing of 

three data stream 

with three 

different workflow

Solved



Future perspectives

SEVERE MISALIGNMENT

Pattern recognition can 

solve the problem by the 

allignment and registration 

of images

Conclusion

Opportunities
Chromatographic resolution

Specificity – Exploiting multiple 

        channels

Fusion of parallel raw data

Sensitivity

Challenges
• Pattern complexity

• Accurate fingerprinting

• Different data streams to be 

processed 

Primary column Secondary column

Tee-union

FID

MS 

Modulator



Thank you for 
your attention
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