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Fig. 1. Sage sample of Italian origin (A4): (a) HS-SPME GC–MS profile, (b) HS-SPME-TIC–MS pattern, and (c) MS  pattern. Peak identification: (1) !-pinene, (2) camphene, (3)
"-pinene, (4) myrcene, (5) !-terpinene, (6) p-cymene, (7) limonene, (8) 1,8-cineole, (9) #-terpinene, (10) !-terpinolene, (11) !-thujone, (12) "-thujone, (13) camphor, (14)
borneol, (15) 4-terpineol, (16) "-bourbonene, (17) "-caryophyllene, (18) aromadendrene, (19) !-humulene, (20) $-cadinene, (21) caryophyllene oxide, (22) viridiflorol.

where Ai is the peak area obtained from the ith extraction. In every-
day practice, extractions need not be continued until all the analyte
has been removed from the sample: a small number of extrac-
tions (generally 3–5) are sufficient to obtain a reliable exponential
equation describing analyte decay, from which the total area of the
analyte in the sample can be extrapolated. The extrapolated ana-
lyte area can then be quantified by an external standard approach,
by submitting mixtures of selected markers at different concentra-
tions to MHS-SPME.

MHS-SPME can also be carried out under non-equilibrium con-
ditions [13], provided that sampling parameters are rigorously
standardized. The main advantage of this method is that sev-
eral analytes can be quantified simultaneously, without requiring
the addition of internal standards and without requiring recovery
determination; this provides the analyte absolute total area in the
investigated sample, and is not affected by the matrix effect. The
limitations of MHS-SPME under non-equilibrium conditions are
that: (i) correctly determined Q value(s) must be used and, ide-
ally, (ii) a Q value for each sample should be measured. The second
drawback can be overcome with sets of homogeneous samples of
the same matrix [14,17] (see Section 3.2.1). Fig. 3 shows the GC–MS
extracted ion chromatograms for eugenol (m/z = 164) in a clove

sample, corresponding to three consecutive extractions (A), and its
linear decay diagram (B).

3.2.1. Determination of Q values
In previous work [14,17] the authors showed that, with samples

possessing similar matrix effects (e.g. ground roasted coffee, and
roasted hazelnuts) the Q value for a given analyte tends to be con-
stant, thus making it possible to adopt an average Q to quantify an
analyte in a single analysis. In this study, the first step aimed to ver-
ify whether the average Q value can also be applied to matrices that
are less “standardized” than roasted coffee or roasted hazelnuts,
and that are characterized by relatively low homogeneity, be it due
to their different origins, different growing or storage conditions,
or to the soft technological process to which they are submitted.
In this study, Q values for each spice/herb in terms of RSD% were
very satisfactory, ranging from 2.6% for !-3-carene in black pepper
to 10.0% for "-thujone in sage. Table 1 reports the average Q and
its RSD% for each selected marker, together with the decay corre-
lation coefficients (r) (Eq. (2)), for all samples of all spices/herbs
investigated. The results show that the Q values for the markers
of each of the six spices/herbs investigated fell within a very nar-
row range; this means that an average Q value can be adopted for

Aromatic markers in a Sage sample - HS-SPME GC-MS

Column: MEGA-WAX 20M MS - 0.20mm, 0.20µm, 50m
Catalog Code: MS-WAX20M-020-020-50 
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Conditions:

Injection: Split 230°C, 1:20 Split ratio.
Detector: MSD EI mode (70eV), scan range 35-350 amu, 
dwell time 40ms, ion source temperature 230°C, transfer 
line temperature 280°C. 
Oven Program: 50°C (1min), 3°C/min, 230°C (5min).
Carrier Gas: Helium, 1mL/min.
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1. alpha-Pinene
2. Camphene
3. beta-Pinene
4. Myrcene
5. alpha-Terpinene
6. p-Cymene
7. Limonene
8. 1,8-Cineole
9. gamma-Terpinene
10. alpha-Terpinolene
11. alpha-Thujone
12. beta-Thujone
13. Camphor
14. Borneol
15. 4-Terpineol
16. beta-Bourbonene
17. beta-Caryophyllene
18. Aromadendrene
19. alpha-Humulene
20. delta-Cadinene
21. Caryophyllene oxide
22. Viridiflorol
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