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Introduction

Due to its unique, specific organoleptic properties, chocolate may be considered as the most
appealing confectionery worldwide. The quality of chocolate and chocolate-containing
products depends heavily on the type of cocoa used and its manufacturing process. Factors
such as genotype and geographical origin, but also post-harvest treatments—including
fermentation and roasting—have a major contribution to the cocoa aroma quality.
In general, the cocoa market distinguishes between bulk cocoa (approximately 85 % of the world production) and fine or flavor
cocoa (15 %)". Bulk cocoa is typically characterized by its strong and intense basic cocoa flavor, whereas fine cocoa additionally
displays ancillary aromas, such as floral and fruity notes. The volatile fraction of cocoa is very complex and consists of more than
500 non-polar and very polar compounds. These compounds cover a wide concentration range and belong to several chemical
classes, such as hydrocarbons, alcohols, ketones, aldehydes, furanones, acids, esters, and pyrazines. However, it has been
demonstrated that only some of the compounds are present at organoleptically perceptible levels and these produce the
chocolate specific aroma®™. Detecting these main contributors among the very complex mixture of hundreds of analytes without
a cost- and labor-intensive sample preparation step poses a major challenge for analytics.

Characterizing the comprehensive volatile profile requires a technique that provides full separation and detection of these
compounds in a single analysis. In this respect, comprehensive two-dimensional gas chromatography (GCxGC) coupled with
time-of-flight mass spectrometry (TOFMS) presents an excellent option to elucidate cocoa profiles and detect aroma relevant
compounds. As in any analytical workflow, the coupling of an appropriate sampling technique is also crucial for a meaningful
outcome. Solvent-assisted flavor extraction (SAFE) is a state-of-the-art method for the artifact-avoiding removal of non-
volatiles from solvent extracts obtained from food samples; however, the high level of manpower required to perform this
technique represents a major drawback. Typical alternative sampling techniques for cocoa-based matrices include static head
space (SHS) and head space solid phase microextraction (HS-SPME). The latter can be considered as an additional
preconcentration step prior to sample injection.

In this application note, SHS and HS-SPME were considered and compared as sampling techniques for GCxGC-TOFMS
analysis. HS-SPME and GCxGC-TOFMS were then employed for the extraction, separation, and detection of cocoa profiles
from three different geographical origins. Data investigation was conducted using ChromaTOF® Sync 2D software.
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Experimental

Cocoa liquor samples from three different geographical origins (Ecuador, Ivory Coast, and the Dominican Republic) were
analyzed by GCxGC-TOFMS. Ecuador and Dominican Republic are both considered fine flavor cocoa producing countries,
whereas Ivory Coast is a bulk cocoa producer®.

Initially, for sample introduction and sample preparation, SHS and HS-SPME were considered and compared. The comparison
of peak numbers detected as well as the compounds' peak areas (see Results section) emphasized the superiority of HS-SPME in
comparison to SHS. All cocoa liquor samples were analyzed in triplicate with HS-SPME and GCxGC-TOFMS. Final conditions
for the sampling and GCxGC-TOFMS analysis are reported in Table 1 and Table 2, respectively. In addition, an n-Alkane
standard (C7-C30) was analyzed for calculation of linear retention indices (RI).

Table 1: HS-SPME parameters.

HS-SPME
Sample 1.5 g cocoa liquor in a 20 ml HS-SPME vial
Fibre Type Grey fibre (50/30 um DVB/Carbon/PDMS 24Ga)
Incubation 3 min at 80 °C
Extraction 10 min at 80 °C
Desorption 2 min

Table 2: GCxGC-TOFMS analysis parameters.
GC Parameters Agilent 8890 w/LECO QuadJet Thermal Modulator
Inlet Split (10:1), 250 °C
Carrier Gas Helium, 1.40 mL/min, constant flow
Columns 1D: Stabilwax 30 m x 0.25 mm x 0.25 um (Restek)

2D: Rxi-17Silms 1.1 m x 0.15 mm x 0.15 um (Restek)

Oven Program 40 °C (2 min), 4 °C/min to 200 °C, 10 °C/min to 230 °C (3 min)
Secondary Oven Temp 45 °C (relative to the GC oven temperature)
Modulator Temp 415 °C (relative to the secondary oven temperature)
Modulation Period 35s
Transfer Line 280 °C
TOFMS LECO Pegasus BTX
lon Source Temp 250 °C
Mass Range 40-450 m/z
Acquisition Rate 100 spectra/s

Results and Discussion

One of the initial goals was to compare SHS and HS-SPME as sampling techniques for these sample types. Both sampling
procedures were optimized to maximize the sum of all peak areas for volatile compounds in cocoa liquor. SHS sampling is
simple, clean, and convenient as a gas extraction technique. HS-SPME is a more complex technique where the adsorption and
concentration steps are performed simultaneously, then desorption is performed by heating in the GC inlet. Comparing SHS
and HS-SPME in terms of peak numbers detected and their corresponding areas revealed that HS-SPME is a more efficient
technique regarding the determination of cocoa volatiles, considering its increased sensitivity and its wider range of chemical
analytes detected. Figure 1 displays GCxGC contour plots obtained with SHS and HS-SPME.

The contour plot on the left of Figure 1 was obtained by SHS and resulted in about 130 tentatively identified analytes, whereas
the contour plot on the right was attained with HS-SPME and is substantially richer, revealing more than 700 compounds. For
this peak number comparison, a simple filter tool available within ChromaTOF was applied to show features with a similarity
score =800 and Rl matching of +20. The zoomed-in area at RT1 ~1120 s highlights the enhancement of a low-level
compound: methional (CAS no: 3268-49-3), which was only detected using HS-SPME but not with SHS. Methional is an
important cocoa aroma compound with cooked roasted potato odor™; moreover, it is likely to contribute to the savory note

of cocoa®.
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Figure 1: GCxGC-contour plots obtained from SHS (left) and HS-SPME (right) on the cocoa liq ample from Ecuador. The same color scale was

applied for both chromatograms. The zoomed-in area displays the XIC 104.02 visualizing the detection of methional (CAS: 3268-49-3) only with
HS-SPME. The spectral plot shows the deconvoluted mass spectrum on the top and the NIST library match on the bott

To compare the HS-SPME data for all the samples, processing was conducted in ChromaTOF Sync 2D allowing for a
streamlined data processing workflow including peak deconvolution, retention index (RI) calculation, matched identification,
and alignment of the sample set data. Figure 2 shows the workspace within ChromaTOF Sync 2D. After processing,
visualization options such as side-by-side profiles or bar charts provide easy access to data exploration.

In Figure, 3 the curated aligned results table (ART) exemplifies some of the representative compounds that were detected.
On the right side of the ART, a heat map visualizes the relative abundance of the compounds in the samples. Columns 1-3
correspond to the samples from Ecuador, columns 4-6 display the samples from Ivory Coast, and columns 7-9 show the
samples from Dominican Republic. This part of the ART can be used to easily filter and find compounds which are either
elevated or present at low levels in one of the tested samples. Red indicates high levels and blue indicates low levels.
Aroma related information, such as threshold levels for human perception and odor descriptions, were researched via the
Leibniz-LSB@TUM Odorant Database™ and added to the table.
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Figure 2: Workflow for data processing in ChromaTOF Sync 2D.
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Figure 3: Peak identification metrics including larity score and Rl information are tabulated in the ART, and relative trends are displayed via

a heat map where the color scale indicates the relative concentration for representative analytes from selected cocoa volatiles.

Individual analytes can be explored further, as shown in Figure 4. For example, an important cocoa-aroma compound is 2,3,5-
trimethyl-6-ethylpyrazine (CAS: 17398-16-2), which was detected in all three cocoa samples. Figure 4 illustrates some of the
identification parameters such as the similarity score against the NIST libraries (here 944/1000) and Rl matching, here with a
RI, (retention index delta) of 8. The relative peak areas of 2,3,5-trimethyl-6-ethylpyrazine are shown on the right side with
elevated levels for the samples from Ecuador and the Dominican Republic—both considered to be fine cocoa producers, and
lower levels in the samples from Ivory Coast (bulk cocoa). With its intense earthy smell, as well as vegetal and roasted notes,
2,3,5-trimethyl-6-ethylpyrazine is considered a main odorant of cocoa®.
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Figure 4: Relative trend of 2,3,5-trimethyl-6-ethylpyrazine (CAS: 17398-16-2) identified through mass spectral comparison and supported by
RI matching.



Another pyrazine, trimethylpyrazine (CAS: 14667-55-1), was also detected and is displayed in Figure 5. It was identified with a

similarity score of 926/1000 and a Rl, = 4 showing highest values for the Ecuadorian cocoa. Trimethlypyrazine has earthy and
roasty aroma notes', therefore it is often added in chocolate flavorings.
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Figure 5: Relative trend of trimethylpyrazine (CAS: 14667-55-1) identified through mass spectral comparison and supported by
RI matching.

Another interesting analyte is ethyl-phenylacetate (CAS: 101-97-3), shown in Figure 6. A good similarity score of 952/1000
and a Rl matching with a RI, of 4 provide high confidence in the identification. The bar chart on the right indicates that samples
from the Dominican Republic show highest abundance, followed by the cocoa from Ecuador. On the contrary, Ivory Coast
presents only low abundance of ethyl-phenylacetate, which is a key odorant with notes of dried fruit and flowers and is

considered a potential marker for fine cocoa®.
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Figure 6: Relative trend of ethyl-phenylacetate (CAS: 101-97-3) identified through mass spectral comparison and supported by
RI matching.



Dimethyl trisulfide (CAS: 3658-80-8), commonly found in a wide variety of food products, has been identified with a
similarity score of 940/1000 and supported with a Rl, of 1 (see Figure 7). It is perceived with a sulfury aroma note like cooked
cabbage', and it is known to be an important contributor to the cocoa aroma, especially for dark chocolate. The bar plot on
the right side in Figure 7 shows a relatively equal distribution for all tested samples.
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Figure 7: Relative trend of dimethyl trisulfide (CAS: 3658-80-8) identified through mass spectral comparison and supported by RI
matching.

Conclusion

The determination of volatile compounds is essential for the chemical characterization of cocoa liquor and to investigate the
correlation to organoleptic profiles and geographical origin. The volatile profile obtained by HS-SPME and GCxGC-TOFMS
allowed for the determination of a large number of chemical compounds, present at both high and low concentrations. Key
aroma compounds and major differences, as well as varying ratios depending on the origin of the raw material, could be
easily determined by this approach. It was possible to identify differences between the samples of different origin using
ChromaTOF Sync 2D.

References

Mhttps://www.icco.org/fine-or-flavor-cocoa/
Phttps://www.zhaw.ch/en/Isfm/institutes-centres/ilgi/food-chemistry/translate-to-english-zhaw-aroma-kit-kakao-eine-
geruchsbibliothek-fuer-kakao-und-schokolade
Phttps://www.icco.org/revision-of-annex-c-of-the-international-cocoa-agreement-ica-2010-3/
“https://www.leibniz-Isb.de/datenbanken/leibniz-lsbtum-odorant-database/odorantdb

®1J. Agric. Food Chem. 2022, 70, 42, 13730-13740

LECO Corporation | 3000 Lakeview Avenue | St. Joseph, Ml 49085 | Phone: 800-292-6141 | 269-985-5496
info@leco.com * www.leco.com | 1SO-9001:2015 Certified | LECO is a registered trademark of LECO Corporation.
Pegasus, ChromaTOF, QuadJet are trademarks of LECO Corporation.

Form No. 203-821-718 2/26—REVO © 2026 LECO Corporation



