1 2 3 4 8 ways Gas Chromatography-Olfactometry device 1: GC-MS; 2: Effluents divider; 3: 8 transfer lines; 4: eight booths with terminals of olfaction for simultaneous olfactory detection by 8 judges in one single GC run.

CONCLUSION

The aim of this study was to acquire knowledge about volatile sulfur compounds (VSCs) of cooked ham, which are poorly described in the literature, because the analyse of these compounds is particularly difficult. Indeed, they are (i) present at trace levels (limited production during the cooking at low temperature : T < 70 °C) and are furthermore (ii) very difficult to extract and to detect due to the high chemical reactivity of thiols and their instability during each step of analyse.

Here we report on the implementation of different methods of extraction, gas chromatographic analysis and detection to achieve an extensive identification of VSCs in industrial hams: Headspace-Solid Phase Microextraction coupled to the Comprehensive Gas Chromatography-time of flight Mass Spectrometry (HS-SPME-GCxGC-MStof), Dynamic Headspace coupled to the Gas Chromatography-Mass Spectrometry (D-HS-GC-MSquad), and a specific extraction of thiols with 4-(hydroxymercuri)benzoic acid sodium salt (p-HMB) (adapted from [1]) followed by a GCxGC-MStof analysis. An exhaustive detection of odorants was performed by Dynamic Headspace coupled to the 8 ways Gas Chromatography-Olfactometry (D-HS-GC-8O) followed by Heartcut Gas Chromatography-Mass Spectrometry/Olfactometry (D-HS-GC-GC-MS/O) analyses to resolve the co-eluting odor zones.

MATERIALS and METHODS

The 8 ways Gas Chromatography-Olfactometry allows an exhaustive olfactory detection of odorants [2,3].

Heartcut Gas Chromatography-Mass Spectrometry/Olfactometry (GC-GC-MS/O) is an efficient tool to identify odorants.
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Identified sulfur compounds 8 ways GC-O aromagram of a cooked ham

• This aromagram shows the important role of sulfur odorants in cooked ham and reveals that only 7/35 compounds identified by mass spectrometry are perceived by olfactometry. • Among these sulfur odorants, sulfides, methional, 2-methyl-3-furanthiol and methyl 2-methyl-3-furyl disulfide have very low detection thresholds (0.001-0.0025ng/L in air, [5]) • Olfactometry analyses indicate that pure 2-methyl-3-furanthiol and pure methyl 2-methyl-3-furyl disulfide have "meaty" odors very similar to the odor of cooked ham.

RESULTS
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Comprehensive Gas Chromatography -Time of Flight Mass Spectrometry

These method allows to clearly identify compounds co-eluted at trace levels like VSCs (Red arrows). • Taking into account all employed techniques, a total number of 35 sulfur compounds were identified in the volatile fraction of cooked ham. • The different analytical approaches have lead to the identification of 35 volatile sulfur compounds.

Heartcut Gas Chromatography-Mass Spectrometry/Olfactometry device

• Because of their intense meaty odors and important odor impact revealed by GC-O, 2-methyl-3-furanthiol and methyl-2-methyl-3-furyl disulfide appear to be the essential sulfur compounds for cooked ham aroma.

• Despite a low temperature of cooking , a large variety of cyclic or aliphatic sulfur compounds are produced in ham during cooking. 
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•

  According to the literature [4], most of these compounds originate from a Maillard reaction between sulfur containing amino acids (cystein or methionine) and sugars or from thermal degradation of thiamine. Aliphatic sulfur compounds and furans are mainly produced from Strecker degradation. Thiophene and thiazole are products of Amadori and Heyns rearrangements.• The most efficient method of detection and identification is HS-SPME-GCxGC-Mstof. The specific extraction of thiols with p-HMB allows to extract important quantities of 2-methyl-3-furanthiol.

  -SPME-GCxGC-Mstof (identification of 32 VSCs) b = Specific thiols extraction [1], GCxGC-Mstof (5 VSCs) c = DH-GC-MS/O and = DH-GC-GC-MSquad (20 VSCs) Identifications Similarity Indices of Mass spectra ≥ 900 and Retention Indices coherent with databases values. 38th ISCC symposium-May 18-23, 2014 Riva del Garda, ITALY