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Abstract: Coffee capsules have become one of the most used methods to have a coffee in the last few
years. In this work, coffee was prepared using a professional espresso coffee machine. We investigated
the volatilome of four different polypropylene coffee capsule typologies (Biologico, Dolce, Deciso,
Guatemala) with and without capsules in order to reveal the possible differences in the VOCs spectra.
The volatilome of each one was singularly studied through an analysis by gas chromatography and
mass spectrometry (GC–MS), checking the abundance of different VOCs in coffee extracted with and
without a capsule protection and compared to its related sample. Furthermore, ANOVA and Tukey
tests were applied to statistically identify and individuate the possible differences. As a result, it was
found that coffee capsules, offer advantages of protecting coffee from oxidation or rancidity and,
consequently extended shelf life as well as did not cause a reduction of volatile compounds intensity.
Therefore, it is possible to conclude that the aroma of polypropylene coffee capsule extraction is not
damaged compared to a traditional espresso.

Keywords: gas chromatography and mass spectrometry (GC–MS); volatilome; shot coffee; coffee
capsules; aroma intensity; hydrogen

1. Introduction

The coffee capsule is a single-dose coffee product, which is roasted, ground and
pressed perfectly portioned and inserted into a small, generally cylindrical aluminum or
plastic container. The use of this kind of product has recently exponentially increased. The
main reasons seem to be the rapidity and the good taste that characterize them, allowing
them to be a real competitor of moka pot coffee by swaying consumer preferences. Indeed,
its advantages would allow every Ho. Re. Ca. activity to serve to the consumer an
instant and more aromatic product. Regarding to the shelf life of the portioned coffee, it is
usually about 18 months or more [1] in relation to the materials and packaging techniques.
Coffee has always been one of the most consumed beverages, the second in the world after
water. Moreover, its consumption continues to increase. According to the International
Coffee Organization (ICO) [2], the main intergovernmental organization for coffee, the best
producers in the world are South American countries such as Brazil and Guatemala and
Asian countries such as India and Vietnam, for Arabica and Robusta species, respectively.
The two most preferred species that dominate the coffee market are Coffea arabica, produced
in South America and East Africa, and Coffea canephora (Robusta), produced especially
in Vietnam and Indonesia. The first one covers 70% of the world’s production, is more
delicate, aromatic and slightly more acidic. The second most used one (30%) is fragrant
and with a stronger taste [3].

Coffee made with Arabica beans is more delicate but also more acid; its high presence
of oils also makes it moderately bitter, especially due to polyphenols that are the main
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contributors to olive oil bitterness and astringency [4]. Coffee capsules can have several
advantages; however, some drawbacks must be analyzed. The first drawback is undoubt-
edly the sustainability. The coffee capsule has a significant environmental impact due to
difficulties on waste collection, treatment and disposal activities. Every year, the sale of
coffee capsules reaches on average 10,000 billion units, producing around 120 thousand
tons of waste, 70 of these only in Europe [5]. Another disadvantage is the safety of this
product. Many theories affirm that there could be migration from the capsule materials to
the packaged food [6,7]. It is well known how the consumer has recently started to pay
more attention to the food safety and quality. This has happened because many people have
discovered that a good diet and the assumption of certain compounds, as the antioxidants
can be found in different foods, can be preventive against heart and carcinogenic dis-
eases [6]. On the contrary, some compounds that can migrate from packaging to packaged
food can be harmful and as a result a new consumer can be reluctant to use coffee capsules.
Thus, the same packaging, which represents an advantage for better maintenance and its
protection capacities in favor of the food inside including it organoleptic and aromatic
characteristics, has a flip side. This work focuses on the fraction volatile of coffee capsule
samples. The “term volatilome” or the synonym volatome [8] has been used since the
beginning of the decade of 2010. The volatilome refers to all the volatile metabolites as well
as other volatile organic and inorganic compounds that originate from a natural or artificial
matrix, as for example, food, organisms or even an ecosystem. It can be considered that all
the metabolites in the volatilome can be classified and as a subset of the metabolome but
also contains exogenously derived compounds that do not derive from metabolic processes.
Therefore, the volatilome is considered a distinct entity from the metabolome.

This work aims to analyze if coffee aroma intensity can be influenced by the per-
formance of the capsules. Particularly, if the intensity of each volatile compound could
be higher due to the compression for which the capsule is subject during the extraction.
The investigation of the volatilome was carried out through gas chromatography and
mass spectrometry (GC–MS) analysis [9], checking the abundance of different components
in coffee extracted with and without a capsule protection. Furthermore, statistical data
analysis was performed in particular univariate ANOVA and Tukey tests and multivariate
statistics as PCA (principal component analysis.

2. Materials and Methods
2.1. Sample Description and Preparation

The considered samples are four typologies of coffee capsule: “Biologico”, “Deciso”,
“Dolce” and “Guatemala”, gently supplied by “Caffè Molinari” (Via Francia, Modena, Italy).
The “Spaziale S2” (LA SPAZIALE S.p.A., Casalecchio di Reno, Italia), professional machine
was used to extract coffee. The coffee extraction occurred using [10] 18 L containers of
“Rocca Galgana” (Citerna di Fornovo di Taro, Parma, Italy) mineral water to overcome
the possibility of having inhomogeneities due to the water. This study was conducted
in two phases: during the first phase, coffee was prepared simply by entering the coffee
capsule into the correspondent extraction tool; in the second phase, coffee was pulled out
of each capsule, it was manually pressed in the group, and extracted without capsule.
Three replicates for each sample were carried out, obtaining 12 vials of coffee with capsule
and 12 vials of those without capsule. The same quantity of coffee (62.5 mL, espresso shot
coffee [11]) was extracted and collected using a beaker. After, 20 mL chromatographic
vials were used, each filled with 1.2 mL of coffee to proceed with the analysis. The vials
containing the sample were sealed by aluminum rings and a septa made of polytetrafluo-
roethylene (PTFE) and silicone. The vial containing the sample, before analysis, was placed
in the incubator, where it was initially incubated at 70 ◦C for 10 min, in order to heat the
sample and achieve the equilibrium of the volatile compounds between the headspace and
the liquid phase and to remove any variables. After, VOCs extraction was performed using
solid phase microextraction (SPME) technique. The fiber used for the adsorption of volatile
compounds was a divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS)
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50/30 µm (Supelco Co. Bellefonte, PA, USA). It was exposed in the head space of the vial
for 20 min at 70 ◦C, to favor the absorption of the volatile compounds.

2.2. GC-MS Analysis Conditions

The GC instrument used in this work was a Shimadzu GC 2010 PLUS (Kyoto, Japan),
equipped with a Shimadzu single quadrupole mass spectrometer (MS) MS-QP2020 Ultra
(Kyoto, Japan). The fiber was inserted into the injector of the GC-MS [12], at a temperature
of 240 ◦C for 6 min, to allow the desorption of the molecules constituting the volatilome.
The desorption occurred through a standard methodic. It started with a temperature of
40 ◦C for 5 min, then followed with an increase of 3 ◦C /minute until reaching 180 ◦C.
Once reached 180 ◦C the temperature undergoes a further rise, this time of 10 ◦C/minute,
until reaching 240 ◦C, which are maintained for five minutes, for a total program time
of 62 min [13]. GC was operated in the direct mode throughout the run, which means
that all VOCs desorbed inside the injector goes inside the column. The separation was
performed on a MEGA-5MS capillary column, 25 m × 0.25 mm × 0.25 µm film thickness,
(Agilent Technologies, Santa Clara, CA, USA). Hydrogen was used as the carrier gas and
was produced by GENius PF500, FullTech Instruments Srl (Rome, Italy) at a constant
flow rate of 2.34 mL/min. The interface connecting the GC to the MS was kept at 240 ◦C,
the MS was maintained in El mode at 70 ev and the ion source at 240 ◦C. Mass spectra
were recorded in a range of 35 to 500 m/z in TIC mode (total ion count) with scanning
intervals at 0.3 s [14–16]. Once the sample was analyzed, chromatograms with the peaks
corresponding to the VOCs were obtained. The chromatographic peaks obtained were
integrated in automatic mode using, as a parameter, the peak area, considering at least
80 peaks and with an area value not less than 500 AMU. Identification of the compounds
was made using NIST11 and FFNSC2 mass spectra libraries. Other parameters used in the
automatic peak integration were slope 100/min, width 2 s, drift 0/min, and doubling time
(T.DBL) 1000 min, and no smoothing method was applied.

2.3. GC-MS Data Analysis

The abundance [17] of each volatile compound is the average of the abundance
of the three replicates for each sample. In addition, the standard deviation was also
calculated in order to give a better vision of the results. This output was validated using
the statistical analysis of ANOVA test to see if our results have statistical significance
with a p > 0.05 In addition, Tukey’s test was applied in order to verify which samples
statistically were different between each other. In addition, multivariate analysis was
performed through PCA investigation using the abundance means for each compound as
a feature. Data analysis was performed using MATLAB® R2015a software (MathWorks,
Natick, MA, USA).

3. Results and Discussion

Regarding the data extracted from the GC–MS–SPME analysis [18], the volatile finger-
prints for each coffee sample were identified in Table 1. The latter shows the abundance
average of the three replicates for each common compound in every typology. Figures 1–4
show the comparison of the volatilome intensity, by means of abundance, of coffee extract
with and without capsule. It is possible to observe that in general for the four typologies,
the abundance of the compounds in the samples with capsule is higher compared to the
one without capsule. This is highlighted in the graphs, thus the coffee aroma intensity [19]
can be influenced by the performance of the capsule. According to GC–MS analysis, the
capsule could determine a difference of intensity for some components and, consequently,
to obtain a different and more fragrant product compared to coffee obtained without the
capsule. Coffee volatilome is one of the most complex in nature regarding the food matrix.
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Table 1. Table of compounds regarding the means of the three replicates for each sample performed with the GC–MS analysis. Significant differences after Tukey’s test are highlighted with
(a) for the Biologico (capsule)—Guatemala (no capsule) with a p value of 0.0032 and (b) for Guatemala (capsule)-Guatemala (no capsule) with a p value of 0.0289, also indicating the
percentage of presence of each compound in each sample. (BI = BIOLOGICO without capsule; BI.C. = BIOLOGICO with capsule), (DE = DECISO without capsule; DE.C = DECISO with
capsule), (DO = DOLCE without capsule; DO.C. = DOLCE with capsule) and (GU = GUATEMALA without capsule; GU.C = GUATEMALA with capsule).

RT Compound Name

Abundance
DEV.ST

Biologico Deciso Dolce Guatemala

BI.C. (a) VOC’s % BI VOC’s % DE VOC’s % DE.C. VOC’s % DO VOC’s % DO.C. VOC’s % GU
(b) VOC’s % GU.C.

(a) (b) VOC’s % with
Capsule

without
Capsule

0.630 2-Methoxyethyl acetate 6.46 × 107 0.37

0.891 2-methylfuran 1.60 × 108 0.97 1.30 × 108 2.41 2.18 × 108 1.71 6.22 × 107

0.991 2-methylbutanal 5.22 × 108 1.54 1.78 × 108 1.05 8.68 × 107 0.52 2.24 × 108 4.15 1.96 × 108 1.20 5.89 × 108 4.61 5.61 × 107 0.50 1.94 × 108 6.83 × 107

1.297
tert-butyl-(2,2-

difluoroethoxy)-
dimethylsilane

1.35 × 108 1.26 3.45 × 108 2.70 1.48 × 108

1.320 1-Propionylethyl acetate 1.83 × 108 1.08 5.46 × 107 0.49 9.08 × 107

1.581 2-Pyridinecarboxaldehyde 9.32 × 108 2.75 8.01 × 108 4.73 7.14 × 108 4.04 8.23 × 108 4.97 3.45 × 107 0.32 2.15 × 108 0.85 4.19 × 108 1.56 × 107

1.662 tetrazolo[1,5-b]pyridazin-6-
amine 1.63 × 109 4.82 5.62 × 107 0.52 1.60 × 109 6.30 9.00 × 108

1.784 4-ethenyl-1-methylpyridin-1-
ium;bromide 7.54 × 108 6.76

1.795 Pyridine 2.84 × 108 1.68 4.98 × 108 3.01 1.50 × 108 1.40 4.97 × 108 3.05 4.62 × 108 1.82 1.74 × 108 1.56 2.21 × 108 1.61 × 108

2.663 2-methyloxolan-3-one 1.31 × 108 0.39

3.008 methylpyrazine 3.49 × 108 1.03 1.63 × 108 0.96 2.18 × 108 1.23 1.88 × 108 1.14 1.37 × 108 1.28 1.74 × 108 1.07 2.67 × 108 1.05 6.00 × 107 0.54 8.88 × 107 5.84 × 107

3.188 Furfural 1.40 × 109 4.14 6.60 × 108 3.90 4.24 × 108 2.40 4.93 × 108 2.98 1.33 × 108 1.24 5.35 × 108 3.28 6.67 × 108 2.63 6.40 × 108 5.74 5.42 × 108 8.08 × 107

3.757 2-Furanmethanol 2.73 × 109 8.07 1.09 × 109 6.44 9.83 × 108 5.56 1.21 × 109 7.31 7.31 × 107 0.68 1.09 × 109 6.68 1.67 × 109 6.57 9.47 × 108 8.49 1.12 × 109 1.08 × 108

4.530 2-oxopropyl acetate 1.18 × 108 0.35 3.36 × 107 0.20 1.50 × 108 0.85 7.02 × 107 0.42 1.16 × 108 1.08 2.96 × 107 0.18 2.23 × 108 0.88 4.33 × 107 0.39 5.00 × 107 1.83 × 107

5.908 1-(furan-2-yl)ethanone 1.26 × 108 0.74 1.47 × 108 0.83 1.13 × 108 0.68 8.13 × 107 0.76 1.76 × 108 0.69 1.54 × 108 1.38 4.85 × 107 2.10 × 107

6.003 2-Hexanoylfuran 3.00 × 108 0.89 4.35 × 108 4.05 2.36 × 108 0.93 1.02 × 108

6.048 4,6-dimethylpyrimidine 1.40 × 109 4.14 1.08 × 109 6.10 1.15 × 108 1.07 3.50 × 108 1.38 6.04 × 108

6.121 1-(1H-imidazol-5-
yl)ethanone 1.99 × 108 1.12

6.213 2E)-2-pyrrolidin-2-
ylideneacetonitrile 2.32 × 109 6.86

6.244 2,6-dimethylpyrazine 3.84 × 108 2.27 3.52 × 108 1.99 3.47 × 108 2.10 1.27 × 108 1.18 5.55 × 108 3.40 1.81 × 108 0.71 3.99 × 108 3.58 1.17 × 108 9.18 × 107

6.307 ethylpirazine 5.03 × 108 2.97 7.13 × 108 4.03 5.83 × 108 3.52 1.33 × 108 1.24 4.02 × 108 2.46 4.10 × 108 9.07 × 107

6.324 2-ethenyl-1-methylimidazole 1.37 × 108 1.28 1.63 × 109 6.42 1.06 × 109

8.088 1-pyrazol-1-ylpropan-2-one 1.42 × 108 0.42 5.45 × 107 0.31 2.53 × 107 0.24 7.21 × 107 0.44 1.21 × 108 0.48 4.77 × 107 0.43 5.49 × 107 1.73 × 107

8.147 1-(2,6,6-trimethylcyclohexen-
1-yl)ethanone 4.40 × 107 0.27 2.97 × 107 0.18 1.01 × 107

8.436 5-methylfuran-2-
carbaldehyde 1.52 × 109 4.49 8.00 × 108 4.72 6.11 × 108 3.45 4.15 × 108 2.51 2.14 × 107 0.20 6.57 × 108 4.03 9.22 × 108 3.63 7.18 × 108 6.44 6.25 × 108 1.66 × 108

8.777 Tripropionin 9.75 × 107 0.91 3.05 × 107 0.12 4.74 × 107
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Table 1. Cont.

8.845 2-methyl,3-Pentanone 7.74 × 108 2.29

8.873 Ethyl propionate 3.45 × 108 1.02 7.13 × 107 0.42 1.28 × 108 1.19 3.94 × 108 1.55 1.43 × 108 1.28 1.42 × 108 5.07 × 107

8.883 3,3-dimethylbutan-2-one 2.52 × 107 0.15 7.17 × 107 0.64 3.29 × 107

9.027 2-oxobutyl acetate 6.76 × 107 0.40 6.90 × 107 0.62 9.90 × 105

9.437 Arsenous acid,
tris(trimethylsilyl) ester 5.38 × 107 0.32 1.01 × 108 0.94 8.68 × 107 0.34 1.00 × 107

9.757 Phenol 1.84 × 108 0.54 1.69 × 108 0.96 1.75 × 108 1.06 5.50 × 107 0.51 1.46 × 108 0.89 1.89 × 108 0.74 1.34 × 108 1.20 6.34 × 107 2.11 × 107

9.852
(4-

hydroxyphenyl)phosphonic
acid

8.32 × 107 0.49

9.979 furan-2-ylmethyl acetate 2.35 × 109 6.95 7.53 × 108 4.45 8.67 × 108 4.90 1.28 × 109 7.73 6.27 × 107 0.58 9.66 × 108 5.92 1.14 × 109 4.49 7.95 × 108 7.13 9.48 × 108 2.39 × 108

10.283 furan-2-ylmethylurea 1.77 × 109 5.23 1.63 × 109 9.62 1.85 × 109 10.46 1.43 × 109 8.64 5.00 × 107 0.47 1.51 × 109 9.25 1.42 × 109 5.59 1.19 × 109 10.67 8.36 × 108 1.86 × 108

10.479 1-methylpyrrole-2-
carbaldehyde 7.66 × 108 4.52 8.61 × 108 4.87 7.79 × 108 4.71 5.60 × 107 0.52 9.91 × 108 6.07 9.07 × 108 3.57 3.71 × 108 3.33 4.79 × 108 2.59 × 108

10.524 2-Ethyl-5-methylpyrazine 6.10 × 108 3.60 4.28 × 108 2.59 5.45 × 108 3.34 9.22 × 107

10.567 2-methoxy-3H-azepine 1.09 × 109 3.22 8.13 × 108 4.60 1.96 × 108

10.578 4-(2-bromoethyl)-3,5-
dimethyl-1H-pyrazole 7.10 × 108 4.29 4.02 × 108 3.60 2.18 × 108

10.601 2-chloro-1-(1-methylpyrrol-2-
yl)ethanone 1.90 × 107 0.18 1.48 × 109 5.83 1.03 × 109

10.742 2-propanoyl furan 2.99 × 108 0.88 1.44 × 108 0.85 1.02 × 108 0.58 8.63 × 107 0.52 8.79 × 107 0.79 1.39 × 108 3.29 × 107

10.883 2-propylpyrazine 6.99 × 107 0.40

11.153 Tetrahydrofurfuryl chloride 2.80 × 107 0.25

11.163 2-ethyl-6-methylpyrazine 7.40 × 107 0.69 1.04 × 108 0.41 2.12 × 107

11.211 2-prop-1-en-2-ylpyrazine 1.16 × 108 0.34 3.65 × 107 0.22 3.67 × 107 0.22 3.98 × 107 0.24 1.85 × 106

11.255 1-(1-methoxypropan-2-
yloxy)propan-2-ol 4.62 × 107 0.27

11.439 1-(4H-pyridin-1-yl)ethanone 5.45 × 107 0.51

11.478 5-amino-3-methyl-1,2-
oxazole-4-carbonitrile 3.95 × 108 1.17

11.494 1-ethyl pyrrole 1.31 × 108 0.77 1.13 × 108 0.64 1.69 × 108 1.02 1.91 × 108 1.17 1.05 × 108 0.41 5.66 × 106 3.04 × 107

11.522 2-methoxybenzenamine 3.17 × 108 0.94 1.15 × 108 1.07 3.27 × 108 1.29 1.20 × 108

11.533 1-(4H-pyridin-1-yl)ethanone 2.18 × 108 0.86

11.560 N-(2-Cyanoethyl)-pyrrole 2.81 × 108 0.83

11.563 1H-pyrrole-2-carbaldehyde 3.29 × 108 0.97 8.61 × 108 8.02 2.43 × 108 0.96 1.24 × 108 1.11 3.35 × 108

11.673 3-methylcyclopentane-1,2-
dione 2.58 × 107 0.23

11.700 2-hydroxy-3-
methylcyclopent-2-en-1-one 1.77 × 107 0.10 1.72 × 107 0.10 2.23 × 107 0.14 2.60 × 107 0.23 4.16 × 107

12.011 2-ethylhexanol 5.02 × 107 0.45

12.025 1-(2-methylcyclopenten-1-
yl)ethanone 2.24 × 108 0.66 8.38 × 107 0.49 8.77 × 107 0.50 8.30 × 107 0.50 8.56 × 107 0.80 5.59 × 107 0.34 1.34 × 108 0.53 7.61 × 107 0.68 6.48 × 107 1.30 × 107
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Table 1. Cont.

12.083 (4E)-2,6-dimethylhepta-2,4-
diene 6.03 × 107 0.34 1.37 × 108 0.54 5.42 × 107

12.093 3,3,5-trimethylcyclohexene 5.93 × 107 0.36 4.76 × 107 0.29 7.67 × 107 0.69 1.46 × 107

12.133 6,6-Dimethylhepta-2,4-diene 4.03 × 107 0.36

12.603 Benzeneacetaldehyde 2.56 × 107 0.16 2.32 × 107 0.21 1.70 × 106

12.623 Phenylacetaldehyde 4.28 × 107 0.13 2.23 × 107 0.13 3.46 × 107 0.20 3.94 × 107 0.24 2.19 × 108 2.04 1.83 × 107 0.11 4.21 × 107 0.17 2.65 × 107 0.24 8.97 × 107 9.15 × 106

12.675
N,N-dimethyl-1-(5-

methylfuran-2-
yl)methanamine

1.17 × 108 0.35 3.64 × 108 3.39 8.90 × 107 0.35 4.27 × 107 0.38 1.51 × 108

12.715 1,4-dimethyl-5-propan-2-
ylcyclopentene 3.62 × 108 1.07

12.728 (3E,5E)-nona-3,5-dien-2-one 9.79 × 107 0.58 7.23 × 107 0.44 2.37 × 107 0.21 3.77 × 107

12.737 1-(1-ethylpyrazol-4-
yl)ethanone 3.34 × 107 0.10 4.20 × 107 0.25

12.771 5-methyl-2-
Furanmethanethiol 4.24 × 107 0.38

13.018 1-(furan-2-yl)butan-2-one 2.03 × 107 0.12 2.15 × 107 0.13 1.96 × 107 0.12 1.77 × 107 0.16 1.59 × 106

13.266 2,3,4-trimethylcyclopent-2-
en-1-one 4.80 × 107 0.27

13.290 5-ethylfuran-2-carbaldehyde 9.11 × 107 0.27 4.65 × 107 0.43 4.98 × 107 0.20 2.49 × 107

13.334 2-methylphenol 8.35 × 107 0.25 5.66 × 107 0.33 4.39 × 107 0.25 5.32 × 107 0.32 2.84 × 107 0.26 5.46 × 107 0.33 5.37 × 107 0.21 5.35 × 107 0.48 2.32 × 107 1.54 × 106

13.597 1-phenylethanone 4.93 × 107 0.28

13.690 [phenyl(propanoyloxy)methyl]
propanoate 2.55 × 107 0.15 2.31 × 107 0.22 3.77 × 107 0.15 1.03 × 107

13.760
[(1S,2R,5R)-5-methyl-2-
propan-2-ylcyclohexyl]

acetate
1.66 × 108 0.49

13.823 Linalool oxide <cis-> 5.93 × 107 0.35 7.74 × 107 0.44 5.49 × 107 0.33 2.46 × 107 0.23 7.07 × 107 0.28 2.87 × 107 3.11 × 106

14.045 2-methoxybenzenamine 3.76 × 108 2.22 3.03 × 108 1.83 5.16 × 107

14.054 1-(1H-pyrrol-2-yl)ethanone 6.30 × 108 1.86 1.97 × 108 1.16 4.45 × 108 2.52 3.34 × 108 2.02 3.39 × 107 0.32 1.35 × 108 0.83 5.01 × 108 1.97 8.05 × 107 0.72 2.58 × 108 1.09 × 108

14.159 3-ethyl-2,5-
dimethylpyrazine 1.12 × 109 3.31 4.09 × 108 2.42 6.62 × 108 3.74 3.97 × 108 2.40 1.37 × 108 1.28 6.97 × 108 4.27 7.88 × 108 3.10 1.91 × 108 1.71 4.08 × 108 2.08 × 108

14.185 3,5-Dimethyl-4-allylpyrazole 1.59 × 109 4.70

14.373 2-(furan-2-ylmethyl)furan 2.38 × 108 0.70 1.38 × 108 0.81 2.69 × 108 1.52 1.67 × 108 1.01 2.50 × 107 0.23 1.04 × 108 0.64 1.52 × 108 0.60 1.13 × 108 1.01 1.09 × 108 2.83 × 107

14.566 2-methoxyphenol 1.03 × 109 3.04 4.30 × 108 2.54 8.89 × 108 5.02 5.01 × 108 3.03 4.22 × 107 0.39 5.24 × 108 3.21 7.99 × 108 3.15 1.46 × 108 1.31 4.42 × 108 1.74 × 108

14.612 4-methoxyphenol 3.72 × 108 2.28 2.30 × 108 2.06 1.00 × 108

14.737
(2,6-dimethylcyclohexen-1-

yl)
acetate

1.00 × 108 0.59 1.08 × 108 0.65 4.06 × 107 0.38 1.27 × 108 0.50 6.11 × 107 5.66 × 106

14.751 3-methylcyclohexane-1,2-
dione 8.34 × 107 0.75

14.867 furan-2-ylmethyl propanoate 2.03 × 108 1.20 3.21 × 108 1.81 2.31 × 108 1.40 2.76 × 107 0.26 2.05 × 108 1.26 2.60 × 108 1.02 1.20 × 108 1.08 1.55 × 108 4.82 × 107

15.000 4,5-dimethylhex-4-en-3-one 4.29 × 107 0.38
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15.246 2-methylpropyl
[(Z)-non-3-enyl] carbonate 2.22 × 108 1.25 8.30 × 107 0.51 1.47 × 108 1.32 4.53 × 107

15.246 Glutraic acid,
di(cis-non-3-enyl) ester 2.43 × 108 0.72 1.64 × 108 1.01

15.255 (4Z)-cyclooct-4-en-1-one 7.30 × 107 0.43

15.268 1,1-Dimethyl-4-
methylenecyclohexane 5.59 × 107 0.50

15.291
4-O-[(Z)-non-3-enyl]

1-O-propyl
(E)-but-2-enedioate

2.58 × 108 1.46

15.293
3-methylidene-3a,4,5,6,7,7a-
hexahydro-1-benzofuran-2-

one
7.13 × 107 0.44

15.318 3,7-dimethylocta-1,6-dien-3-
ol 2.05 × 108 0.61

15.449 3,7-dimethyloctan-3-ol 6.34 × 107 0.37

15.459 2-prop-1-en-2-ylpyrazine 4.31 × 107 0.39

15.702 Nonanal 1.76 × 108 0.52

15.723 2-(1-methylpyrrol-2-
yl)acetonitrile 2.47 × 108 1.46 3.66 × 108 2.21 3.31 × 107 0.31 3.20 × 108 1.96 1.74 × 108 0.69 1.91 × 108 1.71 9.96 × 107 7.75 × 107

15.759 1-cyclopentylethyl
5-chloropentanoate 1.21 × 108 0.68

15.794 3-hydroxy-2-methylpyran-4-
one 1.31 × 108 0.39

15.849 2-phenylethanol 2.69 × 108 0.80 1.45 × 108 0.86 1.69 × 108 0.96 1.05 × 108 0.63 2.91 × 108 1.78 5.78 × 107 0.52 7.07 × 107 1.01 × 108

15.963 2,5-Methano-1H-indene,
octahydro- 4.27 × 107 0.25 4.77 × 107 0.43 3.54 × 106

16.061 1-(3-methylpyrazin-2-
yl)ethanone 2.61 × 108 0.77

16.107 3-ethyl-2-hydroxycyclopent-
2-en-1-one 1.35 × 108 0.80 1.09 × 108 0.66 1.39 × 108 0.85 1.63 × 107

16.131 ethyl non-2-enoate 5.95 × 107 0.18 7.13 × 107 0.42 1.10 × 108 0.66 6.62 × 107 0.59 2.40 × 107

16.138 3-butylcyclopentane-1,2,4-
trione 6.40 × 107 0.38

16.167 1-(6-methylpyrazin-2-
yl)ethanone 4.41 × 107 0.41 5.07 × 107 0.31 1.30 × 108 0.51 6.07 × 107

16.381 prop-2-enyl
furan-2-carboxylate 3.12 × 108 0.92 7.67 × 107 0.45 1.60 × 107 0.15 9.93 × 107 0.61 2.24 × 108 0.88 6.53 × 107 0.59 1.52 × 108 1.73 × 107

16.540 N-[(4-fluorophenyl)methyl]-
2-phenylethanamine 1.48 × 107 0.04

16.753 1-(5-methylfuran-2-
yl)propan-2-one 2.06 × 108 0.61

16.774 (2E,4E)-2,4-dimethylhepta-
2,4-dienal 1.93 × 108 0.57 6.77 × 107 0.40 1.52 × 108 0.86 8.82 × 107 0.53 1.86 × 107 0.17 9.79 × 107 0.60 1.35 × 108 0.53 4.83 × 107 0.43 7.48 × 107 2.21 × 107

16.795 2-methyl-3-(2-
methylpropyl)pyrazine 9.70 × 107 0.59
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17.097 1-(4-methoxyphenyl)-2-(6-
methylpyrazin-2-yl)ethanol 7.89 × 107 0.47 6.58 × 107 0.40 5.70 × 107 0.35 1.10 × 107

17.120 5-methyl-6,7-dihydro-5H-
cyclopenta[b]pyrazine 7.02 × 107 0.41

17.216 4-(5-methylfuran-2-yl)butan-
2-one 1.03 × 108 0.62

17.533 6-tert-butyl-6-methyloxan-2-
one 1.36 × 108 0.40 5.75 × 107 0.32 2.39 × 107 0.15 2.75 × 107 0.25 5.55 × 107 2.55 × 106

17.550 adamantan-1-ol 5.16 × 108 4.80 3.45 × 107 0.14 3.40 × 108

17.572 1,3,5-trimethylpiperidin-4-
one 1.32 × 108 0.39 6.51 × 107 0.38 3.89 × 107 0.24 1.30 × 108 1.21 7.21 × 107 0.44 5.62 × 107 0.22 4.32 × 107 1.75 × 107

17.900 3,4-dimethyl-1H-pyrrole-2-
carbaldehyde 1.38 × 108 0.81 1.39 × 108 0.79 9.25 × 107 0.56 1.35 × 108 1.26 2.05 × 108 1.26 1.37 × 108 0.54 5.44 × 107 0.49 2.00 × 106 6.48 × 107

17.946 3,5-diethyl-2-
methylpyrazine 1.50 × 108 0.59

17.990 2-ethyl-3,5,6-
trimethylpyrazine 6.11 × 108 1.81 1.07 × 108 0.63 9.15 × 107 0.55 3.45 × 107 0.32 8.16 × 107 0.50 1.33 × 108 0.52 4.51 × 107 0.40 3.08 × 108 2.63 × 107

18.123 N-(2-
methoxyphenyl)formamide 8.68 × 107 0.26 5.62 × 107 0.52 3.88 × 107 0.24 7.31 × 107 0.29 1.53 × 107

18.291 2,3-diethyl-5-
methylpyrazine 1.34 × 108 0.40 6.23 × 107 0.37 7.27 × 107 0.44 1.50 × 108 1.40 6.89 × 107 0.42 1.16 × 108 0.46 5.81 × 107 0.52 1.70 × 107 6.54 × 106

18.511 2,5-dimethyl-3-propan-2-
ylpyrazine 1.40 × 108 0.41 1.37 × 108 1.28 8.13 × 107 0.32 3.31 × 107

18.530 1-(3-ethylpyrazin-2-
yl)ethanone 9.88 × 107 0.61

18.531 2-hexylfuran 4.94 × 107 0.30

18.730

2,4,6-trimethylcyclohex-3-
ene-1-carbaldehyde;3,5,6-

trimethylcyclohex-3-ene-1-
carbaldehyde

1.15 × 108 0.65 3.15 × 107 0.19

18.830 2-n-Heptylfuran 1.38 × 108 0.41 1.02 × 108 0.60 7.41 × 107 0.45 1.33 × 108 1.24 6.96 × 107 0.43 1.15 × 108 0.45 1.21 × 107 1.76 × 107

18.841 (5R)-5-methyl-2-propan-2-
ylidenecyclohexan-1-one 7.22 × 107 0.65

18.850 2-(2,6,6-trimethylcyclohexen-
1-yl)acetaldehyde 1.42 × 108 0.42

18.868 1-(furan-2-yl)propan-2-one 1.47 × 108 0.43

19.013 1-(furan-2-ylmethyl)pyrrole 1.07 × 108 0.63 5.04 × 107 0.45 4.00 × 107

19.192 5-methoxybenzene-1,3-diol 4.53 × 108 1.34 2.99 × 108 1.77 3.43 × 108 1.94 3.79 × 108 2.29 7.31 × 107 0.68 4.14 × 108 2.54 4.35 × 108 1.71 2.23 × 108 2.00 1.75 × 108 8.54 × 107

19.456 1,2,3,4,4a,5,6,7,8,8a-
decahydronaphthalene 1.59 × 108 0.94 1.36 × 108 0.82 1.16 × 108 1.08 9.82 × 107 0.60 1.33 × 108 0.52 1.20 × 107 3.07 × 107

19.468
1,3,3a,4,6,6a-

hexahydropentalene-2,5-
dione

9.82 × 107 0.56

19.478 N-(4-
hydroxyphenyl)acetamide 8.44 × 107 0.51

19.569 N-(3-
hydroxyphenyl)acetamide 7.04 × 107 0.63

19.600 (Z)-3-(furan-2-yl)-2-
methylprop-2-enal 7.49 × 107 0.67
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19.723 2-methyl-5-[(E)-prop-1-
enyl]pyrazine 7.42 × 107 0.22 5.14 × 107 0.46

19.896 5,6,7,8-
tetrahydroquinoxaline 1.91 × 108 0.56 7.94 × 107 0.47 1.57 × 108 0.89 9.04 × 107 0.55 8.13 × 107 0.76 1.21 × 108 0.74 1.27 × 108 0.50 4.66 × 107 2.16 × 107

19.947 2,5-dimethyl-3-
propylpyrazine 1.15 × 108 1.07 1.37 × 108 0.54 1.56 × 107

20.141 1-(8-azabicyclo[3.2.1]oct-2-
en-2-yl)ethanone 4.95 × 107 0.15 1.70 × 107 0.10 1.33 × 108 1.24 1.32 × 107 0.08 2.14 × 107 0.08 5.80 × 107 2.69 × 107

20.150 1-(3,6-dimethylpyrazin-2-yl)-
3-methylbutan-1-one 4.35 × 108 4.05 2.53 × 107 0.10 2.90 × 108

20.163 benzene-1,2-diol 4.02 × 107 0.23

20.362 2,5-dimethylthiophene 1.21 × 108 0.36 6.01 × 107 0.36 1.27 × 108 1.18 1.04 × 108 0.64 9.75 × 107 0.38 1.56 × 107 3.10 × 107

20.370 2-acetylcyclohexan-1-one 5.13 × 107 0.31

20.413 1-hydroxypyridin-2-imine 2.97 × 107 0.18

20.419

(4-hexadecanoyloxy-5-
hydroxy-6-methylpyridin-3-

yl)
hexadecanoate

1.37 × 108 1.28 1.28 × 108 0.50 6.36 × 106

20.460 Decanal 2.71 × 107 0.16

20.623 Undecanal 7.48 × 107 0.44 6.26 × 107 0.38 2.53 × 107 0.24 4.62 × 107 0.28 1.01 × 108 0.40 3.49 × 107 0.31 5.35 × 107 1.76 × 107

20.638 3,7-dimethyl-6,7-dihydro-
5H-cyclopenta[b]pyrazine 5.39 × 107 0.30 2.14 × 107 0.20 3.71 × 107 0.23 5.50 × 107 0.22 1.91 × 107

21.129 Tridecanedial 5.78 × 107 0.17 2.52 × 107 0.15 2.93 × 107 0.17 2.27 × 107 0.14 1.28 × 108 1.19 5.19 × 107 0.32 5.00 × 107 0.20 4.29 × 107 1.62 × 107

21.138 furan-2-ylmethyl pentanoate 6.27 × 107 0.25

21.300 2-butyl-3-methylpyrazine 4.95 × 107 0.15 4.06 × 107 0.24 8.16 × 107 0.46 5.78 × 107 0.35 1.01 × 108 0.94 5.23 × 107 0.32 5.60 × 107 0.22 2.09 × 107 0.19 2.38 × 107 1.63 × 107

22.372 2-methoxy-3-propan-2-
ylpyrazine 1.44 × 107 0.08

22.427 2-Isoamyl-6-methylpyrazine 6.27 × 107 0.58 7.40 × 107 0.29 7.99 × 106

22.427 3H-benzimidazole-5-
carbaldehyde 6.53 × 107 0.19 3.25 × 107 0.19 3.50 × 107 0.20 2.56 × 107 0.15 5.00 × 107 0.47 2.94 × 107 0.18 1.90 × 107 0.07 1.99 × 107 3.46 × 106

22.841 3H-quinazolin-4-one 3.99 × 107 0.24 6.46 × 107 0.39 1.75 × 107

22.879 heptadecan-9-one 1.17 × 108 0.66

23.208 8-hydroxyneomenthol 2.60 × 107 0.15

23.236 2-[(furan-2-
ylmethyldisulfanyl)methyl]furan 4.15 × 107 0.25

23.239 1,2-dibromocyclohexane 9.36 × 107 0.55 5.15 × 107 0.46 2.98 × 107

23.279 1,4-dimethoxy-2-methyl-5-
propylbenzene 5.50 × 107 0.34

23.339 1-(4-propan-2-
ylphenyl)ethanone 3.81 × 107 0.34

23.342 1-(2,5-
dihydroxyphenyl)ethanone 5.92 × 107 0.17 4.62 × 107 0.27 3.81 × 107 0.23 5.73 × 106

23.350 1-(2,4-dihydroxyphenyl)-2-
phenylethanone 1.30 × 108 0.38 6.21 × 107 0.37 9.45 × 107 0.53 5.68 × 107 0.34 5.60 × 107 0.52 1.15 × 108 0.45 3.21 × 107 3.75 × 106

23.359 2-acetylresorcinol 8.44 × 107 0.50 5.09 × 107 0.46 2.37 × 107
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23.363 4-ethyl-2-methoxyphenol 4.77 × 107 0.19

23.518 1,2-dimethoxy-3-
methylbenzene 2.38 × 108 0.94

23.534 4-(2-aminoethyl)-2-
methoxyphenol 2.42 × 108 0.95

23.538 decan-1-ol 4.04 × 108 2.39 5.17 × 108 4.81

23.543 Nonanoic acid 8.23 × 108 2.43 7.93 × 108 4.68 8.62 × 108 4.87 8.06 × 108 4.87 1.90 × 107 0.18 9.42 × 108 5.77 8.61 × 108 3.39 4.15 × 108 8.25 × 107

23.733 Benzo-2,3-pyrrole 2.28 × 107 0.13

24.081 1-(5-methylfuran-2-
yl)propan-2-one 3.94 × 107 0.35

24.334 1-fluoro-2-[(2-methylpropan-
2-yl)oxymethyl]benzene 1.17 × 108 0.35

24.363 adamantane-1,2-diamine 9.38 × 107 0.28 7.52 × 107 0.43 8.75 × 107 0.53 7.40 × 107 0.69 8.75 × 107 0.54 8.56 × 107 0.34 2.58 × 107 0.23 9.35 × 106 3.56 × 107

24.501 2-(furan-2-
ylmethoxymethyl)furan 1.76 × 107 0.10 2.37 × 107 0.21 4.31 × 106

24.503 4-ethenyl-2-methoxyphenol 1.87 × 107 0.17

24.546 2,3-dimethyl-5-(3-
methylbutyl)pyrazine 3.14 × 107 0.28

24.762 2,5-dimethyl-3-(3-
methylbutyl)pyrazine 1.54 × 108 0.91 2.91 × 108 1.64 2.13 × 108 1.29 5.45 × 107 0.51 1.43 × 108 0.88 2.19 × 108 0.86 1.25 × 108 1.12 1.21 × 108 3.81 × 107

25.204 4-ethyl-1,2-
dimethoxybenzene 1.61 × 108 0.95 1.51 × 108 0.85 2.03 × 108 1.24 8.61 × 107 0.77 5.92 × 107

25.221
2,4,4-trimethyl-3-(3-

methylbutyl)cyclohex-2-en-
1-one

4.30 × 108 2.54 2.84 × 108 1.72 1.15 × 108 1.07 5.22 × 108 3.20 3.64 × 108 1.43 1.76 × 108 1.20 × 108

25.350 2-aminonaphthalen-1-ol 3.79 × 107 0.11 8.61 × 108 8.02 4.65 × 107 0.18 4.73 × 108

25.383 4-methyl-1H-quinolin-2-one 4.00 × 107 0.12 2.70 × 107 0.16 4.01 × 107 0.23 1.72 × 107 0.10 2.28 × 107 0.14 7.07 × 104 4.92 × 106

25.870 2-methylchromen-4-one 2.54 × 107 0.08 1.17 × 107 0.07 6.85 × 107 0.39 3.74 × 107 0.23 8.56 × 107 0.80 2.62 × 107 0.16 2.84 × 107 0.11 1.42 × 107 0.13 2.98 × 107 1.18 × 107

26.529 4-ethenyl-1,2-
dimethoxybenzene 3.54 × 107 0.10

26.737 2-methoxy-5-[(E)-prop-1-
enyl]phenol 2.57 × 107 0.15 1.63 × 107 0.10 2.19 × 108 2.04 2.31 × 107 0.09 1.12 × 108

26.761 4-ethoxy-3-
hydroxybenzaldehyde 1.19 × 108 0.35 2.92 × 107 0.17 3.64 × 108 3.39 2.46 × 107 0.10 1.59 × 108

26.904 2-methoxy-4-prop-2-
enylphenol 3.67 × 107 0.22 7.34 × 107 0.41 1.85 × 107 0.17 1.29 × 107

27.813
7-methyl-4-oxo-1H-1,8-

naphthyridine-3-carboxylic
acid

3.39 × 107 0.20

27.817 1-(2,6,6-trimethylcyclohexa-
1,3-dien-1-yl)but-2-en-1-one 2.07 × 107 0.12 1.83 × 107 0.11 4.65 × 107 0.43 1.50 × 107 0.09 3.39 × 107 0.13 8.91 × 106 2.86 × 106

27.825 3-methyl-1H-indole 5.83 × 107 0.33

27.842 dodecan-2-ol 3.97 × 107 0.12

28.016 Tetradecane 2.84 × 107 0.26 1.37 × 108 0.54 7.68 × 107

28.057 5-(1,5-dimethylpyrrol-2-yl)-
2H-tetrazole 2.31 × 107 0.22 2.50 × 107 0.10 1.34 × 106
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28.321 (5E)-6,10-dimethylundeca-
5,9-dien-2-one 2.30 × 107 0.14 4.88 × 107 0.28 3.09 × 107 0.19 2.46 × 107 0.23 3.58 × 107 0.22 4.22 × 107 0.17 1.01 × 107 0.09 1.25 × 107 1.12 × 107

29.385 1-(furan-2-ylmethyl)pyrrole 5.54 × 107 0.33

30.200 dodecan-1-ol 3.39 × 107 0.32 4.06 × 107 0.16 4.74 × 106

30.590 Nonatriacontane <n-> 2.50 × 107 0.15 1.24 × 107 0.08 8.91 × 106

31.182 Pentadecane <n-> 1.37 × 108 1.28 2.76 × 107 0.11 7.74 × 107

32.049 2,3,5-trimethylbenzene-1,4-
diol 9.42 × 106 0.06 1.17 × 107 0.07 1.61 × 106

32.316 1-iodohexadecane 5.58 × 107 0.50

33.663 1,3,7-trimethylpurine-2,6-
dione 2.50 × 107 0.23 3.31 × 107 0.13 5.73 × 106

34.323 Pentadecane <n-> 4.22 × 107 0.39 4.41 × 107 0.17 1.43 × 107 0.13 1.34 × 106

34.795 2,3,5-trimethylbenzene-1,4-
diol 4.06 × 107 0.38 1.60 × 107 0.06 1.74 × 107

36.303 1-iodohexadecane 2.76 × 107 0.26 1.86 × 107 0.07 1.21 × 107 0.11 6.36 × 106

45.432 1,3,7-trimethylpurine-2,6-
dione 4.34 × 107 0.13 2.83 × 107 0.17 1.94 × 108 1.10 3.89 × 107 0.24 3.31 × 107 0.31 1.92 × 108 1.18 6.62 × 107 0.26 3.94 × 107 0.35 7.45 × 107 7.84 × 107

TOT 3.38 ×
1010 100 1.69 × 107 100 1.77 × 107 100 1.66 × 107 100 1.07 × 107 100 1.63 × 107 100 2.54 × 107 100 1.12 × 107 100

RT = Retention Time; VOCs = Volatile Organic Compounds; Dev.St = Standard Deviation.
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Indeed, over one thousand different chemical entities have been identified in coffee
beans; a significant number of these will be extracted during brewing, a comparatively
small subset of chemicals impact on the aroma. The coffee aroma intensity is influenced by
the compression of the coffee pod, which improves the extraction of the volatile fraction.
Indeed, the results show how the coffee obtained by the pods has a more intense volatilome.
Studies often consider two main factors when discerning a compounds’ aroma impact: the
concentration of the compound, and the compound’s odor threshold, i.e., the minimum
concentration at which we can detect its smell [19]. The ratio of a compound’s concentration
to its odor threshold gives the compounds an ‘odor activity value’ (OAV) [20], which
gauges its importance to the overall aroma. Several families of compounds are significant
contributors to coffee’s aroma. Some examples can be families of compounds such as
aldehydes, which generally add a fruity and green aroma, furans, which contribute caramel-
like odors, and pyrazines, which have an earthy scent. Guaiacol and related phenolic
compounds offer smoky, spicy tones, and pyrroles and thiophenes are also present in low
concentrations. A closer look to all the volatile compounds that we found with the GC–MS
results, shown in Table 1, explains how several of them were common concerning the
four samples with and without capsule. Regarding the first one, there were 29 volatiles in
common between the sample with capsule between a total number of 205 total compounds
found. In particular:

• Five of them are aldehydes: 2-methyl- Butanal; 5-methyl-2-furancarboxaldehyde;
1H-Pyrrole-2-carboxaldehyde; Furfural; and Isocyclocitral. Aldehydes are important
molecules because they enrich the volatilome with floral flavors [21].

• Three are pyrazines: methyl-Pyrazine; 2,6-dimethyl-Pyrazine; 2-methyl-Pyrazine;
3-ethyl-2,5-dimethyl Pyrazine. Pyrazines are compounds formed during cooking
processes in food matrices consisting of both a sugar fraction and a protein/amino
acid fraction, characterizing the typical toasted notes that are perceived from the food.

• Six are of them are alcohols 2-Furanmethanol; 1-1(H-pyrazol-1-yl)-2-Propanone; 2-
Furanmethanol acetate; 2-Furanmethanol, propanoate; Maltol; Benzo-2,3-pyrrole.
Alcohols can have two functions. They can directly influence the volatilome or indi-
rectly act as precursors of aldehydes and ketones.

• Three are furans: 2-Hexanoylfuran; 2,2′-methylenebis-Furan; 2,2′-[oxybis(methylene)]bis-
Furan. Furan is a colorless chemical with a low molecular weight and highly volatile.
It forms as a result of food heating and contributes to the roasted taste in some. The
coffee and in particular when roasted, represents a source of alimentary exposure to
the furan.

• Five are ketones: 1-(2-methyl-1-cyclopenten-1-yl)-Ethanone; 1-(6-Methyl-2-pyrazinyl)-
1-ethanone; 1-(5-methyl-2-furanyl)-1-Propanone; 1-(2,5-dihydroxyphenyl)-Ethanone;
1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-(E)- 2-Buten-1-one. Ketones are important
molecules because they enrich the volatilome with floral flavors.

• Two are phenols: Phenol; 2-methoxy-Phenol. Phenols are molecules possible to
find in the raw material. Generally, polyphenols and chlorogenic acid have higher
concentration.

• Two acids: Propanoic acid ethenyl ester; Furfuryl pentanoate. Carboxylic acids are a
part of the non-volatile component of coffee seeds after roasting, generated as a result
of complex reactions that occur during roasting.

• One alkaloid: Caffeine. This compound is responsible for the bitterness.

On the other hand, the results about coffee obtained without capsule, shown in Table 1,
highlight a few more common compounds between the four samples, in particular 34:

• Six of them are aldehydes: 2-methyl-Butanal; Furfural; Nonanal; Phenylacetaldehyde;
1-methyl-1H-Pyrrole-2-carboxaldehyde.

• Five are pyrazines: methyl-Pyrazine; 2,6-dimethyl-Pyrazine; 3-ethyl-2,5-dimethyl
Pyrazine; (1-methylethenyl)-Pyrazine; 3,5-diethyl-2-methyl-) Pyrazine.

• Six of them are alcohols: (2-Furanmethanol; 2-Furanmethanol acetate; Maltol; 1-(2-
furanylmethyl)-1H-Pyrrole; Indole; 5-methyl-1H-Indole.
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• Three are furans: 2,2′-methylenebis-Furan; 5-methyl-2-furancarboxaldehyde; N-(2-
furfuryl)-Urea.

• Five are ketones: 1-(2-methyl-1-cyclopenten-1-yl)-Ethanone; 1-(5-methyl-2-furanyl)-1-
Propanone; 1-(acetyloxy)-2-Propanone; 1-(2-furanyl)-Ethanone; 1-(2-furanyl)-2-Butanone;
1-(1H-pyrrol-2-yl)-) Ethanone.

• Five are phenols: Phenol; 2-methoxy- Phenol; 2-methyl-Phenol; 2-methoxy-5-(1-
propenyl)-, (E)-Phenol; <4-vinyl-> Guaiacol.

• Two acids: Furfuryl pentanoate; Furfuryl propionate.
• One Benzene: 4-ethyl-1,2-dimethoxy Benzene.
• One Alkaloid: Caffeine.

Overall, it is clear how all the samples are similar and consequently how the pack-
aging protection does not cause a significant change on the volatiles detected, but only
has an influence in the abundance level of several of them. This result was validated
using the statistical analysis of ANOVA and T of Tukey in order to verify which samples
were statistically different between each other. The ANOVA test was performed on all
the compounds for each sample with and without capsule. ANOVA results showed a
p-value of 0.0017 which indicates that there are differences between the various types
of samples. To verify which extracted coffees were different from each other Tukey test
showed that the only significant differences statistically significant are between Biologico
(capsule)—Guatemala (no capsule) and Guatemala (capsule)-Guatemala (no capsule) with
a p value of 0.0032 and 0.0289, respectively.

Regarding PCA analysis the results are shown in Figures 5–8. In all four cases the
comparison was made between the volatilome of the sample with and without capsule.
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Figure 8. PCA score showing the comparison between volatile spectra compound of Guatemala
coffee “with capsule” and “without capsule” exhibiting an EV (explained variance) = 73.44%.

We can conclude overall that PCA previously showed the EV was never under the
72%. This represents an optimum result since at least the 72% of the total variability of the
samples was enclosed between the hyperplane (enclosed between the first two principal
components), PC1 always being the component with a larger load, reaching 53% in the
case of the Deciso samples. As a matter of fact, the PCA shown in Figures 5–8 confirm
what was previously discussed. It is clear how the three replicates for all the four samples
extracted with capsule create a compact cluster (S4, S5, S6), separated on the hyperplane
compared with that formed by the ones without capsule (S1, S2, S3). In addition, PCA
analysis confirms another aspect of this study. Indeed, the coffee capsule clusters are more
compact on the hyperplane than the coffee without capsule, meaning that the first ones (S4,
S5, S6) are more similar due to the performed product standardization.

4. Conclusions

This investigation was based on the analysis of four different samples (Biologico,
Deciso, Dolce, Guatemala). The results were performed using gas chromatography and
mass spectrometry (GC–MS), obtaining the volatilome of the four typologies with and
without capsules and allowing to discriminate these two methodic. The multivariate
statistics performed confirm the aim of the work. It can be concluded that the coffee aroma
intensity is influenced by the presence of packaging. Thus, apart from being able to reduce
the migration of oxygen, it allows to decrease the loss of volatile compounds. Indeed, the
most important physical and chemical events involved in coffee without capsules during
storage are volatile release, oxidation reactions, carbon dioxide release and surface oil
migration. These reactions cause the loss of freshness of roasted coffee, which would
thus determine a progressive deterioration of the aroma profile that has more impact in
ground coffee, and would be reduced with the utilization of the polypropylene capsule.
In addition, the economical side is determinant and characteristic as time optimization
or standardization are important for any seller, that could also be achieved with the use
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of coffee capsules. Furthermore, coffee capsules can exhibit an extended shelf life of the
product and reduce costs of a Ho. Re. Ca. activity. Thus, the professional machines
could provide standardized organoleptic characteristics of each coffee, without the need of
training the operator. Consequently, coffee capsules can assure a maintenance of the aroma
intensity and avoid the deterioration that would occur for the coffee without capsule.
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