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ABSTRACT: Specialty coffee is highly differentiated product because of its sensorial attributes: aroma, body and brand
reputation. In specialized markets, these products are highly valued, and sometimes up to six times their commercial value
is paid. Thus, it is essential to preserve their freshness. Sorption isotherms are necessary for determining and studying water
sorption changes in specialty coffee during storage. This study aimed to determine the adsorption isotherms of specialty ground
roasted-coffee at temperatures of 25 °C, 30 °C and 40 °C and water activities between 0.1 and 0.8 using the dynamic dewpoint
method (DDI). The experiment sorption data were modeled using 12 different equations with non-linear regression to represent
the dependence of the equilibrium moisture content with both water activity and temperature. In addition, the thermodynamic
properties were determined with the experiment adsorption data. The results showed that type III isotherms were obtained
according to the Brunauer classification, and the Weibull equation satisfactorily modeled the effect of the temperature on the
hygroscopic equilibrium in the specialty ground roasted-coffee. The results of thermodynamic analysis showed that the net
isosteric heat of adsorption and Gibbs free energy decreased as the equilibrium moisture content increased, indicating the
amount of energy released, a strong bond energy between water molecules in the product components and spontaneity in the
adsorption process. The entropy of the adsorption increased with the moisture content, leading to product stability conditions
during storage; it was possible to conclude that to guarantee the stability of high quality, ground, roasted coffee should store in
environments where the water activity does not exceed 0.5 at temperatures between 25 °C and 40 °C. The results were similar
to those reported for the roasted and ground coffee of others cultivars.

Index terms: Water activity, equilibrium moisture content, hygroscopicity.

MODELAGEM DE ISOTERMAS DE ADSORCAO DINAMICA E PROPRIEDADES
TERMODINAMICAS DE CAFE ESPECIAL TORRADO E MOIDO (Coffea arabica L.)

RESUMO: O café especial ¢ um produto altamente diferenciado por seus atributos sensoriais: aroma, corpo ¢ reputagio da
marca. Nos mercados especializados, estes produtos sdo altamente valorizados e as vezes podem ser pagados em até seis vezes
seu valor comercial. Deste modo, é essencial preservar seu frescor. As isotermas de sor¢do sdo necessarias para a determinagdo
¢ o estudo das mudangas da sor¢@o de agua no café especial durante o armazenamento. O objetivo deste trabalho foi determinar
as isotermas de adsor¢do de café especial torrado e moido para temperaturas de 25 °C, 30 °C e 40 °C e atividades de 4gua entre
0.1 e 0.8 usando o método dinamico de ponto de orvalho (DDI). Os dados de sor¢do experimentais foram modelados usando 12
equagdes diferentes através de regressdo nao linear, para representar a dependéncia do teor de dgua de equilibrio com a atividade
de agua e a temperatura. Adicionalmente, foram determinadas as propriedades termodinamicas a partir dos dados experimentais
de adsor¢ao. Os resultados mostraram que foram obtidas isotermas tipo 111, de acordo com a classificagao Brunauer e a equagdo
Weibull modelou satisfatoriamente o efeito da temperatura sobre o equilibrio higroscopico em café especial torrado e moido.
Os resultados da andlise termodindmica mostraram que o calor isostérico liquido de adsor¢do e a energia livre de Gibbs
diminuiram com o aumento do teor de agua de equilibrio, indicando a quantidade de energia liberada, uma forte energia de
ligagdo entre as moléculas de agua nos componentes do produto ¢ a espontancidade no processo de adsorg¢@o. A entropia de
adsor¢do aumentou com o teor de agua, levando a condigdes de estabilidade do produto durante o armazenamento; foi possivel
concluir que para garantir a estabilidade do café torrado e moido de alta qualidade deve-se armazenar em ambientes onde a
atividade de agua ndo exceda de 0.5 para temperaturas entre 25 °C ¢ 40 °C. Os resultados foram semelhantes aos relatados para
café torrado e moido de outras cultivares.

Termos para indexag¢ao: Atividade de agua, teor de agua de equilibrio, higroscopicidade.

1 INTRODUCTION

“Coffee is an ancient beverage that has
a relationship with the development of human
civilization” (TSAI et al., 2016), and is widely
consumed throughout the world because of its
unique sensory properties and physiological effects
(KREUML et al., 2013). It is considered one of

the most important products in the world because
of income from exportation and industrialization
(CORREA et al.,, 2010). The specialty coffee
is generally defined by an excellent and unique
flavor (PICCINO et al., 2014), it has become a
highly differentiated product, in terms of sensorial
attributes (aroma, body) and brand reputation as
Colombian coffee (OZDESTAN et al., 2013),
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this product is generally destined to specialized
markets where the prices reached can be up to six
times the value of a traditional coffee (TAPIERO
etal., 2017).

Coffee is a highly hygroscopic material and
can readily take up moisture when exposed to the
environment during storage (IACCHERI et al.,
2015); this condition may affect coffee freshness.
For preserving desirable sensory quality, it is
necessary to guarantee the storage conditions
(BOREM et al., 2013). For the proper handling
of ground roasted-coffee it is necessary to know,
among other properties, the water sorption
isotherms, which describe the relationship
between the equilibrium moisture content and
the water activity at constant temperature and
pressure (BASTIOGLU et al., 2017). There is
a large numbers of sorption equations for the
characterization of the water sorption behavior of
foods (MOUSA et al., 2012), such models can be
theoretical, empirical or semi-empirical equations.
Because of the complex nature of food matrices,
there is not a unique model to entirely describe
agri-food products (BON et al., 2012); therefore,
is necessary to validate the best model for both
the material and the environment conditions using
experiment data.

Traditionally, sorption isotherms in coffee
have been generated using the static method.
This method has disadvantages such as long
periods to reach product equilibrium, difficulty in
obtaining conclusive and precise measurements,
large samples and great effort on the part of
researchers to obtain weight measurements when
seeking balance (SCHMIDT & LEE, 2012).
These drawbacks have been overcome with the
development of the dynamic in the sorption of
water vapor, in particular the dynamic dewpoint
isotherm method (IACCHERI et al., 2015). This
method offers highly available experiment points,
broad working conditions and high precision, thus
eliminating the disturbances associated with the
manipulation of samples and the possible mass
transfer phenomenon with the environment where
the experiment is carried out (SCHMIDT & LEE,
2012). IACCHERI et al. (2015) have employed the
DDI method to obtain sorption isotherms of green
coffee and roasted coffee, however, they have not
included the temperature effect in the sorption
1sotherms, moreover, in the literature has not been
reported sorption isotherms specialty coftee.

Knowledge of the temperature -effect
on sorption isotherms is of great importance
since foods can be exposed to a wide range of
temperatures during storage and processing (EIM
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etal.,2011). By observing the effect of temperature
on sorption isotherms, it is possible to determine
the thermodynamic properties of agricultural
products and obtain helpful information with
respect to energy changes in the system (VILLA-
VELEZ et al, 2012); thus, thermodynamic
properties are a key resource that can reveal the
effect of water activity on storage (OLIVEIRA et
al., 2016).

The net isosteric heat of sorption represents
the total energy available to do work (MARTINEZ-
LAS HERAS et al., 2014) and provides important
information on the energy requirement for different
processes and the state of water molecules in food
(TADAPANENI et al., 2017). Gibbs free energy
represents the spontaneity of water gain and loss
processes between a product and the environment
(TEIXEIRA et al., 2018), and sorption entropy
(differential entropy) indicates the number of
available sorption sites at a specific energy level
and can be related to the attraction-repulsive
forces in a system (YOGENDRARAIJAH et al.,
2015); it also indicates the degree of order of the
water molecules in a product (PROKOPIUK et al.,
2010).

Because of the importance of understanding
the hygroscopicity of Colombian specialty
ground roasted-coffee from Huila region and its
dependence on water activity and temperature, the
objective of the present study was to determine
the adsorption isotherms of specialty ground
roasted-coffee at 25 °C, 30 °C and 40 °C, and
water activities between 0.1 and 0.8 using the
dynamic dew point method, to evaluate the ability
of different models in describing the adsorption
isotherms and to determine the net isosteric heat
of adsorption, Gibbs free energy and adsorption
entropy with the purpose of defining the best
storage conditions for this product.

2 MATERIALS AND METHODS
2.1 Coffee samples

Nine specialty coffee samples of variety
Colombia, Castillo and Caturra (Coffee arabical..),
from different farmers of Huilaregion of Colombia,
that were processed by the wet method, underwent
sensory analysis with the Specialty Coffee
Association of America (SCAA) methodology
(SCAA, 2015) in the South Colombian Coffee
Research Center (CESURCAFE) by four expert
panelists (DI DONFRANCESCO et al., 2014),
cup scores were between 84 to 86.5 the samples
were considered as high-quality specialty coffee.
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The coffee beans were roasted at 180 + 2
°C during 8 + 2 min, in a laboratory with a TC-
150R (Quantik, Colombia), at medium roast
(21.0 < L* <24.2) (WEI & TANOKURA, 2015).
After roasting, the coffee samples were ground
separately to medium size particle (particles
retained in a #20 standard sieve; hole diameter
of 0.85 mm), using a Bunn G3HD milling device
(Bunn Coffee Mill, Springfield, I1. USA).

2.2. Experiment determination of the
adsorption isotherms

For the development of the dynamic
dewpoint method (DDI), 2 to 3 g of specialty
ground roasted-coffee were placed inside a vapor
sorption analyzer (VSA Aqualab Decagon Device,
Inc. Pullman, WA, USA). The a range for the
measurements was defined between 0.1 and 0.8
at temperatures of 25 °C, 30 °C and 40 °C, and
the a interval was 0.01 for the adsorption with an
air flow rate of 100 ml-min~!. The initial moisture
content of the samples was made with a moisture
tester (Kett PM—450, Science of Sensing, Japan).
All tests were performed in triplicate for each
temperature.

2.3 Modeling the adsorption isotherms

The adsorption isotherms of the ground,
roasted specialty coffee was represented
mathematically using the twelve models shown
in Table 1, where X is the equilibrium moisture
content (%, dry basis), a, is the water activity, 4, B
and C are the GAB model parameters (CORREA
etal., 2010), T is the absolute temperature (K) and
b, is the empirical model parameters.

2.3.1 Parameter estimation and statistical
analysis

The non-linear regression analysis Matlab®
R2016b (The MathWorks Inc., Natick, MA, USA)
to identify the model parameters and calculate
the 95% confidence intervals of the parameters.
The adjusted determination coefficient (R’, dj) and
the root mean square error (RMSE) were used as
goodness-of-fit statistics. High values of R?, ;209
and low values of RMSE (lower than 10 % d.b.) are
considered to be a reasonable fit (BASTIOGLU et
al., 2017).
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2.4 Thermodynamic properties

The thermodynamic properties were
calculated from the experiment data of moisture
adsorption isotherms. The net isosteric heat of
adsorption can be computed using the Clausius—
Clapeyron equation (Eq. 13), from the slope of the
plot of In(a ) versus 1/T (DOMIAN et al., 2018;
TADAPANENI et al., 2017). The net isosteric heat
of sorption (g,,) can be calculated by integrating
Eq. 13 between two temperatures (Eq. 14). In the
literature also has been reported the Riedel equation
(Eqg. 15) to describe the influence of temperature
on water activity. Thus, another expression to
estimate net isosteric heat of sorption may be
considered (Eq. 16) by combining Eqs. (14) and
(15) (GARCIA-PEREZ et al., 2008).

d(Ina,,) (13)
Qsn = — 1
2(7) %
_o| T | aw, (14)
15)
Gwa) _ _ 11
In <an> = A, exp( BrXe)(Tl Tz)
(16)

qsn = Crexp(_BrXe)

Where R is the universal gas constant
for water vapor (8.314x107 kJ-mol™'-K™), 4,
B_are constants of the Riedel equation and C,
being 4 -R. Gibbs free energy (AG) was defined
according to Eq. (17); where the changes of free
energy were positive for desorption and negative
for the adsorption (BAPTESTINI et al., 2017).
The entropy of adsorption (AS) was calculated
with Eq. (18).

AG = +RT In (a,,) (a7

qsn — AG
T

AS = (18)
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TABLE 1 - Mathematical models used to represent the ground roasted-coffee isotherms*

Alodd el Mathematical expression
Modified X = AB(C T, )
GAB(Eq. 1) ™ [1 = Bla, )][1 - Bla, ) + B(C/THa, )]

Referemce

{CORREA etal., 2010)

O (Eaq. 2)

d, 3
X,.:Jr,l{] —u ]

(MARTINEZ-L.AS HERAS & al,,

2014

Hilsey (Eq. 3)

exp by — by ) e
x, = 2R =t

(OLIVEIRA & al., 2016)

Smith {Eq. 4} X, =by + by lnl —a,)

Clung-Plost (Eq. 5) X, = by % bxIn{=Ina,,)

(SHIGEHISA ef al. 2015)

[MOLUISA ef &, 2012)

Carie (Eq. &) X, = explly + o)

{(CABALLERO-CERON et al, 3017)

[glesias and Chirife (Eq. T)

[Fl
.’('_:.'J,+J|;{ = ]

{KHAWAS & CHANDRA, 2006)

1-a./
1
White and Evmg (Eq. &) Xe= 777 (SHITTU & al. 20015)
='|I_|J ) .I_I_-\.|:|"_||
Peleg (Eq. %) X, = bya, ™ 4 hya, b (BOWNER. & KENNEY. 2013)
X, = by + byx + Bax* + by
DLP (Eq. 10} {SHITTU et al. 2013)
= In{—Ina,]
' ' by ,
hl.lhnll.q 11) X, |[ t b,] (DOMIAN e al., 2018)
Iner,, B
Weibull (Eq. 12) X, = by + exprzii-oad™ (URIBE etal, 2001)

*In all cases, a linear dependence of temperature on the bi parameter was considered (b,T + b;,)

3 RESULTS AND DISCUSSION

Table 2 shows the ten mathematical
models with the best fit results and others models,
considering the effect of temperature on the
isotherms of adsorption.

The Weibull model may be the best
equation to represent all of the DDI experiment
data because it reached the highest R* , (0.975)
and the lowest RMSE (0.389 % d.b.) Values In
addition, the confidence intervals showed that
all parameters of the model were statistically
significant at a confidence level of 95%, indicating
a good fit for practical purposes (BAPTESTINI et
al., 2017). The others nine mathematical models
(GAB, Halsey, Iglesias and Chirife, White and
Eiring, Peleg, DLP, Kuhn, Oswin, and Caurie)
resulted in values of the R* ;; coefficient below
0.975 and of the RMSE higher than 0.389 % d.b.,
with respect to those obtained by the Weibull model
however, the models showed a well goodness of

fit and parameters statistically significant (95%),
these models have been used in others food product
and they have obtained an excellent goodness of fit:
YOGENDRARAJAH et al. (2015) in adsorption
isotherms of whole black peppercorns (Peleg,
Oswin, and DLP), OLIVEIRA et al. (2016) in
roasted coffee.

The Smith and Chung-Pfost models did not
showed a good fit better than other models due
to the lower R* < 0.9 and the highest RMSE
values Table 2, and should not be considered for
representing the adsorption process of specialty
ground roasted-coffee.

Our results were different from those
mentioned above, because the number of
experiment data with DDI method, with often
> 75 (SCHMIDT & LEE, 2012). Thus, the
Weibull model represented better the hygroscopic
behavior with great ability for describing the
adsorption process and it was the best option for
the prediction of the equilibrium moisture content
of specialty ground roasted-coffee under the
studied conditions.

Coffee Science, Lavras, v. 14, n. 1, p. 93 - 103 jan./mar. 2019



TABLE 2 - Estimated model parameters and statistical results.
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RMSE
Models Parameters Confidence Intervals 95% Rza i
! (% d.b.)
Modified C=1050K"! [905.9, 1194]
GAB B=1.00 [Fixed at bound] 0.916 0.724
A=2.213 % db. [2.163, 2.263]
Halsey b,=0.939 [0.922, 0.955]
b,=8.980x107 K™ [8.945x1073,9.014x1073] 0.956 0.521
b,=3.336x107 K™ [3.323x1073, 3.348x1073]
Iglesias and Chirife b,,=—0.086 [-0.098, —0.074]
b,=3.620x10* K™ [3.239x107%, 4.014x107] 0.958 0.509
b,=2.936x107° K [2.739%x107%, 3.133x107]
White and Eiring b, =—480.8 [-546.0, —415.6]
b,=1.320K"! [1.108, 1.532]
2 s
b, ,=405.6 [356.2, 455] 0.969 0.437
b,=-1.097 K™ [-1.259, —0.937]
Peleg b,=0.279 [0.209, 0.348]
b,=9.475x107° K™ [8.587x107%, 1.036x107]
b,=5.701 [5.401, 6.002] 0.970 0.427
b,,=—0.953 [-1.144,-0.763]
b,=4.118x107 K™! [3.467x1073,4.77x1073]
DLP b,=-0.011 K™ [-0.013,-0.010]
b, =-0.145 [-0.167,-0.122]
b,=5.247x10* K™ [4.506x107%, 5.987x107] 0.966 0.46
b, =-0.013 [-0.014, -0.012]
b,=7.414x107° K [7.235%107%, 7.593x107]
Kunh b, =0.053 [0.043,0.063]
1.1
b,=-2.523x10* K" [-2.856x107%, —2.191x107] 0.953 0.54
Weibull b, =3.354 [2.699, 4.008]
b,=—8.843x107° K™ [-10.980%1073, —=6.706x1073]
b, =-42.90 [—49.66, —36.15]
b,=0.118 K™ [0.096, 0.140] 0.975 0.389
b, ,=0.115 [0.075, 0.155]
b, =—-3.308x10* K" [4.629x1074, —1.987x107]
Oswin b,=0.823 [0.804, 0.841]
b, ,=-0.077 [-0.094, —0.06] 0.934 0.641
b, =3.645x10* K™ [3.078x107%,4.213x107]
Smith b, =0.1346 [0.095, 0.173]
b,=—6.274x10* K" [-7.552x107%, —4.996x1074] 0.878 0.873
b, =—-4.944x10° K" [-9.188%x107°, —6.997x107°]
b, =0.161 [0.103, 0.22]
Chung-Pfost b,=-6.499x10* K™ [8.427x107%, —4.572x107%] 0.804 1.11
b,=8.914x107° K™ [8.61x107,9.219x1075]
b, =3.664 [3.573, 3.755]
Caurie b, =-8.632 [-9.172, —8.093] 0.926 0.68
b,=0.011 K" [9.361x1073, 0.013]
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The figure 1 shows the experiment values and
the estimations obtained with the Weibull model at
25°C, 30 °C and 40 °C.

The resulting DDI isotherms were type
I according to the Brunauer classification
(BRUNAUER et al., 1940). Similar isotherm forms
were reported in roasted coffee by BAPTESTINI
et al. (2017); OLIVEIRA et al. (2016) and
IACCHERI et al. (2015). According to LABUZA
& ALTUNAKAR (2007), type III isotherms
represent food systems composed mainly of
crystalline components, such as sugars and salt.
Thus, the type 11 isotherms obtained may have been
due to reactions in the coffee roasting process, where
the water-soluble polysaccharides were formed after
roasting (WEI & TANOKURA, 2015). The values
of equilibrium moisture content as function of water
activity at 25 °C were similar to those reported
by IACCHERI et al. (2015) in DDI isotherms of
roasted coffee beans and HERMAN et al. (2018)
in fermented cocoa beans. As can seen in figure 1,
there were not statistically significant differences
(95%) from adsorption isotherms at 25, 30 and 40
°C in the range of water activity between 0.1-0.6 as
confirmed by analysis of variance, however, in a >
0.6 the effect of the temperature on the adsorption
isotherm at 40 °C presented statistically significant
differences in respect to 25 and 30 °C and did not
differ in the last water activity value (0.8). As can be
observed, at the constant temperature, the equilibrium
moisture content of the specialty, ground roasted-
coffee increased with @ ; however, at a constant

98

a , the equilibrium moisture content increased with
temperature, indicating that the specialty, ground
roasted-coffee is more hygroscopic. This trend was
reported by EIM et al. (2011) in carrots; the authors
explained that this behavior was due to the dissolution
of sugar, which results in complete leaching of sugar
in solution, a change of the crystalline structure
of sugar to the amorphous state and an increase
in the number of sorption sites upon swelling of
biopolymers. The similar effect has been reported by
CERVENKA et al. (2015) in roasted yerba mate.

For thermodynamic properties, VILLA-
VELEZ et al. (2012) stated that, during adsorption,
AS will be negative because the adsorbate-sorbate
system becomes ordered upon adsorption and
loses degrees of freedom. If AG is less than zero,
g, will have to be negative and, thus, adsorption
will be exothermic. Otherwise, desorptlon will be
endothermic.

Figure 2 shows the variation of the net
isosteric heat of adsorption with the equilibrium
moisture content.

The net isosteric heat of adsorption (Figure
2) decreased as the water content increased. This
could be related to the amount of energy released
(—q,,) by the adsorption of water in the product.
The negative values of differential enthalpy of
adsorption have been reported by OLIVEIRA et
al. (2016) in roasted coffee and PROKOPIUK et
al. (2010) in algarroba pods. The results of the net
isosteric heat of adsorption calculated using the
Riedel equation are shown in Table 3.

14 T T T T T T T T
¥  Experimental (25 °C)
12+ Estimated (25 °C) .
® Experimental (30 °C) .
1wl ==z Estimated (30 °C) | _
_ @i Experimental (40 °C)
S g | —— Estimated (40 °C) |
<
S
< [ '
4 - .
2 i
0 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
aW

FIGURE 1 - Experiment adsorption isotherms and estimations using the Weibull model for the specialty, ground

roasted-coffee at 25 °C, 30 °C and 40 °C.
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FIGURE 2 - Net isosteric heat of adsorption of the ground, roasted-coffee at 25 °C, 30 °C and 40°C as a function

of the equilibrium moisture content

TABLE 3 - Estimation of the net isosteric heat of adsorption with the Riedel equation.

Parameters 95% Confidence Intervals R, i RMSE
(% d.b.)
A =-2376 [—2484, —2268] 0.994 0.4
B=27.13 [26.05, 28.21]
The Riedel equation satisfactorily —behavior of an exergonic reaction, which does not

represented the net isosteric heat of adsorption
because it reached a high value for the R*
coefficient, 0.994, and RMSE was the same at 0.4
% d.b. In addition, the confidence intervals showed
that the parameters of the model were statistically
significant at a confidence level of 95%. This
equation can be used to predict the net isosteric
heat of adsorption as a function of the equilibrium
moisture content.

The Gibbs free energy of the ground
roasted-coffee is presented in Figure 3.

Gibbs free energy is known as an indicator
of the affinity between the food sorbent and water
(BASTIOGLU et al., 2017). Changes in Gibbs
free energy during water sorption between the
product and the environment can be defined as
the energy required to transfer water molecules
from the vapor state to a solid surface, or vice
versa (TEIXEIRA et al., 2018). This is the amount
of work generated by the system during the
adsorption process (BAPTESTINI et al., 2017).

Figure 3 presents the negative change in the
AG with the water content, indicating the typical

require the addition of energy from the environment
surrounding the product for the reaction to occur,
that is, the reaction is spontaneous (OLIVEIRA et
al., 2016). Similar results have been reported by
OLIVEIRA et al. (2016) for roasted coffee grain
and other agricultural products, such as algarroba
pods (PROKOPIUK et al. 2010), whole black
peppercorns (YOGENDRARAJAH et al. 2015),
passion fruit seeds (FERREIRA DE SOUZA et al.
2014), and pineapple pulp powder (VIGANO et
al. 2012). Since AG was close to 0 as the moisture
content increased, it is possible to conclude that
there will be fewer sites available for sorption at
higher water content levels (CANO-HIGUITA et
al., 2015).

The figure 4 shows the variation of the
entropy of adsorption, which represents the change
in the order or disorder after water molecules are
adsorbed by the system at the same hydration
level (FERREIRA DE SOUZA et al., 2014;
BASTIOGLU et al., 2017). It can be observed
that the entropy of adsorption increased with the
increase in the equilibrium moisture content.
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FIGURE 3 - Gibbs free energy of the ground roasted-coffee at temperatures of 25 °C, 30 °C and 40 °C as a

function of the equilibrium moisture content.
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FIGURE 4 - Entropy of adsorption of ground roasted-coffee at temperatures of 25 °C, 30 °C and 40 °C as a

function of the equilibrium moisture content.

The increase of the adsorption entropy
indicates the increase in the degrees of freedom
of the water in the product, which increased with
the equilibrium moisture content; therefore, a less
structured system is described. Similar negative
values of entropy of adsorption have been reported
by OLIVEIRA et al. (2016) in roasted coffee and
PROKOPIUK et al. (2010) in algarroba pods.

According to MOREIRA et al. (2016), the
minimum values of entropy can be interpreted
as the condition at which a product has the best
stability. Thus, with the results seen in Figure
4, it is possible to conclude that the equilibrium
moisture content corresponded to a higher order
degree of the water molecules in the specialty,
ground roasted-coffee (A,< 0) was X = 2.6 % d.b.
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The Weibull model offers a tool for the prediction
of water activity intervals that correspond to the
equilibrium moisture content, which evidenced
the lowest entropy of adsorption of the system;
therefore, it is possible to guarantee the stability
of high quality, ground, roasted coffee if stored in
environments where the water activity does not
exceed 0.5 at temperatures between 25 °C and 40 °C.

4 CONCLUSIONS

The moisture adsorption behavior of the
specialty, ground roasted-coffee exhibited the
Type Il common sigmoid pattern. The adsorption
1sotherms were modeled with the Weibull model,
which proved to be satisfactory for the prediction
of the experiment data and can be used to describe
the behavior of specialty, ground roasted-coffee
(medium roast and medium particle size) during
storage conditions with a water activity interval
between 0.1 and 0.8 and temperatures between 25
°C and 40 °C. The adsorption isotherms obtained
with the dynamic dewpoint isotherms method
(DDI) offered high availability for the experiment
points, a broad range of work and great precision,
thus eliminating the disturbances associated with
the handling and manipulation of samples and the
possible phenomenon of mass transfer.

Likewise, the amount of energy released
by the water adsorption in the coffee increased as
the water content decreased, which was expressed
by the net isosteric heat of adsorption, and the
Gibbs free energy values showed that the water
adsorption was a spontaneous process. The
entropy of adsorption increased with the moisture
content and put in showed at to guarantee the
stability of high-quality ground roasted coffee,
the storage should be in environments where the
water activity does not exceed 0.5 at temperatures
between 25 °C and 40 °C.
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