
Introduction
Analytes that are present at very low levels in food, flavor, and fragrance samples can still have a large impact on the 
overall sample properties. This is particularly true for aroma profiles, as odor thresholds can vary widely for different 
analytes. Some compounds  have low odor thresholds, so their presence can still be impactful even at very low levels. 
For this reason, sensitive analytical techniques are important to detect and identify these low-level analytes. Gas 
chromatography with mass spectrometry (GC-MS) analysis with the Pegasus BT offers excellent sensitivity and can uncover 
many low-level analytes in complex samples. Detection can be further improved by pairing GC-MS with various sample 
preparation techniques that help concentrate samples for injection, like solid phase micro extraction (SPME) or SPME 
Arrow. Even with this sensitive set of tools, however, there are still cases where analytes of interest may be below the 
detection level of the method. One option to improve detection in these cases is to stack multiple SPME extractions to then 
analyze as a single injection. With this sampling approach, a cryotrap is used at the head of the column to collect and hold 
multiple SPME extractions that have been injected in series. After stacking the specified number of extractions, the cryotrap 
is rapidly heated to inject, or release, the multiple extractions as a single combined sample. In this application note, this 
injection procedure is demonstrated for the aroma profiling of a beer sample. In this case, related GC-Olfactory (GC-O) 
data for the same beer sample was referenced. This olfactory information allowed for a sensory-directed analysis that 
pointed to chromatographic locations of interest. Some of the olfactory notes pointed to analyte peaks with large S/N, 
some pointed to analyte peaks with low S/N, and others pointed to a chromatographic region without a notable 
chromatographic peak in the standard single extraction injection. In some cases, stacking multiple SPME extractions 
boosted the signal enough that the analyte could be detected and identified. This collection of analytical tools allows for 
seeing more from your sample of interest and uncovering what may have been missing.
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Figure 1. GC-MS chromatogram of a beer sample with some associated olfactory notes labeled. Many other 
olfactory notes were also observed. 



Experimental
A beer that had previously been analyzed by GC-O was analyzed here with GC-TOFMS. The beer was analyzed with 
HS-SPME and the sample was incubated at 40 °C for 2 min and extracted for 4 min at the same temperature. A typical 
single extraction was performed as well as separate injections that stacked multiple SPME extractions (either 2, 3, or 4). 
A tri-phase SPME fiber (DVB/C-WR/PDMS) was used and the fiber was conditioned for 2 min at 250 °C between injections. 
GC-TOFMS conditions are listed in Table 1. An alkane standard was also analyzed using the same conditions for retention 

®index (RI) calculations. Sample acquisition was automated and controlled with LECO’s ChromaTOF  software and GL 
Science’s Evolution software, and data analysis was performed with ChromaTOF. The previously acquired olfactory data 
that is referenced was collected with GL Science’s Phaser Pro. 

Table 1. GC-TOFMS (Pegasus BT) Conditions 

Results and Discussion
Olfactory data allows for a sensory-directed analysis of a sample, where the observed olfactory notes point to the 
chromatographic locations that are of utmost interest. In this work, olfactory notes for a beer sample were referenced and 
used to focus the investigation of the GC-TOFMS data for the same beer sample. The olfactory data indicated which 
sections of the chromatogram were most interesting and the MS data was crucial for identifying the analytes that were 
associated with these olfactory notes. For example, a representative chromatogram is shown in Figure 1 and four of the 
observed olfactory notes are labeled. Many additional olfactory notes were also observed. 

In some cases, like the first “fruity” label in Figure 1, the observed olfactory note connected with an intense 
chromatographic peak with a large S/N. Additional information for the analyte associated with this olfactory note is shown 
in Figure 2. In this case, the fruity olfactory note was connected to the large peak identified as ethyl hexanoate. The 
analyte identification was determined by matching the observed spectral data to library databases and by matching RI 
information. The spectral data matched with a similarity score of 934, and the observed and library RI values were both 
999. Additionally, the known aroma notes for ethyl hexanoate also connected to the observed olfactory notes, further 
supporting the identification. The aroma type for ethyl hexanoate is fruity with additional descriptors of sweet, fruity, 

[1]pineapple, waxy, green, and banana.

Auto Sampler LECO L-PAL 3 Autosampler 

Injection SPME, 2 min desorption in GC inlet at 250 °C, splitless 

Cryotrap GL Science  

Temperature Program  -110 °C (3 min), ramp 60 °C/s to 250 °C (hold duration of GC analysis) 

Gas Chromatograph Agilent 8890 

Inlet 250 °C  

Carrier Gas He @ 1.4 mL/min, corrected constant flow 

Columns Rxi-5ms, 30 m x 0.25 mm i.d. x 0.25 µm coating, RESTEK 

Temperature Program Hold 5 min at 50 °C, ramp 10 °C/min to 250 °C, hold 2 min 

Transfer Line  250 °C  

Mass Spectrometer LECO Pegasus BT 

Ion Source Temperature 250 °C 

Mass Range 33-500 m/z 

Acquisition Rate 10 spectra/s  

 

Figure 2. Ethyl hexanoate was detected and identified in the GC-TOFMS data as the likely source of one of the “fruity” olfactory notes.



In other cases, there was a clear chromatographic peak that connected with the olfactory note, but it was observed with a 
lower S/N. An example of this is the second “fruity” note labeled in Figure 1 and shown in Figure 3. This fruity olfactory 
note was associated with two chromatographic peaks, tentatively identified as ethyl heptanoate and linalool, with mass 
spectral matching (similarity scores of 929 and 818, respectively) and RI matching (observed RI values of 1097 and 1100 
compared to library RI values of 1098 for ethyl heptanoate and 1099 for linalool). The known aroma notes for these 

[1] compounds also connected with the observed olfactory information, as listed in Table 2.

In other more challenging cases, there was not a clear chromatographic peak that connected with the observed olfactory 
note. This was the case for the “musty” note just prior to the “fruity” note, also indicated in Figure 3. There were at least 
three analytes that elute near this chromatographic location, but none of them were likely candidates for the musty aroma 
note. ChromaTOF deconvolution did effectively resolve these coelutions, as shown in Figure 4, and tentative identifications 
were determined by mass spectral and RI matching, as shown in Table 2. While these are potentially interesting analytes, 
the known aroma descriptors of these analytes, listed in Table 2, did not connect with the observed “musty” note. 

Figure 3. Fruity and musty olfactory notes are shown at their associated chromatographic locations.

Figure 4. Coelutions that elute near the “musty” aroma note were effectively resolved with deconvolution.



  Name Similarity CAS tR (s) RI (obs) RI (lib) Aroma Notes[1] 

terpinolene 811 586-62-9 665.4 1091 1088 fresh woody sweet pine citrus 

p-cymenene 832 1195-32-0 665.8 1091.5 1090 phenolic spicy styrene clove guaiacol 

2-nonanone 808 821-55-6 666.3 1091.9 1092 fresh sweet green weedy earthy herbal 

propyl hexanoate 879 626-77-7 668.4 1094.1 1094 sweet fruity juicy pineapple green tropical 

ethyl heptanoate 929 106-30-9 671.3 1097.2 1098 fruity pineapple cognac rum wine 

linalool 818 78-70-6 674.1 1100 1099 citrus floral sweet bois de rose woody green blueberry 

 

Table 2. Identifications and Aroma Notes for Analytes Shown in Figure 3 and 4.

One of the reasons that there may not be a chromatographic peak to connect to an observed olfactory note may be that 
the analyte is present at a low level and was not detected. To explore this possibility, multiple SPME extractions were 
stacked to a single injection, as shown in Figure 5. Four injections were made with a different number of SPME extractions 
stacked for each – one (orange trace), two (green trace), three (blue trace), or four (purple trace). As more SPME 
extractions were stacked for the combined injection, tetramethyl pyrazine, a previously undetected analyte, emerged. This 
is particularly apparent in the XIC traces for m/z 136.13, shown in Figure 5. This identification was supported with 
spectral matching (similarity score = 750) and RI matching (observed = 1089 compared to library = 1088). The aroma 

[1]descriptors for tetramethyl pyrazine include musty , suggesting this analyte may be the source of the observed olfactory 
note. By stacking extractions to put more sample on the column, it was possible to detect and identify this analyte and 
connect it to the olfactory data.

Another example of how stacking helped detect and identify an analyte to explain an olfactory note is shown in Figure 6. 
The olfactory note at this chromatographic location was spicy and nutmeg. In this case, the single extraction injection 
(orange trace) did not have a noticeable chromatographic peak. Stacking extractions (two, three, or four shown in green, 
blue, and purple, respectively) led to increased peak heights and a detectable peak. This peak was tentatively identified 
as isoeugenol based on mass spectral matching (similarity = 833) and RI (observed RI = 1457 and library RI = 1450). The 

[1]known aroma descriptors for isoeugenol are sweet, spicy, clove, woody, allspice, carnation, or floral , which also connect 
with the observed olfactory information. 

Figure 5. Chromatograms of stacked injections show how stacking revealed an additional analyte, tetramethyl pyrazine. The TIC is shown on 
the left and XIC 136.13 is shown on the right. 



Conclusion
GC-TOFMS is an excellent way to complement olfactory data and connect observed olfactory notes to specific analyte 
features within complex food, flavor, and fragrance samples. In many cases, clear chromatographic peaks can be 
associated with the olfactory notes. These are often identified with mass spectral and RI matching and can provide a better 
understanding of the sensory observations. In some cases, however, an olfactory note may be observed in a 
chromatographic location without an observable chromatographic peak. This application note highlights an option that can 
improve detection by stacking multiple SPME extractions to a single injection. This increased the peak height, which 
allowed for detecting some additional analytes. In this case, stacking injections revealed analytes at chromatographic 
locations where olfactory notes had previously not been assigned to an observable peak in the single extraction data. 
Together, these tools provide good options for better understanding the aroma characteristics of these complex samples. 
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Figure 6. Chromatograms of stacked injections show how stacking revealed an additional analyte, isoeugenol. The TIC is shown on the left and 
XIC 164.12 is shown on the right.
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