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VVolatile Organic Compounds (VOCs) are directly

related to important sensory-quality traits of food

as odor and flavor1

VCheese flavor is determined by VOCs generated

from milk fat, protein and lactose1

VFlavor is a key characteristic that determines

cheese quality and the acceptability of cheese

by consumers2,3

1Mallia et al., 2005; 2Liggett et al., 2008; 3Drake et al., 2010

General Introduction
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General Introduction

VThe quality characterization of cheese is important for

dairy industry and particularly for PDO cheeses

VThe cheese quality assessment requires low-cost,

rapid and no destructive instrument characterized by

the use of small quantity of sample

VTo study both environmental/technological factors and

genetic sources of variation on quality aspects
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General Introduction

V Techniques:

- SPME/GC-MS: Solid Phase Micro Extraction / Gas

Chromatography-Mass Spectrometry

- PTR-ToF-MS: Proton Transfer Reaction-Time of Flight - Mass

Spectrometry
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SPME/GC-MS

Fiber
SPME/GC-MS separation

and quantificationInjetion into GC
3g sample in vials

da 20 mL

VThe technique of Solid Phase Micro Extraction (SPME)

GC-MS requires a small amount of sample and permits

the isolation of volatile analytes from matrices both in the

solid and liquid states in a simple way

VSPME is used for the extraction and quantification of

VOCs in cheese

Delgado et al., 2010; Urgeghe et al., 2012
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PTR-ToF-MS

V PTR-ToF-MS is a direct injection mass spectrometric technique

V The volatile mixture to be measured is directly admitted, usually without

any pre-treatment

R = neutral volatile molecule

K = reaction coefficient for the protonation reaction

V The product ions (RH+) are then detected by a quadrupole mass

analyzer, and the quantitative estimation of their absolute concentration

in the original mixture can be derived by

Lindinger, 1998; Biasioli et al., 2011 7



Spectrometric techniques

SPME/GC-MS PTR-ToF-MS

Solvent free + +

Fast - +++

Compound identification ++ +

Reduced sample 

preparation + +++

Low detection limit ++ ++

Used in many areas of 

industry ++ +
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Outline
GENERALINTRODUCTION

DATASET«Cowability»

Å 1272 model cheeses from 1272 Brown Swiss cows in 85 farms of 5 dairy systems ofTrentino

Å Technological traits available:MY, quality, FA, Protein fractions,LDG, CFt, %CYs, RECs, FTIR-NIRS

Å Sensory traits obtained:VOCs SPME-GC-MS (n150), VOCs PTR-ToF-MS, sensory descriptors

Å Genetic informationon all cows: pedigree,55 candidategenes, 54.000 SNPs

DATASET«Juribello»

Å 7 cheese-makingsduring summer transhumance(mid June to mid September), 148 cows

Å 11 products: 4 type of milk, cream, curd, whey, ricotta, scotta, and ripened cheese (6 and 12 mo)

Å Traits: MY, quality, FA, LDG, CFt, %CYs, RECs,

Å Sensory traits: VOCs (SPME-GC-MS)

DATASET«Caseus Veneti»

Å 1.000 cheesesamples from 38 cheesecategories evaluated in 3 years

Å Traits: Physical traits, composition,FA, minerals,NIRS

Å Sensory traits: Simplifiedsensory descriptors,VOCs (PTR-ToF-MS)
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Preliminary study - SPME-GC-MS (Cowability)
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VA total of 55 VOCs per each model cheese were identified

Chemical Family n Example of odor in cheese

Alcohols 14 Sweet

Esters 13 Fruity

Free fatty acids 11 Fat, vinegar

Ketones 8 Earthy

Aldehydes 4 Grass

Lactones 4 Peach, coconut

Terpene 1 Plants

SPME/GC-MS
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ANOVA of 55 VOCs

Number of VOCs significantly affected (P < 0.05)

Instrument factors

(vat, days of GC analysis and order of injection) 

were often not significant
12

Traits n

Total VOCs 55

Dairy system 16

Days in milk 10

Parity 3

Milk yield 4
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3-methyl-1-butanol (green, fruity)

Formed by reduction of the aldehydes or by Strecker degradation of the amino acid leucine

This is the main volatile aromatic compound produced during cheese ripening and is

observed in many types of cheeses

Carbonell et al., 2002; Berard et al., 2007

TMR effect

Dairy system effect (P < 0.001)
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Butan-2-ol may be formed by reduction of 2,3-butandione (diacetyl) to butane-2,3-diol

by the starter bacteria, and subsequent reduction to butan-2-ol by non-starter lactic

acid bacteria activity during cheese ripening
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Phenotypic analysis PTR-ToF-MS (Cowability)
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PTR peaks/variables

PCA

Volatile fingerprint of 1,075 model cheeses

(619 peaks)

Select peaks above 1 parts per billion (threshold)

(314 peaks, 99.8 % of total intensity of initial data set)

Remove background noise 

(240 peaks, composed the final data set)

We identified 61 peaks (76.7% of the total intensity)  

on the basis of

150 model cheeses analyzed by SPME/GC-MS

Data 

interpretation
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ANOVA of 240 PTR peaks
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Traits n

Total PTR peaks 240

Dairy system 55

Days in milk 139

Parity 22

Milk yield 31

Number of peaks significantly affected (P < 0.05)



PCs characterization

Item r Tentative identification Odor in cheese

PC1

0.17 Ketones Earthy

-0.80 Ester, acids Fruity, sweet

PC2

0.20 Esters, acids Fruity, sweet

-0.62 Isoprene Plants

PC3

0.61 Ketones Earthy, sweet

-0.70 Acetonitrile

PC4

0.40 Propanoic acid Feet

-0.65 Pyrazine Nutty roast grain

PC5

0.55 Aldehydes Green

-0.61 Acetic acid Vinegar
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ANOVA (*P < 0.05; ** P < 0.01; ***P < 0.001; ns = not significant)

Effect PC1 PC2 PC3 PC4 PC5

Dairy system ns * ns ns ns

Herd, % total variance1 20 31 53 15 48

Days in milk *** *** ns ** **

Parity ** ns ns ns ns

Milk yield ns ns ** ns ns

Vat ns ns ns ns ns

RMSE2 7.2 4.1 3.1 3.9 2.8

1Herd/Test day effect expressed as proportion of variance explained by herd/test date

calculated by dividing the corresponding variance component by the total variance

2RMSE = root means square error
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Dairy system effect
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Relate with Esters and Free Fatty Acids (+0.20)

Relate with Ketones (-0.60)
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PC1 (28.3 % of total variance) PC2 (10.9% of total variance)

Relate with 

Esters, Free Fatty Acids (+0.20)

Relate with 

Ketones (-0.60)

Lactation stage effect

Relate with 

Esters, Free Fatty Acids (-0.80)
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Relate with 

Ketones (+0.17)


