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Overgripende prosjektmål i SMELL er å utvikle en prosess for å fremstille et lukt-
og smaksnøytralt proteinkonsentrat fra limvann av makrellavskjær for humant 
konsum i første omgang, og til petfood i andre omgang. 
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SMELL
Sub-aim: Elucidating chemical constituents eliciting specific taste and odor (smell) attributes

Chemical fingreprints
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Sensory attributes

NMR

Chromatography

GC-MS

Multivariate statistics



Qualitative correlation of NMR fingerprints of mackerel hydrolysates with sensory 
attributes
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The samples – 10 hydrolysates from enzyme screening

Different proteases were evaluated for sensory attributes (method: projective mapping) 
and analysed using NMR (1H NMR)
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Projective mapping («Napping»)

• En teknikk som benyttes for å vurderer prøver opp mot hverandre basert på sensoriske likheter 
eller ulikheter

• De sensoriske dommerne smaker/lukter på prøvene og blir deretter bedt om å plassere de I 
forhold til hverandre på et A3 ark eller ved bruk av et dataprogram

• Dommerne velger selv hvilke kriterier som skiller prøvene.
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Sensory data

Napping resultater - fordelt på to plotter 
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Viser hvordan enzymene grupperer etter likhet - ulikhet Viser hvordan smak er linket til enzymgruppering 



1H NMR data
Principal component analysis (PCA) as performed based on the NMR data to evaluate sample grouping and 
classifications  
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Sensory vs NMR

Similar sample grouping were observed indication that there is a strong correlation between the NMR fingerpints and 
sensory attributes of the hydrolysates
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Quantitative correlation (NMR Vs attributes) and chemical interpretations
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18 samples: 

• 4 different enzymes and enzyme 

concentrations

• Filtration: crude, retentate and filtrate

NMR: 1H NMR, and 2D HSQC, HMBC, COSY

The samples Resulting 1H NMR spectra
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Enzyme Dose 

Foodpro PNL 0.10 %

Foodpro PNL 0.50 %

Endocut 01 0.10 %

Endocut 01 0.50 %

Alcalase 0.50 %

Bromelain 0.50 %

Crude, retentate and permeate from each
reaction analysed



NMR
Detailed profiling 
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Some of the side products
have been identified as 
A Lactic acid
B TMAO
C TMA 
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Kvantitativ beskrivende analyse 
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Predicting bitter taste from NMR spectra

From sensory evaluation
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Ney, K. H. (1971), Prediction of bitterness of peptides from their amino acid composition. Zeitschrift für Lebensmittel-Untersuchung und -Forschung 147:64

The aliphatic side chains of
peptides have been reported to 
correlate with bitter taste

No correlation
Carbonyl carbon

NMR (HMBC)
Correlations
Aliphatic carbons



Volatiles (GC-MS) and odor
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Flyktige stoffer
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Her finner vi:

• Aminer (TMA)

• Lipid oksidasjonsprodukter (heksanal, heksanal, 2-penetal, 1-penten-3-ol, 2-heksenal, 2,4-heptadienal, nonanal, 3,5-oktadien-2-on)

• Protein oksidasjonsprodukter (butanal, 2-og 3-metylbutanal, 2-propenal, benzaldehyd, dimetyltrisulfid m.fl.)

• Others (Strecker, Maillard, kondensasjon produkter)



Volatile compunds (PCA)
Standardised PCA – 39 compounds, present in at least 75% of samples

Coloured by Enzyme
-VOC profiles affected by enzyme choice

Coloured by Fraction
-VOC profiles not driven by fractionation



PCA of the sensory evaluation
VOC as supplementary variable, selected from ffmanova results

Lipid oxidation products (such as hexanal) 
were shown to correlate with both rancid 
and bitter attributes



PCA of the sensory evaluation
VOC as supplementary variable, selected from ffmanova results

Lipid oxidation products (such as hexanal) 
were shown to correlate with both rancid 
and bitter attributes



Volatiles 

• Correlation of the lipid-oxidation product hexanal
with rancidity 0
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The lipid oxidation product hexanal Vs rancidity 



Summary

• Lipophilic AA’s and/or metabolites, such as TMA, seems appear to correlate with 
bitterness (NMR)

• Volatiles from hydrolysates constitutes both lipid and protein (co-)oxidation products, 
among other metabolites such as TMA 

• Lipid oxidation products such as hexanal seems to drive both undesired odour and 
flavour attributes    
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Thank you – Questions? 




