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► We use leading edge analytical methods, 

combined with trained human noses to 

unravel the molecular origin of odours and 

pinpoint the odour relevant compounds.  

 

 

► An understanding of the chemical origins of 

the characteristic smell in your product or 

material is key in improving the sensory 

experience or matching it using more 

economical ingredients. 

MOLECULAR ANALYSIS 
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MOLECULAR ANALYSIS: How can we help? 
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GC-ToFMS GC-Sniffing GC-IMS 
Ion mobility spectrometry 

•high-resolution GCMS/TOF 

to measure compounds in the sub-ppt 

range 

•chemical separation is combined 

with a sniffing port to identify 

specific odour relevant compounds 

•detection of various target 

compounds within a few minutes 



► To answer the question "Which volatile organic compounds (VOCs) are 

present in this odorous sample and what is their abundance in the aroma 

mixture?" we offer GC-ToFMS.  

 

► Our lab can detect and identify compounds at very low concentrations (ppt 

levels), just like the human nose.  

 

► We can detect odorants at these low levels of concentration where they 

become odour relevant as olfactive stimulus. One aroma analysis typically 

yields hundreds of identified compounds. 

High-resolution GC-ToFMS analysis 
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Thermal desorption 

GC-MS 

Mass spectrometer: TOF 

Olfactory detection port 

      (ODP) 

MOLECULAR ANALYSIS: INSTRUMENTATION 
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MOLECULAR ANALYSIS: THERMAL DESORPTION 

Thermal desorption 
Autosampler 
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► The perceived odor of a product is the result of the contribution of many individual odors 

in a definite proportion.  

► GC-Sniffing makes it possible to find out which compounds smell – and what they smell 

like – and which ones don’t. 

► The identification of these odorants need a chemical detector able to determine the 

molecular identity and an olfactory detector who determine the molecules smell or not 

and what do they smell.  

 

► GC-Sniffing combines both detection system in a single analysis. 

GC-Olfactometry/GC-Sniffing analysis 
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MOLECULAR ANALYSIS: SNIFFING PORT 

Sniffing port 
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MOLECULAR ANALYSIS: GC-SNIFFING 
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MOLECULAR ANALYSIS: GC-SNIFFING 
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Why GC-sniffing? 

 GC-O is a technique allowing for the selective detection of odour relevant compounds by 

human nose. 

  Most volatile organic compounds (VOC) are not aroma relevant 

  Aroma value concept: a compound is relevant, when it occurs above its odour threshold 

 

 No other technique is able to replace GC-O 

 

 Various types of electronic noses exist, but none has the capabilities of a human nose 

 

 Human nose is very sensitive sensory instrument with a high performance. 
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I. Success of the analyses depends to a large extent on the ability of the assessor(s). 

 

II. Because the human nose is more sensitive than the chemical detector, many odours 

can be left without spectral representation (no chromatographic signal is 

recorded). 

 

III. It is a slow technique, no more than 1 sample/day for a correct analysis. 

 

IV. Data processing can take days. It is not possible to offer a quick service. 

 

V. It is common for unpleasant odours (of interest to the client) to be left without 

chemical identification (they are often present at low concentrations). 

 

VI. High risk of errors in the chemical identification of odours (if a rigorous confirmation 

pattern is not followed). 

 

VII. Some perceived odours may be a mixture of 2 or more co-eluted odour compounds. 

Chemical identification may not be possible 

 

Limitations of GC-sniffing 

Ideally, we can identify 40-50% of all odours in the sample. 
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Target industries: GC-sniffing 
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More attractive fragrance, 

or change the formula  
Release of volatiles after application 

on skin or hair or GC-O. 

Optimize the smell and understand the changes during 

shelf life by unravelling the molecular nature of aroma. 

Do you suspect off-notes 

in smell or taste from 

packaging 

Test automotive 

component compliance 

for smell or VOC’s using 

international standards,  

Certify detergent effectiveness 

for malodour reduction or the 

competitive performance of 

your detergent? 

Testing for odour reduction 

efficacy, identification of off-

notes 



            Molecular Analysis : What we can do? 

1.- What causes the off-flavour or off-note? 

-Packaging, plastics, foams…, shelf life studies, complaint, cause identification 

2.- What are the key molecular determinants of the product smell? 

3.- How to optimise the affective value of my product? 

-Subtract a molecular component 

-Add a molecular component 

-Replace ingredients by cheaper alternatives 

4.-How to reduce cost of product without loss of sensory quality 

5.-Determination of odour fingerprints/ comparative in products 
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How does GC-sniffing works 
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▪ Assessors should not smell continuously for more than 15 minutes (ideally 10 minutes). 

 
▪ 2 trained olfactory assessors 

 

Analysis 1 

 

Analysis 2 

 

Analysis 3 

 

Analysis 4 

 

Time (min) 

 
Value Mean Characteristic 

1 
Faintly 
perceived 

Sometimes, 
difficulty to 
describe 

2 Perceived Noticeable 

3 Strong 
Very well 
perceived 

4 Very strong 
Nasal 
saturation 

5 
Extremely 
strong 

Only extreme 
cases (Cause 
interruption of 
sniffing 
process) 

Intensity scale 

GC-sniffing methodology 
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Methodolody: Direct intensity: use a scale to measure the intensity and the odour 

descriptor of the eluting compounds with 2 assessors.  

Sample: 5 hours analysis 



Sensenet Project References 

19 

Project Sector

Volatile organic compounds (VOCs) monitoring 

by GC-ToFMS of indoor air samples in cars

Molecular and sensory determination of impurities

in Rhamnolipid L by TD-GC-Sniffing-ToFMS

Determination of aldehyde compounds in 12 silicone

samples by HPLC

Characterization of samples of foam material for

mattresses by GC-Olfactometry

Molecular and sensory determination of impurities in 

2-Ethylhexyl p-methoxycinnamate by TD-GC-Sniffing-ToFMS

Odour reduction efficiency assessment of materials 

(shoe insole) intended to treat foot malodour

GC-ToFMS analysis in human sweat samples Deodorants

Automotive

Chemical

GC-MS and GC-Sniffing analysis in metal fluid samples Chemical

Consumer goods

Consumer goods

Cosmetics

GC-sniffing analysis comparison of capillary products Cosmetics

Deodorants



Sensenet Project References 
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Project Sector

Molecular determination of lactic acid used in food sector 

by TD-GC-Sniffing-ToFMS

Determination of the dominant aroma compounds in four 

different black tea samples, using GC-ToF-MS and GC-O analysis

Determination of aroma molecules in strawberry extracts 

by GC-MS

Molecular and sensory determination of impurities in aroma 

chemicals by TD-GC-Sniffing-ToFMS

Efficacy of two air fresheners in odorant reduction 

by TD-GC-ToFMS

Incontinence products 

& diapers
GC-MS and GC-Sniffing analysis in diaper samples

NonwovenGC-MS and GC-Sniffing analysis in superadsorber samples

Fragrances

FragrancesGC-sniffing analysis in chicken aroma production samples

GC-Olfactometry assessment of an off odour in a Vitasoy Beverage Foods

Fragrances

Food

Foods

Foods



Sensenet Project References 
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Project Sector

Molecular determination for off odors in tea pouch 

by TD-GC-Sniffing-ToFMS 

VOCs and odours analysis by means of GC-O-(TOF)MS and VDI3882 

tests of Hot Melt adhesive samples

Testing of malodour reduction in plastic films based on determination 

of target molecules by GC-ToFMS

Plastics & PackagingGC-MS and GC-Sniffing analysis in polymer/pellets samples

Plastics & PackagingGC-ToFMS analysis in polymer samples

GC-MS and GC-Sniffing analysis in adhesives samples

Plastics & PackagingGC-MS and GC-Sniffing analysis in plastics samples

Plastics & PackagingGC-MS and GC-Sniffing analysis in fibers samples

Plastics & Packaging

Plastics & Packaging

Plastics & Packaging

NonwovenGC-MS and GC-Sniffing analysis in nowoven samples 

Plastics & Packaging



Sensenet Project References 
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Project Sector

VOCs and odours analysis by means of GC-O-(TOF)MS and VDI3882 

tests of Hot Melt adhesive samples for wetness indicator

Cigarette odour reduction performance of treated textile fabric 

against untreated fabric by GC-ToFMS

Molecular determination of compounds responsible for malodours 

in fabric samples by TD-GC-Sniffing-ToFMS

Textiles

Textiles

Sensory and chemical analysis of textiles samples (Mexico) Textiles

Plastics & Packaging

Plastics & PackagingGC-ToFMS analysis for urine samples applied in nonwoven material
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GC-O – Case Studies: Off-notes Identification 

 -Get enough sample amount of ‘good’ and ‘bad’ samples for analytical comparison 

 -Execute sensory testing with ‘good’ and ‘bad’ samples 

 -Define differential attributes between both samples 

Beverages Packaging Cosmetics 

Plastics and foams 
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Case study 1: Tea samples 

Starchy & Cooked potato off-notes 

    Samples    vs     benchmark 

Micro-chamber dynamic headspace 

 Determine the relevant odour compounds causing changes in aroma complex in tea-based liquid 

products which have undergone heat treatment  
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Case study 1: Tea samples 

Odorants perceived during GC-O process and chemically identified by TOFMS. 

 Higher concentrations in some 

identified compounds responsible 

for potato odour notes in heated 

tea samples vs benchmark 

 During GC-O analysis, the 

assessors perceived odours like 

starchy and potato in 6 different 

times. All of them were 

chemically identified. 

RT Compound CAS No. Odour

4,5 Hydrogen sulfide 7783_06-4 rotten eggs

6,4 methanethiol 74-93-1 cabbage, garlic, gasoline, pungent, putrid

9,5 Acetone 67-64-1 chemical, ether, nauseating, pungent

9,7 Dimethyl sulfide 75-18-3 cabbage, gasoline, organic, sulfur, vegetable sulfide

12,0 Propanal, 2-methyl 78-84-2 burnt, caramel, cocoa, cooked, green

16,9 Butanal, 3 methyl 590-86-3 almond, cocoa, fresh green, malt, pungent (potato)

17,2 Butanal, 2-methyl- 96-17-3 almond, cocoa, fermented, hazelnut, malt (potato)

18,5 1-Penten-3-one 1629-58-9 fish, green, metal, mustard, pungent

18,9 Pentanal 110-62-3 starch (potato), caramel, butter

20,0 Acetic acid 64-19-7 acid, fruit, pungent, sour, vinegar

22,7 1-Pentanol 71-41-0 balsamic, fruit, green, pungent, yeast (potato)

23,5 Hexanal 66-25-1 grass, tallow, fat

24,0 2-methylpropanoic acid 79-31-2 burnt, butter, cheese, rancid, sweat

24,3 1H-Pyrrole-1-ethyl- 617-92-5 chemical, roast

26,1 Furfural 98-01-1 potato, roasted, savory

26,6 (Z)-3-hexen-1-ol  928-96-1  grass, green fruit, green leaf, herb, unripe banana

26,7 Butanoic acid, 3 methyl 503-74-2 sweat, acid, rancid

27,1 Butanoic acid, 2-methyl- 116-53-0 butter, cheese, fermented, rancid, sour

27,8 Heptanal 111-71-7 fat, rancid, citrus

28,3 Pyrazine 2,5-dimethyl- 123-32-0 chocolate, roasted nuts, earthy, potato chips

30,3 Methional 3268-49-3 cooked potato, earthy

31,6 Octanal 124-13-0 fat, soap, lemon, green

32,7 1-Hexanol, 2-ethyl- 104-76-7 floral, oily, sweet, rose, green

34,1 Benzeneacetaldehyde 122-78-1  berry, geranium, honey, nut, pungent

34,8 Linalool oxide 5989-33-3 earth, flower, nut, root, vegetable

36,6 Phenylethyl Alcohol 60-12-8 fruit, honey, lilac, rose, wine

38,3 Decanal 112-31-2 floral, green, orange peel, penetrating, tallow

40,5 Carvone 99-49-0 basil, bitter, caraway, fennel, mint

 Around 40% of the total odours 

perceived by assessors were 

identified. 
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Nalophan bag static headspace Headspace collection (tenax tubes) 

Case study 2: Packaging 

Off-notes identification: sulphury notes 

 Detect off notes in food coming from the packaging.  
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Case study 2: Packaging 

 Four sulphur compounds were 

identified from the packaging 

(S4), generating a garlic odour in 

the ice cream. The compounds 

identified were dimethyl 

disulphide, diallyl sulphide, diallyl 

disulphide and isopropyl 

disulphide 

  Recycled cardboard causes 

contamination of ice cream.  

 Selection and quality of the 

packaging to ensure that the 

packaging itself is not a source of 

substances that can adversely 

affect the organoleptic properties 

Ikovats RT (min) Odor descriptor Compound CAS no. S1 S2 S3 S4

502 9,2 dulce, floral, alcohol Ethanol 64-17-5 2 2 2 3

567 11,9 dulce, tostado, fruto seco Unknown 2 2 3

608 13,7 dulce, goma, pintura Unknown 2 1 3

628 14,7 afrutado, pungente Butanal 123-72-8 2

670 16,8 rancio, tostado, betún Unknown 3 1 3 3

678 17,2 fruto seco, cartón, dulce 1-Propanol, 2-methyl- 78-83-1 2 3

700 18,3 gasolina, cremoso, cartón Unknown 1 1

713 18,9 almendra, dulce, aceitoso 1-Butanol 71-36-3 2 1 1 3

736 20,0 graso, dulce Pentanal 110-62-3 1 1 2

749 20,6 alcohol, verde, gasolina Unknown 1 2

781 22,1 garlic, sweet, spicy Disulfide, dimethyl 624-92-0 1

790 22,5 aceite, gasolina, verde Unknown 3 1

796 22,8 dulce, solvente, perfumado Toluene 108-88-3 3 2 3 3

811 23,5 verde, vegetal, afrutado Unknown 3 2 3 3

820 23,9 afrutado, sulfuroso, especiado Unknown 2 1

826 24,1 aceitoso, desagradable Butanoic acid, ethyl ester 105-54-4 2 1 1 3

842 24,8 fresco, verde, metal Hexanal 66-25-1 2 2 1 2

844 24,9 medicinal, afrutado, dulce Unknown 3 2 3 3

848 25,1 medicinal, orgánico, dulce Unknown 3 3

888 26,8 aceite, verde, metal Unknown 2 2 2

891 26,9 garlic, earthy Diallyl sulfide 592-88-1 1 3

900 27,3 tostado, arroz cocido, medicinal m,p-xylene 108-38-3 3

908 27,6 dulce, goma, lácteo Unknown 3 3

920 28,1 aromático, resina, fresco Unknown 3 2 4 3

925 28,3 orgánico, ajo cocido, cartón Unknown 3 1 3 3

933 28,6 tostado, queso, pies Unknown 3 3 2

944 29,0 graso, dulce, pegamento Heptanal 111-71-7 3

955 29,5 resina, dulce, perfumado a-Pinene 80-56-8 2 2 3 2

1075 33,9 tostado, dulce, aromático Unknown 2 1 3

1087 34,3 ajo, metálico, gasolina Unknown 2 1 2 3

1100 34,8 cartón, plástico, dulce Unknown 3 2 3 3

1133 35,9 sulphur, urine Diallyl disulphide 2179-57-9 2 1 1 2

1153 36,5 floral, dulce, aromático Nonanal 124-19-6 2 3

1154 36,6 garlic, vegetal Isopropyl disulfide 4253-89-8 1 2 3

Intensity

Sulphury off-notes 
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Case study 2: Packaging 

Off-notes identification: sulphury notes 

Spider chart representing a general profile and a sensory comparison of the samples 

 Sample 4 corresponding to the 

packaging is highlighted by 

olfactory notes of toasty, sulphur 

and chemical 

28 

http://www.sensenet.net/


www.sensenet.net | UK | SPAIN | FRANCE | BRAZIL | INDIA 

Case study 3: Cosmetics 

Off-notes Identification: putrid anf sulphury notes 

Micro-chamber dynamic headspace 

 Detect off notes in raw material for cosmetics and hair product 
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Case study 3: Cosmetics 

Off-notes Identification: putrid and sulphury notes 

KI(*)  MS identification                               CAS nº                    Odour descriptor   

300 Hydrogen sulfide 7664-93-9 putrid, rotten eggs  

551 Carbon disulfide 75-15-0 putrid, sewer  

730 Diethyl sulphide 352-93-2 sulphurous, meaty  

970 Diethyl disulphide 110-81-6 sulphurous, cabbage  

976 Ethyl 2-thiolpropanoate 19788-49-9 sulphurous, green  

1088 2-Mercaptopropanoic acid 79-42-5 sulphurous, organic  

1213 Diethyl trisulfide 3600-24-6 sulphurous, onion  

 

 The biggest challenge for 

cosmetic producers is to 

achieve masking of these 

odour-generating compounds in 

order to improve the overall 

perception of the product. 
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Case study 4: Polymer and foam 

Off-notes identification: fishy notes 

Micro-chamber dynamic headspace 

 Plastics & polyurethane foam, a raw material for the manufacture of consumer 

goods 

Nalophan bag static headspace 
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Case study 4: Polymer and foam 

Ikovats RT Odour descriptor Compound CAS no. Control Odour Category

412 6.2 solvent-like Acetaldehyde 75-07-0 3

780 21.3 chemical, plastic Unknown 3

939 28.0 toasty, burnt Unknown 2 2

1128 34.6 chemical, green Bis(2-(Dimethylamino)ethyl) ether 3033-62-3 3

1156 35.5 chemical, burnt Unknown 3 3

1273 39.1 chemical, plastic Unknown 2 3

1325 40.6 chemical, nutty Unknown 3

1444 43.9 chemical Unknown 3 3

634 14.3 butter 2,3-butanedione 431-03-8 2 2

1153 35.4 fatty, aldehydic Nonanal 124-19-6 2 2

1386 42.3 fatty, smoke Unknown 2 2

424 6.5 fishy, pungent Dimethylamine/Trimethylamine 124-40-3/75-50-3 2 4

1079 33.0 pungent, toasty Triethylenediamine 280-57-9 2

1197 36.8 green, humidity Unknown 2

1592 48.1 green, vegetal Unknown 3 2

905 26.7 meaty, pungent Unknown 3 3 Meaty

953 28.5 chemical, plastic Unknown 3

958 28.7 nutty, roasted Pyrazine, ethyl- 13925-00-3 3 3

971 29.2 toasty, humidity Unknown 3 3

1024 31.1 toasty, burnt Unknown 3

1237 38.0 nutty, toasty Unknown 2

1260 38.7 nutty, toasty Unknown 3 3

1407 42.9 toasty Unknown 2

436 6.8 fecal, putrid Methanethiol 74-93-1 2 4

851 24.4 sulfury, meaty Cyclopentanone 120-92-3 3 3

1029 31.3 organic, humidity Unknown 2 3

Putrid/Sulfury

Intensity

Chemical

Fatty

Fishy/Pungent

Green

Nutty/Toasty

.  

 identification of key 

compounds that 

generate fishy off-

notes. Among them we 

found dimethyamine 

and trimethylamine as 

main responsible 

Some odorants perceived during sniffing process and chemically identified by TOFMS. 
Fishy off-notes 
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Case study 4: Polymer and foam 

Off-notes identification: fishy notes 

Spider chart representing a general profile and a sensory comparison of the samples 33 

http://www.sensenet.net/


www.sensenet.net | UK | SPAIN | FRANCE | BRAZIL | INDIA 

GC-O Chromatic graph 

22 55 

Comparative chromatic map which represents a general sensory description of all samples evaluated 

according to odour categories and the values of intensity perceived during GC-O. Colours represent the 

scale of values from 1 to 5.  

The most important colour concentration is in the range from descriptor 29 to 58, which correspond to sweet, 

synthetic and earthy descriptors. Specifically, descriptor 22 (green) and 55 (earthy) appear as an intensity 3 

in S3.  
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CONCLUSIONS 

 The GC-O technique is a powerful tool to identify the chemical name of aroma active 

compounds, since most volatile organic compounds (VOC) are not aroma relevant.  

35 

 No other technique can replace GC-O, since none of them have the capabilities of a 

human nose.  

 There are many applications that require GC-O, the most important is quality control 

(characterization of raw materials or final products, aroma specifications, ensure stable 

products or same product quality made in different locations) and identification of off-

notes.  

 Other applications of GC-O are new product development, optimization of existing 

processes, and assessment and optimization of new technologies. 

 The chemical and sensory identifications of off-notes are very important, as they 

allow acting directly on the product, for example by changing the production chain or 

eliminating the raw material causing the undesirable odour.  

 Improved processes or materials with lower VOC emission potential should be used to 

minimize VOC sources in foods and products and materials. 
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Thank you! Questions? 

Sensory Expertise delivered worldwide 

http://www.sensenet.net/

