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Abstract
This study examined the influence of ground coffee granulometry and particle distribution on extraction parameters. They 
have been investigated the physicochemical properties, and the bioactive and volatile compound content in coffee obtained 
by a conventional filter method, the French Press, as a function of particle size and distribution. Some samples have been 
used for the extraction the directly the grinding machine, set at different grinding grade, and other samples have been seed 
before the usage in order to reproduce samples at different particle size class very homogeneous. The results showed that 
bioactive and volatile compounds are released differently in the beverages depending on the specific particle size. The results 
have been demonstrated that a homogeneous grind was more deficient in bioactive compounds and total dissolved solids 
than a classical, bimodal grind. Moreover, extraction from a very fine homogeneous grind was poorest with respect to these 
compounds, despite the greater surface in contact with the solvent. Conversely, bimodal grinds obtained conventional by the 
grinding machine, which were more heterogeneous from a granulometric point of view, were found to be richer in volatile 
organic and bioactive compounds. The study highlights that the grind plays a key role in producing well-extracted coffee 
and, therefore, in making the most of the potential inherent in the roasted bean.
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Introduction

Coffee is one of the most liked and appreciated beverages, 
being consumed for its stimulating and hedonistic proper-
ties, which are dependent on the green beans' composition 
and changes occurring during the process of transformation 
from beans to beverages [1].

Coffee brewing combines two extraction steps. During 
the first phase, namely washing phase, free solubles are rap-
idly extracted from the particle surface, while in the second 

phase, the diffusion phase, internal solubles are extracted 
from the matrix [2]. Extraction capacity is reported to be 
a function of the total particle surface, and is closely cor-
related to particle size [3].

Normally, for every brewing coffee technique is necessary 
to adopt a specific protocol of extraction. In particular, beans 
should be ground into particles with a consistent size, and 
extraction studies prove that various methods (e.g. espresso, 
French Press, or other filter methods) require a specifical 
particle size distribution [4]. If the particle size is too coarse, 
water can flow through large channels, resulting in a low 
extraction yield (under-extraction). On the other hand, if the 
powder is too fine, the ground coffee powder cake becomes 
very compressed and generates a resistance to the passage of 
the water, that increases the contact time between water and 
powder and produced an over-extracted coffee [5].

The food powders are widely used food materials, both 
in industry and households. They have several physical 
properties, larger studied, and that change of importance in 
function of the foods considered. Particle size distribution 
represents one of the most important identifiers of powders 
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physical properties [6, 7]. Ground coffee is characterized by 
particles or granules that have a theoretical size. The powder 
may be indicated as a profile, named particle size curve, 
often with a bimodal distribution. The particle diameter 
can range from a few micrometres up to 1000 μm. After 
grounding step, volatile compounds are released, and chemi-
cal compounds are quickly dissolved in hot water, giving 
coffee its particular aroma [8].

It is well studied that variation in factors connected to 
coffee preparation (e.g. the blend composition, roast grade, 
grind, water temperature and pressure, percolation time and/ 
or beverage volume) can specially diversify the ‘cup result’, 
not only in terms of the flavour, aroma and chemical com-
pounds, but also in terms of the characteristics of the differ-
ent chemo-physical phases present in the beverage (foam, 
emulsion, suspension and solution) and in consequence their 
properties [9–11].

Typically, the grind used to make coffee beverage has a 
bimodal particle size distribution, where the coarse fraction 
ensures correct water percolation and provides the skeleton 
of the coffee cake, while finer particles ensure a high dif-
fusion rate [12]. Consequently, the resulting powder is not 
entirely homogenous, although a coffee grinder can pro-
duce precise and repeatable results, it will always produce 
two fractions, regardless of the chosen setting (the distance 
between the rotating parts).

Several authors have studied the relation between particle 
size distribution and the quality of the coffee. These stud-
ies have been focused on the impact of grinding step on the 
physical (pH, total solids), chemical (kinetics and mecha-
nism of Caffeine and CGAs infusion) [2, 13]

Particularly, Severini and co-authors [14] showed that 
a highly significant source of variation in espresso coffee 
quality was the grinding class, and demonstrated that this 
factor accounted for at least 80% of variation. Another study 
[15] investigated the influence of three grinding levels (fine, 
medium, coarse) on the aromatic profile of Espresso cof-
fee. However, a major problem occurred, notably that it was 
difficult to differentiate the effects of percolation time and 
grinding grade.

In fact, as demonstrated by several studies, there is an 
immediate relationship between the flow rate and the size 
distribution of coffee particles. A higher amount of fine 
particles involve a slower flow rate and at the consequence 
the coffee that is ‘shorter’ compared to a beverage obtained 
from a powder where is present a major number of large 
particles, considering the same extraction time [16, 17]. 
Too-fine powder reduces the flow rate and products in over-
extracted coffee, while a too-coarse grind increases the flow 
rate, resulting in under-extracted coffee [9]. Finally, other 
studies have evaluated the effects of classes of ground coffee 
particle size on espresso coffee quality,[17, 18]. Particularly, 
these authors reported that Arabica EC prepared using coffee 

particle sizes ranging between 300 and 425 μm exhibited the 
highest concentration of volatile compounds, among the dif-
ferent particle size distributions analysed. On the contrary, 
another study [19] has demonstrated that extracting with 
smaller particles increases the concentration of bioactive 
compounds in cup increased moving from 500–1000 µm to 
200–300 µm particle size.

To avoid the uncontrollable effect of the flow rate/con-
tact time between powder and water, and search to under-
stand better the influence of grinding method and also the 
extraction capability of the different coffee powder particle 
size classes, it has been proposed this study in which has 
been consider a static extraction process, the French Press 
method. The static French Press method overcomes the 
problem of the influences of percolation time and flow rate.

Thus, the study has been focused on highlights the dif-
ferences between homogeneous grinds, where the particle 
size (more fine or more coarse) has been controlled after 
grinding by sieving operation (S), and between conventional, 
heterogenous-sized coffee particles, which are affected by 
the grinder (G) setting and used directly for the extraction 
without the sieving step.

Materials and methods

Sample preparation: grinding, separation 
and extraction

The same batch of 100% Arabica coffee (Fazenda Bai-
aneira Brasil, roasted by D612, Firenze, Italy) was used 
for all extractions. Each pack of beans (250 g) was opened 
immediately before grinding to avoid oxidative damage. The 
coffee beans have been ground with a professional grinder 
(EK43 Mahlkönig AG, Switzerland). Approximately 2500 g 
of ground coffee was used for the experiment. One first part, 
around 500 g of powders were produced by the grinder and 
directly used for the extraction. The three conventional 
grinding settings chosen were: G2 (fine), G6 (medium), and 
G11 (coarse). Part of the powder ground at each setting was 
used for the construction of another powder puck, that con-
sisted of an equal proportion of each of the three settings 
(G2 + G6 + G11), as reported in recent research [20]. This 
configuration was previously tested for espresso extraction 
but was adopted here for the French Press extraction.

The other part of powder coffee was used to test the sam-
ples that beyond the grinding step had a sieved operation 
before the extraction phase. Thus, approximately 2000 g of 
ground coffee was used to ensure the minimum amount of 
25 g of fine ground belonging to the class S2, including its 
replicates.

The powders were sieved through six sieves (Endecotts, 
Endecotts Ltd, 9 Lombard Rd, London, SW19 3TZ, UK) 
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to obtain 6 homogenous particle size classes. Each of the 
six sieves had a different mesh size (Table 1), and samples 
were obtained using a 30 min shaking cycle on a vibratory 
sifter. This procedure was performed two times to recover 
the necessary quantity of ground coffee, while check-
ing that the weight of the sieves was constant. In order to 
separate agglomerates and to facilitate detachment of the 
fine particles adhering to the sieves, a brush was used. Col-
lected fractions are described as: S1 related to a sieving 
range < 124 µm, S2 to 125–249 µm, S3 to 250–399 µm, S4 
to 400–599 µm, S5 to 600–799 µm, and S6 > 800 µm.

Only the powders from sieves S2 (125 < X < 249 µm), S4 
(400 < X < 599 µm) and S5 (600 < X < 799 µm) were used to 
brew of the beverages. S2 particles were the finest, while S4 
and S5 were larger, and more comparable to the particle size 
typically used in French Press extraction.

The experiment was designed to highlight differences 
between grinding methods in terms of the physicochemical 
characteristics of brewed coffee, and its aromatic aspects.

The grinding phase was the factor tested in the experi-
mental plan, for this reason, standardized procedures were 
used to produce the beverage, changing only the grind con-
ditions. Five replicates were performed for each condition. 
The sequence of coffee preparation was entirely randomized. 
Thus, on the overall, seven powder distributions were tested. 
Three corresponded to the three different grinder settings 
(G2, G6, G11), one consisting of the recombination of 
G2 + G6 + G11, and the last three distributions correspond-
ing to the sieved powders (S2, S4, S5).

The same mass of coffee powder was used to prepare the 
coffee beverages. Thus, 25 g of ground coffee and 250 g 
at 95 °C of hot water were mixed in a brewer fitted with a 
mesh plunger (a French Press). The beverage was brewed for 
5 min, then the piston was pushed to stop the coffee ground 
at the bottom of the vessel, following the SCAA procedure 
[21]. With the mesh inside the plunger beverage was imme-
diately separated and filtered after the plunger is pushed 
down. As water plays a crucial role in coffee quality, the 

samples were prepared using a commercial brand of mineral 
water (Acqua Levissima, TDS 80 mg/L, calcium hardness 
57 mg/L, alkalinity 32 mg/L, pH 7.8).

Physicochemical analyses

Physical analyses

All samples were brought to 20 °C before selected param-
eters were analysed and evaluated. A portable digital mul-
tiparameter instrument (PH7200, ORMA srl Via Catone, 
19–20158 Milano, Italy) was used to determine pH and con-
ductivity. Total dissolved solids (TDS) were determined with 
a refractometer (VST LAB Coffee Refractometer, USA). The 
dissolved solids concentration has been calculated as a total 
percentage of ground dissolved in the coffee beverage: Total 
Coffee Brewed (g) * TDS % / powder used (g).

Analyses of caffeine and chlorogenic acids (CGAs)

Coffee samples were diluted 1:10 with distilled water, and 
then centrifuged at 16,900×g for 5 min before HPLC–DAD 
analysis. The HPLC determination was realized by an Agi-
lent HP 1100 system equipped with a column heater module, 
an autosampler, and a quaternary pump coupled to a diode 
array detector (DAD) all from Agilent Technologies (Palo 
Alto, CA, USA). A 150 mm × 3 mm i.d., 2.7 μm Poroshell 
120, ECC18 column (Agilent Technologies) was used, 
equipped with a precolumn of the same phase, and main-
tained at room temperature. Analysis conditions were the 
same as reported in previous work [22]; elution was per-
formed at a flow rate of 0.4 mL/min using water at pH 3.2 
by formic acid and acetonitrile and applied a multistep linear 
solvent gradient. Chromatograms were registered at 278 for 
caffeine and 330 nm for the CGAs. Caffeine and CGAs were 
identified by comparing their retention times and UV–Vis 
spectra to those of the respective standards when possible, 
otherwise with our previous data. CGAs were evaluated by 
HPLC–DAD using, for 5-O-caffeoylquinic acid (purity 99%) 
(Extrasynthèse, Genay, France), a six-point calibration curve 
at 330 nm (0–1.509 μg; R2 = 0.9991), while caffeine con-
tent was measured using a six-point calibration curve (purity 
95%) at 278 nm (0–0.7575 μg; R2 = 0.9993). Quantitative 
data were expressed as mg/mL of coffee.

HS–SPME–GC–MS analysis

The concentration of a number of volatile organic com-
pounds (VOCs) was defined by HS–SPME–GC–MS, as 
described in other work [23]. An Agilent 7820 gas chro-
matograph, equipped with a 5977 MSD detector with elec-
tron ionization (Agilent, Santa Clara, CA, USA) was used 
for the determination. A DVB/CAR/PDMS 50/30 μm-2 cm 

Table 1   Distribution (%) of particle size for each grinding grade (G) 
of coffee powder (mean ± standard deviation) in the sieve (S)

Grinding grade

Powder (%)

Sieve Particle size class 
(µm)

G2 G6 G11

S1 56 < X < 124 0.57 ± 0.13 0.60 ± 0.07 0.64 ± 0.15
S2 125 < X < 249 19.53 ± 1.68 8.96 ± 0.17 7.75 ± 0.06
S3 250 < X < 399 39.68 ± 1.30 34.98 ± 1.30 11.18 ± 0.18
S4 400 < X < 599 31.62 ± 1.86 42.33 ± 0.87 24.91 ± 0.65
S5 600 < X < 799 8.59 ± 0.37 12.01 ± 1.36 37.77 ± 1.74
S6  > 800 1.82 ± 0.56 2.40 ± 0.20 15.52 ± 0.37



1250	 European Food Research and Technology (2023) 249:1247–1256

1 3

fibre (Supelco, Sigma, Darmstadt, Germany) was used 
for headspace sampling. The system was provided with a 
Gerstel MPS2 XT (Gerstel GmbH & Co, KG, Germany) 
autosampler for SPME analysis. Analyses were carried out 
by pipetting 5 mL of each specimen, 50 μL of an internal 
standard mixture (ISTD MIX), and 2 g of sodium chloride 
into 20 mL screw-cap vials fitted with a PTFE/silicone 
septum.

VOC determination was performed by a comparison of 
retention times and mass spectra with those of the stand-
ard added for calibration. To create the calibration lines, a 
standard solution was prepared, containing the 17 selected 
analytes. Every compound was diluted in a water/acetone 
solution 50/50 to a concentration of 10,000 mg/L (1:100 
dilution), parts of these solution were added in a 50 mL 
volumetric flask and brought to volume with distilled 
water so as to obtain the maximum level of concentration 
on the calibration scale. All other calibration levels were 
obtained by dilution (2, 4, 8, 16, 32 times) of this STD 
MIX solution. Finally, 5 mL of each calibration level was 
pipetted into 20 mL headspace vials and analysed.

Statistical analysis

The analysis of variance (ANOVA) was applied to con-
front the different samples. The factors were considered 
significantly different at p < 0.05. The post hoc Tukey 
honestly significant difference (HSD) test was applied to 
assess differences among mean values of variables where 
appropriate with a level of significance of 95%. The statis-
tical analyses were conducted with the R software (version 
3.4.0 for Windows).

Principal component analysis (PCA) was applied using 
XLSTAT 2020, to describe the effect of granulometric dis-
tribution on the physical and chemical properties of the 
coffee beverage.

Results and discussion

Physical analyses

The physical characterization of the coffee beverages pro-
duced using the different preparation methods is shown in 
Table 2. This analysis highlighted significant differences 
between grinding grades for TDS %, extraction %, conduc-
tivity and pH (p < 0.001).

Beginning with TDS %, highest values were found for 
beverages prepared using powder obtained directly after 
grinding, while values were lowest for all beverages obtained 
with sieved powder. The highest value was registered for 
the G2 sample, followed by our new method to prepare 
coffee powder puck, that is composed of equal parts of 
G2 + G6 + G11. TDS were lowest in samples obtained using 
the homogeneous/ sieved finest powder (particle size ranging 
between 125 and 249 um).

Averagely the TDS% reported in previous research [24] 
related to the French press extraction system was around 
1.4%, very similar value is observed for the samples obtained 
with G6 and G11 grinding mode, that represent the grind-
ing grade more similar to the French press standard. TDS 
% directly correlates with coffee strength: high values are 
consistent with a strong brew and reflect the extraction level. 
It is well known that TDS % affects the sensory property 
described as ‘body’ [4]; it seems to be related to the coffee/ 
water ratio [9], and the brewing procedure [25].

Although the literature contains no data related to TDS, 
this factor is employed by baristas, and is recommended by 
SCAA to assess the correct degree of extraction.

Regarding extraction %, the same trend was observed. The 
highest value was found for the G2 sample (21.4 ± 0.9%), 
followed by the mixed grind (G2 + G6 + G11), while the 
lowest value was for S2. Percentages were similar for S4 and 
S5, but always low. SCAA guidelines state that extraction 
% should be in the range 14–23%. Averagely the extraction 

Table 2   Physical 
characterization of coffee 
beverages1

1 Data are expressed as mean ± standard deviation. Letters (a,b,c,d,e) indicate statistically significant differ-
ences (p < 0.05) between coffee powder classes. The code G indicates the grinder setting, and the code S 
indicates the tested sieve class

TDS % Extraction % Conductivity mS/cm pH

Grind Mean ± SD Mean ± SD Mean ± SD Mean ± SD

G2 2.38 ± 0.16 a 21.38 ± 0.94 a 3.31± 0.76 a 5.6 ± 0.29 c
G6 1.34 ± 0.08 cd 12.63 ± 0.52 cd 2.41 ± 0.05 bc 5.59 ± 0.07 c
G11 1.45 ± 0.07 c 13.27 ± 0.66 c 2.62 ± 0.17 b 6.33 ± 0.30 b
G2 + G6 + G11 1.69 ± 0.04 b 15.42 ± 0.41 b 3.02 ± 0.05 ab 6.64 ± 0.21 ab
S2 0.89 ± 0.09 e 8.64 ± 0.20 e 1.96 ± 0.07 c 6.87 ± 0.12 a
S4 1.25 ± 0.03 cd 11.34 ± 0.23 d 2.32 ± 0.07 bc 6.22 ± 0.42 b
S5 1.12 ± 0.03 de 10.28 ± 0.34 d 2.19 ± 0.04 bc 6.26 ± 0.45 b
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% reported in previous research [24] related to the French 
press extraction system was around 18%. Our data are gener-
ally consistent with this range, except for coffees produced 
with the sieved powder (S2, S4 and S5), which appear to be 
under-extracted. Data for TDS and extraction % were con-
firmed by measurements of conductivity. In fact, results were 
closely related. Electrical conductivity depends upon the 
concentration, mutual interactions and mobility of ions [26]; 
here again, values were highest for G2 and G2 + G6 + G11 
samples, and the lowest value was observed for S2.

The initial analysis of these parameters revealed a sig-
nificant effect of particle size/ composition. In particular, 
there was a clear effect of sieving; homogenous particle size 
classes appear to have a reduced capability to extract avail-
able solutes. Unsieved powders obtained by conventional 
grinding were better able to extract solutes, as was the mixed 
coffee powder puck, (G2 + G6 + G11), which represent the 
most heterogeneous powder tested in terms of both composi-
tion and particle size.

Significant differences were also observed for pH values 
(p < 0.001). G2 and G6 were the most acidic brews (pH 5.6), 
and acidity decreased (pH increased) up to a value of 6.8 for 
sample S2.

Evaluation of caffeine and CGAs

Figure 1 shows that there was a significant difference in 
caffeine and CGAs concentrations for the tested grind-
ing methods (p ≤ 0.05). For caffeine, values were highest 
for G2 (1.23 ± 0.01), while lowest concentrations were 
observed for S2 (0.49 ± 0.05). Significant differences were 
also found between these two samples and other grinding 

grades. Concentrations were similar in G6 and G11 samples 
(0.77 ± 0.01, 0.85 ± 0.08, respectively) and the mixed grind 
(G2 + G6 + G11). Although the mixed sample contained 
about 33% of each grinding grade, the caffeine concentra-
tion was more similar to G6 or G11 than G2. Intermediate 
values were registered for S4 and S5.

Several studies have indicated that caffeine content ranges 
from 2.4 to 4.5 mg/mL for EC (25 mL), from 0.4 to 1.4 mg/
mL for American or filtered methods (200 mL), from 0.2 
to 0.5 for French Press or Plunger (100 mL), and from 0.7 
to 5.4 mg/mL for Moka (30 mL) [25, 27]. A recent study 
[13] investigated Arabica coffee extracted with the French 
Press system, and found values ranging from 1.03 ± 0.04 
to 1.09 ± 0.06 mg/mL of caffeine, depending on the degree 
of roasting. However, a research [24] obtained significantly 
lower results for Arabica coffee (0.52 ± 0.06 mg/mL). The 
main differences in the latter two studies were related to the 
origin of the coffee and the grinding grade.

In our study, grinding grade G2 corresponds to the par-
ticle distribution reported in Table 1. Notably, in this case, 
particle size is more widely distributed across the different 
size classes, and more caffeine and CGAs were extracted. 
Our result is in agreement with the findings of other stud-
ies [28, 15], which found that caffeine content increased 
significantly as particle size decreased. The latter authors 
concluded that smaller particle size was consistent with 
a significant increase in caffeine content. Our study con-
firms this observation for finely ground powder that is used 
directly after grinding. Conversely, homogeneous, sieved 
powder of the same grade results in lower overall extraction 
of compounds. This is especially true for S2 distribution. 
This occurrence is of difficult explanation. The authors can 
only suppose that there is a different repartition of bioactive 
compounds inside the coffee beans, and this could determine 
different concentrations of the same compounds in powders 
of different size.

Earlier work suggests that a plurimodal particle size dis-
tribution is optimal, as coarse particles establish a structure 
that ensures the correct flow of water through the cake, while 
finer particles facilitate the extraction of large amounts of 
emulsifiable soluble substances [12]. Our results partly con-
firmed this assumption, as best performance was obtained 
with the pluri-bimodal particle size, notably samples G2 and 
the recombined sample G2 + G6 + G11, where the highest 
concentrations of compounds were extracted.

A recent study observed that differences in brewing time 
were not great enough to be the cause of an up to twofold 
difference in caffeine content, and that it was more likely 
that other factors such as bean variety and grinding grade 
affected the final caffeine content [29]. Our experiment con-
firms the findings of other studies of espresso extraction [15, 
18]. It confirms that it is possible to obtain different concen-
trations of caffeine in beverages made with the same coffee 

Fig. 1   Caffeine content (mg/ mL of extract) and the sum of CGAs. 
Letters indicate statistically significant differences between particle 
size classes. Capital letters indicate differences in CGAs, while low-
ercase letters indicate differences in caffeine. Error bars correspond to 
the standard deviation (95%)
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batch and the same standard extraction procedure, simply by 
modifying the grinding grade.

Volatile organic compounds

Coffee is mostly consumed for its flavour and aroma; these 
key attributes define the quality of the product. Over 1000 
VOC have been identified in roasted coffee, although only 
around 5% may be responsible for the aroma, i.e., about 50 
compounds [30, 31]. The main classes of relevant com-
pounds are furans, pyrazines, aldehydes and ketones [22, 
32]. Table 3 reports the concentration of each compound 
evaluated in our study, and shows that furans and ketones 
were most prevalent. This finding is in accordance with Cor-
doba et al. [33] and other studies [31, 34]. Furans are respon-
sible for a malty and sweet roasted aroma, with a relatively 
high sensory threshold compared to other volatile groups 
found in coffee [35, 36]. Furan concentrations were highest 
in our G6 grind, while values were lowest for beverages 
produced with sieved powder.

According to López-Galilea [32], ketones are one of the 
most abundant compounds in filtered coffee, and have been 
described as having buttery, caramel-like, musty, mush-
room-like or fruity odour notes. Three ketones were identi-
fied in our samples (2,3-pentanedione, 2,3-butanedione and 
2-butanone), but no difference was observed in their con-
centrations as a function of particle size. The exception was 
2-butanone, where concentrations were higher for samples 
obtained with coarse-ground powder.

Two aldehydes were identified in our samples; these com-
pounds have been related to chocolate and malty odours in 
coffee [37]. Concentrations were highest for 2-methylbu-
tanal (564.23 µg/L), but no statistically significant differ-
ences were observed between samples. Pyrazines were 
also detected in our samples. These compounds have been 
described as having nutty, earthy, roasty and green aromas 
[33], and are reported to be most noticeable at higher serv-
ing temperatures [32]. Our analyses identified that the total 
content of these compounds ranged from 1060 to 1500 µg/L, 
and those concentrations varied significantly among the 
various particle size classes (Table 3). Pyrazine concentra-
tions were highest in samples obtained with conventional 
ground powder used directly after grinding (and, thus, with a 
bimodal distribution). Lower concentrations were registered 
for beverages obtained with homogenous, sieved powders 
(S2, S4, S5).

Pyrroles are another VOC class found in coffee beverages. 
Flament [38] describes them as furan degradation products 
and amino acid derivatives. Our experiment identified dif-
ferent trends. The concentration of 1-furfurylpyrrole was 
highest in samples obtained with a homogenous distribu-
tion and was lowest for unsieved samples with a bimodal 
distribution. Although this could suggest that a main effect 

could be attributed to the type of distribution (homogenous 
or bimodal) rather than particle size, in fact, no significant 
differences emerged between the same type of distribution 
(homogenous or bimodal).

Phenols are said to be responsible for the smoky phe-
nolic odour notes in roasted coffee [39]. In our experiment, 
phenols followed the same trend as pyrazines—concentra-
tions were highest in samples produced with the bimodal 
distribution.

To summarise our results, the particle distribution 
(homogenous or bimodal) affected the VOC composition 
of coffee for some classes of compounds. On one hand, the 
analysis of grinding grades found that coffee obtained with 
samples ground at G6 (used without sieving operation) were 
richer in VOCs. On the other hand, sieved coffee composed 
by the finer powder (S2) was poorest in VOCs.

The decrease of volatile compounds during coffee grind-
ing was expected because as reported in other research the 
crushed of the inside structures of the beans could consent 
a higher release of the residual levels of volatile compounds 
[40].

Moreover, based on the previous studies, [18, 19] a great-
est impact concerning the chemical compounds concentra-
tion and VOCs is imputable to the roasting step, thus the dif-
ferences emerged could be due both to the different internal 
distribution of compounds and both the non-homogenous 
roasting grade between inside and outside part of the bean. 
The presence of these variables certainly has implications on 
the quality of the grinding, but currently is not clear which 
part of the coffee bean to associate a specific granulometry 
of the powder, precisely because grinding is a very hard 
process to control.

Correlations between parameters and samples

A PCA was applied to summarize differences related to the 
physical and chemical parameters of the different samples. 
The outcome is shown in Fig. 2, which summarises the 
contribution of VOCs, caffeine, CGAs and physicochemi-
cal properties to coffee sample characteristics, as a function 
of granulometry and the type of distribution (homogenous 
or bimodal). Our analysis confirmed that 79.05% of total 
variance in the original dataset was explained by the first 
(61.9%) and second (17.2%) principal components.

Figure 2 is a useful approximation of the relationships 
between variables. The angle between vectors approximates 
the correlation between variables. A small angle indicates 
variables that are positively correlated, an angle of 90° indi-
cates that they are not correlated, and an angle close to 180° 
indicates a negative correlation (see, for example, caffeine 
and CGA concentration, or CGA concentration and TDS).

Multivariate analyses identified different groups of sam-
ples. Beverages with the smallest bimodal particle size 
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distribution (G2) lie on the right-hand side of Fig. 2, while 
beverages with the smallest homogenous particle size (S2) 
lie on the left-hand side. This result confirmed the other 
findings of our study, namely that, while in general, the 
finest powder results in better solute extraction, the fine-
grained bimodal grind (G2) seems to be richer in bioactive 
compounds and have better physical properties than bever-
ages obtained with a homogenous fine-grained powder (S2), 
when both beverages are extracted in the same manner. Plots 
for the mixed coffee powder puck samples, (G2 + G6 + G11) 
lie close to those for G2. Samples located on the right-hand 
side of the plot are characterized by higher values of bio-
active compounds, TDS %, the sum of CGAs, extraction 
%, and conductivity. However, it should be noted that these 
samples also lie closer to G11 samples. We can, therefore, 
conclude that their performance lies somewhere between 
samples with a classical bimodal distribution, even though 
they themselves do not have this distribution. It could be said 
that they have a multimodal distribution, as a result of the 
three grinding grades.

While all of the sieved samples lie on the left-hand side 
of the PCA, S2 is somewhat different, and closely correlated 
to the pH measurement. All of these variables are explained 
by the first component of the PCA plot. The second com-
ponent is explained by the total VOC concentration, and 
here samples G6, G11, and S4 are characterized by higher 
values. Compared to G2, G6 and G11 had a higher contribu-
tion of S4 particles, and this could explain their similarity. 
Hence, the PCA analysis was of particular interest, since it 
allowed us to identify the variables that resulted in differ-
ences between the produced coffee.

Conclusions

This study confirmed that granulometry can influence the 
physicochemical properties of a coffee beverage. In fact, 
the results showed that bioactive and volatile compounds 
are released differently in the beverages depending on the 
specific particle size.

Our results indicate that a homogeneous grind (mono-
dimensional powder) results in a lack of bioactive com-
pounds, and low levels of other chemical properties that 
characterize the coffee beverage. In particular, the finest 
homogeneous grind (obtained by sieving), which could be 
expected to have maximum extraction capacity, proved to 
be the least powerful from an extractive point of view. On 
the other hand, more heterogeneous grinds, which included 
varying percentages of granulometries, were found to be 
richer in VOC and bioactive compounds.

The results have two important implications. The first 
concerns the superior extractive power of powder with a 
bimodal/plurimodal distribution and, therefore, a more het-
erogeneous particle size. The second concerns the key influ-
ence of the fine-grained fraction in the extraction process, 
which has a greater impact in conditions of granulometric 
variability than in the homogenous grind condition.

In conclusion, our study confirms that the grind plays a 
key role in producing well-extracted coffee and, therefore, in 
making the most of the qualitative potential inherent in the 
roasted bean. Furthermore, the correct choice of the degree 
of grinding can improve the management of the raw material 
and obtain a coffee that is richer in selected compounds, as 
a function of the desired beverage. Considering the results 

Fig. 2   Principal component 
analysis of coffee samples 
produced with different grind-
ing grades and particle size 
distribution
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obtained a good compromise to highlight the bioactive char-
acteristics and the aromatic aspects of the beverages, could 
be achieved using the powder distribution G2 + G6 + G11, 
which include more levels of grinding and, therefore, a 
greater particle size distribution.
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