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Abstract

NEDOMOVA, S.: Crushing of roasted Arabica coffee beans. Acta univ. agric. et silvic. Mendel. Brun., 2010,
LVIII, No. 4, pp. 177-182

Paper deals with experimental research on the crushing of coffee beans of different kinds under
quasi-static compression. The process of the crushing is described in details. It has been shown that
there is variability in the crushing strength values. A relation between crushing strength and the cof-
fee grain shape is also studied. Roasted Arabica coffee (Coffea arabica) beans were used for analyses.
Arabica coffees were produced in Colombia and Indonesia. Abbreviation in the square brackets in-
dicates the coffee type and it is used in the text hereinafter. All Arabica samples were submitted to
a light roast. The detail analysis of the experimental data shows that there is no significant relation
between parameters describing the fracture behaviour of the grains and grain geometry. These pa-
rameters are also independent on the grain weight. Compression of the coffee grains leads to their
crushing. The fracture force is different for the different kinds of the coffee. The same is fact valid also
for the strain at the fracture and for the energy absorbed during the grain crushing. The obtained re-
sults suggest that the fracture parameters obtained at the compression loading are dependent only on
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the coffee brand and on the roasting conditions.

coffee grain, grain shape, breaking force, fracture strain, absorbed energy

The knowledge of the strength and toughness
of the coffee beans is necessary in order to eva-
luate their brittleness. The reaching of a certain de-
gree of brittleness is very important for the grind-
ing to which coffee beans have to be subjected to
before brewing. The uniformity of the product
of the grinding process depends on various fac-
tors including the brittleness of the roasted cof-
fee bean and it affects the extraction of soluble so-
lids to obtain the coffee brew (Clo and Voilley, 1983;
Clarke and Macrae, 1985). Even though the changes
in the textural and mechanical characteristics to
which the coffee bean undergo during roasting play
a relevant role in the quality of the roasted beans,
these properties have been scarcely studied until
now. Considering the possible causes of the rele-
vant change of the texture during roasting, one ef-
fect could be attributed to the noticeable reduction
of density due to the volume increase and to the cor-
responding increase of porosity of the bean struc-
ture determined by the increase of the pressure of
the internal gases, products of the heat-induced re-

actions (mainly water vapour and carbon dioxide,
but also pyrolysis reaction products) (Massini et al.,
1990; Gutierrez et al., 1993). It is known, in fact, that
the overall mechanical properties of a food could
be related to the cell structure, which is typical for
various vegetables, and fruits or they may result
from the physical state, or porosity (Roos, 1995). On
the other hand, one of the main factors that may sig-
nificantly affect mechanical properties of foods dur-
ing processing and storage is the presence of plas-
ticizers, where water can be considered the most
important (Roos, 1995). Some authors discovered
the effect of moisture content and water activity on
selected mechanical properties, such as the hard-
ness, toughness and breaking force of cereals, intact
legumes and nuts (Tran et al., 1981; Saleh and Gal-
lant, 1985; Borges and Peleg, 1997).

In order to study the effects mentioned above
the process of the coffee grain crushing must be
studied. There is an only little works on this topic -
see eg. Pittia et al. (2001). The submitted paper is fo-
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cused on the detail description of the crushing be-
haviour of the coffee grains under compression.

MATERIALS AND METHODS

Coffee samples

Roasted Arabica coffee (Coffea arabica) beans were
used for analyses. Arabica coffees were produced in
Colombia [C1, C2, C3], and Indonesia [I1, 12]. Ab-
breviation in the square brackets indicates the coffee
type and itis used in the text hereinafter. All Arabica
samples were submitted to a light roast. The beans
were ordered from commercial distribution net-
work in the Czech Republic. All analyses were per-
formed for samples of 20 beans randomly selected
from each lot. Samples details are listed in Table I.

Quantitative measurement of the coffee bean
dimensions

Dimensions in the main axes (D1, D4, D7 -
see Fig. 1) were measured using a digital calliper
SOMET (Germany). With regard to measurement
accuracy and relevance, one decimal number was
considered. According to indication by other au-
thors (Ghosh and Gacanja, 1970) D1, D4, and D7 di-
mensions correspond to W (width), D (depth) and L
(length), respectively. Remaining dimensions (D2,
D3, D5, D6 - see Fig. 1) were determined from digital
images using Corel DRAW X3 (Corel Corporation,
USA). The knowledge of the grain size and namely
its shape may be very important. As it was shown e.g.
the shape of agricultural products can significantly

affects their mechanical properties (Nedomova et
al., 2009).

Mechanical Testing

A TIRA Universal Testing Machine, equipped
with a 200 N load cell was used. For the measure-
ments, 20 beans of each sample were taken at ran-
dom, and then positioned individually on its lon-
gest side and with the flat side up between two metal
parallel plates of the dynamometer. Compression
force was applied at a rate of 20 mm/min until fai-
lure occurred; working temperature was 25°C. Ow-
ing to the difficulty to calculate the true stress and
strain, the mechanical properties of the coffee beans
were characterized with the following empirical
measurements carried out in the force-displace-
ment curve (Borges and Peleg, 1997):

e Breaking force (N) corresponding to force at
the major failure event. It was considered as em-
pirical measure of the crushing strength;

e Strain at fracture (%) corresponding to the de-
formation at the first breaking point and used as
index of the deformability; it was expressed as
percentage to keep into account the actual dimen-
sions of the differently heat treated beans;

e Work (J) corresponding to the area under the force
- displacement curve until the first breaking event
occurred. This parameter has been used as em-
pirical index of toughness. This work represents
an absorbed energy during the grain crushing.
Twenty grains have been tested for every coffee

type.

Front view Top view
D4
D6 D5
D1
D3 D2
%:\/ 5

Joint

1: Hlustration of measuring sides for coffee beans
1: Selected physical characteristics of different coffee brands

Mean weight Mean width Mean depth Mean length
Coffee code Coffee brand () D1 (mm) D4 (mm) D7 (mm)

Coffee 1 Cl1 0.137 £0.022 7.98 £0.47 4.63 £0.24 10.79 £ 0.99
Coffee 2 C2 0.147 £0.023 8.43 £0.47 4.79+0.52 11.13+2.24
Coffee 3 C3 0.135+0.029 8.05+0.58 4.70+0.35 10.83 +1.30
Coffee 4 11 0.149 +£0.026 8.26 £ 0.62 4.64+0.28 11.47+0.84
Coffee 5 12 0.146 +0.025 8.34+0.57 4.79+0.37 11.90+1.10




Crushing of roasted Arabica coffee beans

179

RESULTS AND DISCUSSION

During the compression all grains have been
crushed. In the Fig. 2 an example of the fracture
surface of the grain fragment is shown. One can
see high porosity on the fracture surface. An exam-
ple of the experimental record of the force F vs. dis-
placement L is given in the Fig. 3. This record exhib-
its several peaks of the force. The peak corresponds
to the specimen fracture. The first peak is taken as
the breaking force of the coffee grain. The grains are
crushed into several fragments.

The origin of each fragment starts at the peak
of the force. In the given figure the dependence of
the work absorbed during grain compression is also
shown. The energy is computed as

E=[Fdl.

The obtained parameters exhibited a significant
scatter as illustrated in the Fig. 4.

2: Fracture surface of the grain No. 3
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Coffee 2 — GRAIN No. 14
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DISPLACEMENT (mm)

25

3: Experimental record Force - displacement and energy - displacement

Coffee 2

F'Maximum of the force (N)

20
GRAINNO.14

4: Histogram of the breaking force
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The average values of the parameters describing
the behaviour of the coffee grains are summarized
in the Table II. Results were analysed using analysis
of variance according to significant level (P < 0.01).

The detail analysis of the experimental data shows
that there is no significant relation between parame-
ters describing the fracture behaviour of the grains
and grain geometry. These parameters are also inde-
pendent on the grain weight.

1I: Statistical analysis of the obtained results

CONCLUSSIONS

Compression of the coffee grains leads to their
crushing. The fracture force is different for the dif-
ferent kinds of the coffee. The same is fact valid also
for the strain at the fracture and for the energy ab-
sorbed during the grain crushing.

The obtained results suggest that the fracture
parameters obtained at the compression load-
ing are dependent only on the coffee brand and on
the roasting conditions. The study of the second of
these effects will be subject of the next study.

Coffee code Coffee brand Break(ilr\lﬁ force St(l;/?)i n Abso(Il'\?/i:liI(Ialr)lergy
Coffee 1 Cl 51.63 +15.22 8.36 +0.62° 11.93 £3.98%
Coffee 2 C2 39.14 +12.00% 5.16 +1.15¢ 5.99 +2.95°
Coffee 3 G3 30.15 + 16.23% 7.30 +2.69% 4.63 +3.69"
Coffee 4 11 49.59 +16.28* 6.81+1.72b¢ 10.72 £ 5.60*
Coffee 5 12 36.70 +19.70« 6.91+1.75¢ 9.83 +3.22¢

»dDifferent letters in the same column indicate that the means are significantly different (P < 0.01)

SUMMARY

The deformation and fracture behaviour of the five types of the Arabica coffee grains have been stu-

died. The tested coffee beans have been loaded in compression using of TIRATEST. Cross — head ve-

locity was 20 mm/min. This velocity is generally accepted as static loading. From the given test the fol-
lowing quantities have been evaluated:

e Breaking force (N) corresponding to force at the major failure event. It was considered as empirical
measure of the crushing strength;

e Strain at fracture (%) corresponding to the deformation at the first breaking point and used as index
of the deformability; it was expressed as percentage to keep into account the actual dimensions of
the differently heat treated beans;

e Work (J) corresponding to the area under the force — displacement curve until the first breaking
event occurred. This parameter has been used as empirical index of toughness. This work repre-
sents an absorbed energy during the grain crushing.

The experimental data exhibit large scatter. For the evaluation of some bean property atleast 20 coffee

beans are needed. The obtained results suggest that there is significant dependence of the parameter

mentioned above on the type of the coffee beans. At the same time no dependence on the bean size,
weight and shape have been observed. Main source of the difference in the coffee beans properties is
thus probably given by the roasting conditions.

SOUHRN
Drceni zprazenych zrn kavy Arabica
Je sledovano drceni prazenych zrn kdvy Arabica z péti riiznych lokalit. Drcent probihalo pfi tlako-
vém zatézovani kdavovych zrn pomoci zkusebniho zafizeni TIRATEST pii rychlosti zatéZovani
20 mm/min. Zat&zovani p¥i této rychlosti je povazovano za statické. Ze ziskanych experimentalnich
zaznamu byly ziskdny ndsledujici tidaje:
e Sila, pfi které dochazi k drcent zrna. Tato sila je povazovana za miru odporu zrna proti drcent.
e Deformace pfi lomu, kterd je brdna pro posunuti odpovidajici vyse zmin&né sily. Deformace je
brana jako podil tohoto posunuti viiéi vy3ce zrna ve sméru zat€Zovani.
e Deformaéni prace, kterd je povazovana za miru houzevnatosti daného zrna.
Pro ziskédni uvedenych vlastnosti bylo vzdy zkoumano minimalng 20 zrn. Ze statistického vyhodno-
ceni vysledki vyplyva, Ze mezi kdvovymi zrny z jednotlivych lokalit existuji vice ¢i méné& vyznamné
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rozdily. Na druhé stran& pak nebyla zjisténa zavislost jednotlivych parametrti na hmotnosti, rozmé-

rech a zfejmé i na tvaru kdvového zrna.

kévové zrno, rozméry zrna, drceni, lomova sila, lomovéa deformace, absorbovand energie
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