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Introduction
The Cheddared samples had greater levels of butanoic, 

hexanoic and octanoic acids. This can be attributed to the relatively 
high extent of lipolysis that is commonly desirable during cheese 
ripening. The Cheddar (medium cheese) and Parmesan cheese 
samples showed appreciable amounts of 2-methylpropanol, 
whereas the Mozzarella cheese sample contained relatively lower 
amounts of this branched alcohol, which was not detected in Edman 
cheese sample. 2-Heptanone amounts increased during ripening 
and were detected in all cheese samples except Parmesan, whereas 
2-pentanone and 2-nonanone were only observed in some of the 
samples. Edam cheese sample showed the highest levels of ethanol 
and 2-octanone, whereas Mozzarella cheese presented the highest 
content of 1-heptanol, and Parmesan showed relatively high levels  

 
of 2-nonanone and 2-ethyl-1-hexanol, as compared with the other 
tested cheese samples.

Results
Cheese aroma is a balanced number of volatile compounds, such 

as fatty acids, esters, carbonyl compounds and alcohols, originated 
mainly from the metabolism of different microorganisms and 
activities of milk enzymes. The aroma equilibrium between vapor 
and aqueous phases is expected to be influenced by non-volatile 
molecules, such as saccharides, enzymes and proteins that appear 
as potential partners for aroma-macromolecules interactions [1]. 
The matrix effect in which the extraction takes place, particularly 
temperature, pH, salt concentration content, has great influence on 
the extraction rate. On the other hand, cheese aroma components 
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belong to different classes of compounds with different polarities 
[2]. The efficiency of SPME-fibers on the extraction yield must 
be compared to decide which one is the most appropriate for the 
study of the aroma profile comparison of different cheese samples. 
Furthermore, the effect of heating temperature and extraction time 
of the sample vial on the analysis of headspace aroma components 
was also determined by measuring the GC peak area of total volatile 
compounds versus at different heating temperatures [3]. No 
sample extraction steps were used, except the addition of NaCl and 
eventually internal standard.

As the temperature of the sample vial increased, more molecules 
of cheese volatile components obtained energy from heating and 

moved to the headspace. The effect of temperature on gaseous 
sampling is complex. Temperature could affect the rate of diffusion, 
through the gas and distribution constants. At lower temperature, a 
slower diffusion rate would increase equilibrium times, and could 
cause an apparently low result as the equilibrium value would not 
have been reached within the normal sampling time [4]. In general 
terms, only compounds or groups of compounds with extremely 
strong odors have much influence on the cheese aroma. However, 
the effect of mixing odorous compounds is usually additive, but 
synergism and antagonism are known to occur. (Figure 1) illustrates 
the aroma grams (HS-SPME) of different cheese samples extracted 
with SPME-fiber (CW/DVB-65).
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Figure 1: Identified aroma cheese compounds: 1. Ethyl acetate, 2. Ethanol, 3. Dimethyl sulfide, 4. 2-Propanone, 5. Diacyl, 6. Ethyl 
butanoate, 7. 2-Heptanone, 8. Ethyl hexanoate, 9. 3-Methyl-1-butanol, 10. 2-Octanone, 11. 2-Methylpropanol, 12. Isoamyl acetate, 

13. 2-Nonanone, 14. Ethyl octanone, 15. Acetic acid, 16. Acetoin, 17. 2- Ethyl -1-hexanol, 18. 1-Heptanol, 19. 2,3-Butanediol, 
20. Butanoic acid, 21. 2-Undecanone, 22. Ethyl decanoate, 23. Hexanoic acid, 24. 3-Methylbutyloctanone, 25. Octanoic acid, 26. 

3-Methylbutyl decanoate, 27. Delta-decanoate, 28. Decanoic acid, 29. Dodecanoic acid, 30. Dodecanolactone.

The GC column (HP-FFAP fused capillary column, 25 m x 0.32 
mm id with 0.52 µm film thickness) was programmed from a low 
temperature, and consequently the desorbed analytes condensed 
at the head of the column and slowly eluted as the temperature is 
increased. The analytical conditions were as follows: injector 250 
°C and detector 300 °C were held constant during analysis; oven 

temperature was maintained at 40 °C for 5 min, followed by a linear 
programmed temperature from 40 to 200 °C at a rate of 5 °C.min-1. 
The carrier gas was helium, 28 cm.sec-1 at 40 °C. (Figure 1) shows 
the most representative cheese aroma components of different 
types of cheese: (a) Cheddar (medium cheese); (b) Parmesan; (e) 
Edman and (d) Mozzarella.
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Conclusion
The combination of HS sampling with SPME allowed us to achieve 

a typical aromatic profile and a relative composition of the volatile 
cheese components, including the free fatty acids up to dodecanoic 
acid in a single-step technique. The HS-SPME/GC methodology, 
used in this study for aroma profile determination, was easy, and 
under consistent sampling conditions volatiles can be extracted 
with good precision over a wide range of concentrations. Compared 
with traditional techniques, this methodology shows enormous 
advantages: solvent-free extraction (environment-friendly), low 
cost, and no need for previous sample preparation. The technique is 
a suitable method for characterizing and comparing cheese volatile 
profiles both among- and within-varieties and may provide means 

to monitor changes in levels of specific cheese volatile components 
during ripening time.
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