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HIGHLIGHTS:
It was verified that the combination of foaming/stabilizing agents influenced the drying process.
Foam mat drying produced mixed pulp powders with low water content, important for their shelf life.
Effective diffusivity increases as a function of drying temperature elevation for jambolan and acerola mixed pulp.

ABSTRACT: Acerola and jambolan are fruits with several bioactive compounds of phenolic origin and a product
made with these two raw materials appears to be a food with high antioxidant and nutraceutical potential. Therefore,
this study aimed to evaluate the foam mat drying of the mixed pulp of jambolan and acerola. Mixed pulp formulations,
containing 1.0% albumin with 0.5% xanthan gum (F1), 0.5% carboxymethylcellulose (F2) and 0.5% guar gum (F3),
were dehydrated at 50, 60, 70 and 80 °C, with foam mat thickness of 0.5 cm. The elevation of the drying temperature
decreased the water content and dehydration time of the samples. Formulation F3 obtained the shortest drying
times; all drying models resulted in good adjustments, especially Midilli. Formulation F3 obtained greater effective
diffusivity; the activation energy was higher in the F1 combination. The samples with albumin-guar (F3) showed
greater enthalpy and entropy and samples with albumin-xanthan gum (F1) showed the highest Gibbs free energy.
Foam mat drying is an efficient way of preserving the jambolan and acerola mixed pulp.
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RESUMO: A acerola e o jambolao sio frutos com diversos compostos bioativos de origem fendlica e a composigdo
de um produto elaborado com essas duas matérias-primas se afigura como um alimento com elevado potencial
antioxidante e nutracéutico. Diante disso, este estudo foi realizado com o objetivo de avaliar a secagem em camada
de espuma da polpa mista de jamboléo e acerola. Foram elaboradas formula¢des com a polpa mista, contendo 1,0%
de albumina com 0,5% de goma xantana (F1), 0,5% de carboximetilcelulose - CMC (F2) e 0,5% de goma guar (F3),
desidratadas a 50, 60, 70 e 80 °C, com espessura da camada de espuma de 0,5 cm. A elevacio da temperatura de
secagem diminuiju o teor de agua e tempo de desidratagdo das amostras. Os menores tempos de secagem foram
obtidos na formulagdo F3; todos os modelos de secagem resultaram em bons ajustes, com destaque para Midilli.
A maior difusividade efetiva foi obtida na formulagio F3; a energia de ativagdo foi maior na combinagdo da F1. As
amostras com albumina-guar (F3) apresentaram maiores entalpia e entropia e as com albumina-xantana (F1) as
maiores energias livres de Gibbs. A secagem em camada de espuma é uma forma eficiente de conservacao da polpa
mista de jamboléo e acerola.

Palavras-chave: Malpighia emarginata, Syzygium cumini, desidratacdo, difusividade efetiva, energia de ativagdo
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Foam mat drying kinetics of jambolan and acerola mixed pulp

INTRODUCTION

Acerola (Malpighia emarginata D.C.) is a tropical fruit rich
in vitamin C and phenolic compounds. Because of favorable
soil and climate conditions, Brazil is a major producer of
acerola in South America (Nogueira et al., 2019).

Syzygium cumini (L.) Skeels is a tree species with origins
in tropical Asia (Seraglio et al., 2018). It produces jambolan or
Java plum, with a predominance of sweet and astringent flavor,
whose intensity is reduced with the advance of maturation. It
contains several bioactive compounds, which are nutritionally
important (Panghal et al., 2019).

Healthy eating has become an important consumer demand.
In this scenario, fruits stand out for their high concentrations
of vitamins, minerals and bioactive compounds. Fruits are
susceptible to rapid post-harvest physiological deterioration.
It is essential to subject them to processes that prolong their
useful life, and one of the most promising alternatives available
is drying (Chhikara et al., 2018; Moreira et al., 2018).

Foam mat drying is a process that involves the conversion
of aliquid or semi-liquid material into stable foam through the
addition of foaming agent and drying within the temperature
range that varies from 50 to 80 °C. It has the advantage of
shorter drying time and greater savings compared to other
techniques (Tan & Sulaiman, 2019).

Mixed pulp of jambolan and acerola forms a combination
with high nutritional potential, particularly because of bioactive
compounds such as ascorbic acid and phenolic compounds and
attractive flavor and color. Drying this mixed pulp results in
a potentially interesting product for the agribusiness and the
consumer. In this context, the objective of this study was to
evaluate the effect of drying temperatures on the foam mat
drying kinetics of the mixed pulp of jambolan and acerola and
the hygroscopic behavior of the products obtained.

MATERIAL AND METHODS

The study was conducted at the Agricultural Products
Storage and Processing Laboratory, belonging to the
Agricultural Engineering Academic Unit, Federal University
of Campina Grande (UFCG), Campina Grande campus, PB,
Brazil.

The raw materials used in this process were the mature
specimens of jambolan (Syzygium cumini (L.) Skeels) and
acerola (Malpighia emarginata D.C.), from the municipality
of Macaiba, State of Rio Grande do Norte, Brazil (latitude 5°
51’ 36” S, longitude 35° 20’ 59” W, and altitude of 15 m), and
the additives albumin (Infinity Pharma®, Campinas, SP, Brazil);
Sodium Carboxymethyl Cellulose (CMC - Neon®, Suzano, SP,
Brazil); guar gum (GastronomyLab®, Brasilia, DF, Brazil) and
xanthan gum (GastronomyLab®, Brasilia, DF, Brazil).

Ripe fruits were selected based on skin color, when they
showed red skin color in the acerola and dark purple skin
color in the jambolan. The fruits were washed in running water
and sanitized by immersion in 50 mg L sodium hypochlorite
solution for 15 min. Subsequently, they were rinsed and
passed through a horizontal pulper (Itametal®, compact model,
Itabuna, BA, Brazil), with a 4 mm mesh, followed by refinement
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in a sieve with a 2 mm mesh. The pulps were placed in low-
density polyethylene packaging and stored in a freezer with a
controlled temperature of -18 + 2 °C.

The mixed pulp was prepared by mixing equal parts of
the whole jambolan and acerola pulps (1:1 ratio g g*) and
homogenizing them in a domestic blender for 1 min. The foam
mat drying process was performed after the preparation of
three formulations: F1 (pulp + 1.0% albumin + 0.5% xanthan
gum); F2 (pulp + 1.0% albumin + 0.5% CMC); F3 (pulp +
1.0% albumin + 0.5% guar gum). The foams were prepared
by mixing the mixed pulp and additives in a mixer (Arno®,
Deluxe, Itatiaia, RJ, Brazil) at maximum speed for different
times determined in preliminary tests, F1 for 30 min; F2 for
20 min and F3 for 5 min.

Each foam produced from the formulations was spread, in
triplicate, on stainless steel trays, making up a 0.5-cm-thick
foam mat, measured with a digital caliper (Onebycitess). The
samples in the trays were taken to dry in an oven with forced air
circulation (FANEM, model 320E, Sdo Paulo, SP, Brazil) with
air speed of 1.0 m s}, at temperatures of 50, 60, 70 and 80 °C.
During drying the trays were weighed at regular intervals until
obtaining a constant mass. Three consecutive measurements
were adopted as a criterion for determining the constant
mass at regular 60 min intervals, with no change in the mass
of the samples. The dry material was removed with a plastic
spatula, and then crushed in a mini processor (Mallory, Oggi*,
Maranguape, CE, Brazil). After that, it was stored in flexible
laminated packaging (composed of a transparent PET layer,
metallization and low-density polyethylene film - LDPE, with
nominal total weight of 120 g m™, water vapor transmission rate
of 5.38 g m™ per day and oxygen permeability rate of 60 cm?
m per day) with dimensions of 10 x 17.5 cm. At the end of the
drying, the dry masses were determined and the water content
was calculated. With the obtaining of the experimental data,
the values of the water content ratio were calculated (Eq. 1).

(X B Xe )
RX=——°~ (1)
(XO - Xc )
where:
RX - water content ratio of the product, dimensionless;
X -water content of the product at a given time, dry basis;
X, - initial water content of the product, dry basis; and,

X, - equilibrium water content of the product, dry basis.

With the calculation of the water content ratio, curves of
drying kinetics were plotted, represented by the water content
ratio (dimensionless) as a function of drying time (min). For
the selection of the most suitable models for the description
of the foam mat drying process, 10 equations were fitted to
the drying data (Table 1) frequently used to represent the
drying kinetics (Moura et al., 2021; Omolola et al., 2019).
The non-linear regression models using the Quasi-Newton
estimation method were fitted using the computer software
Statistics version 7.0.

The models were selected considering the magnitude of the
coefficient of determination (R?), the mean square deviation
(MSD), Eq. 12, and the chi-square test (x?), Eq. 13.
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Table 1. Non-linear regression models fitted to drying kinetics
data

RX - water content ratio of the product, dimensionless; k, ko, kl - Drying constants,
1/min; a, a,, b, ¢, n - Model constants (dimensionless); t - Drying time, in min

V2 (RX ~RX,, )
MSD = (12)
n
where:
MSD - mean square deviation;
RX ., - Water content ratio predicted by the model;
RX_, - experimental water content ratio; and,
n - number of observations.
o 2
e
X = (13)

DFR

where:

RXexp - experimental water content ratio;

RX .- water content ratio predicted by the model;

n - number of experimental observations; and,

DFR - degrees of freedom of the residual (number of
experimental observations minus number of model coefficients).

The mathematical model of liquid diffusion (Eq. 14) fitted
to the drying kinetics data for the mixed pulp formulations,
which is the analytical solution for FicK’s second law, and the
effective diffusivity coefficients (m? s) for each temperature
were obtained as follows.

8 & 1 . 2, t
RX = Z;, E: exp[ (2i+1) ©°D,; Lz} (14)
where:

RX - water content ratio of the product, dimensionless;
D, - effective diffusivity, m* s;
L - thickness of the drying layer, m;
i - number of terms; and,
t - drying time, s.

The flat plate geometry was used for the mixed pulp
formulations, considering unidirectional movement of the water
content, uniform distribution of the initial water content, whose
water migrates only by diffusion, and that the external resistance
and shrinkage are negligible, and the mathematical solution is
represented by Eq. 14. To solve Eq. 14, the computer program
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Statistic version 7.0 was used through non-linear regression with
the Quasi-Newton estimation method, with an approximation
of four terms. The dependence of effective diffusivity (D ;) with
temperature was evaluated using an Arrhenius-type equation
(Eq. 15), determining the activation energy (E ).

Eél
D, =D, exp[RTj
where:

D, - effective diffusivity, m? s;
D, - pre-exponential factor, m*s™;

E, - activation energy, ] mol;

R - universal gas constant, 8.314 ] mol* K'}; and,
T

- absolute temperature, K.

(15)

The thermodynamic properties of enthalpy, entropy and
Gibbs free energy of the drying process were calculated using
Egs. 16, 17 and 18, respectively.

AH=E_—RT (16)
I<B
AS=R|In(D,)-1In . ~In(T) (17)
P
AG =AH—(T)AS (18)
where:
AG - Gibbs free energy, ] mol™;

AH - specific enthalpy, ] mol;
AS - specific entropy, ] mol™* K;

k, - Boltzmann constant, 1.38 x 10> J K}
h, - Planck constant, 6.626 x 107** ] s'; and,
T - absolute temperature, K.

RESULTS AND DISCUSSION

Table 2 presents the drying time, powder yield and water
content of samples F1, F2 and F3 subjected to foam mat drying
at temperatures of 50, 60, 70 and 80 °C.

Table 2. Drying time, powder yield and water content of mixed
pulp formulations in foam mat drying in the temperature range
from 50 to 80 °C

db - Dry basis. Formulations: F1 - Albumin (1.0%) + Xanthan gum (0.5%); F2 - Albumin
(1.0%) + Sodium carboxymethyl cellulose (0.5%); F3 - Albumin (1.0%) + Guar gum (0.5%)
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The progressive reductions observed showed, over the
drying time, temperature increases in the three formulations,
with similar times between formulations F1 and F2 and a more
marked reduction in the times of the formulation containing
guar gum, F3, at all drying temperatures. The increase of 30
°C reduced the total drying time by 47% in formulations F1
and F2, and by 54% in formulation F3.

The drying performance showed little variation between
formulations and applied temperatures, while the water
content decreased between temperatures, but in different
percentages between subsequent temperatures according to
each formulation, with the lowest value in formulation F3.
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Cuevas et al. (2019) also reported final water content of
10%, drying olive biomasses at six different temperatures,
between 70 and 120 °C. Tan & Sulaiman (2019) studied the
foam mat drying kinetics of Hibiscus sabdariffa L. at 50 °C,
reporting a time of 360 min to reach a final water content of
5 to 7%. Tavares et al. (2019), studying the foam mat drying
of BRS Violet grape at different temperatures, observed 52%
reduction of drying time with the increase from 60 to 80 °C,
with these powder products obtained after 375 and 160 min,
respectively.

Table 3 presents the parameters of the models fitted to the
drying kinetics data of formulation F1, with the respective

Table 3. Parameters, coefficients of determination (R?), chi-squares (x*) and mean square deviations (MSD) of the models fitted
to the drying data of formulation F1 (1.0% albumin + 0.5% xanthan gum) with 0.5-cm-thick foam mat
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coefficients of determination (R?), chi-squares (x?) and mean
square deviations (MSD).

It was verified that the increase in temperature increases
the k parameter values. The drying constant k can be used
as an approximation to characterize the temperature effect,
tending to increase with it, since high temperatures lead to
higher drying rates, reaching the equilibrium water content
faster. An increase in the drying constant (k) was also observed
with increases in drying temperature (50-80 °C) for the Midilli,
Diffusion Approximation, Henderson & Pabis, and Newton
models for the trapia peel residues (Moura et al., 2021).
Parameter n has a moderating effect on time and corrects the
likely errors resulting from the neglect of internal resistance
to water transfer (Mendonga et al., 2019).

The fitted models showed high values of coefficients of
determination (R? > 0.97), low values of chi-square (x* < 0.004)
and mean square deviations (MSD < 0.06) at the evaluated
temperatures, indicating high proximity between the values
estimated by the models and the experimental data. In many
studies with drying of fruit pulps, similar values of R* between
different models make MSD the criterion of choice for the
selection of the best fits (Feitosa et al., 2017; Santos et al.,
2019b).

The selection and recommendation of the best model are
based on the values of R? x*and MSD. With good fits by the
Page, Diffusion approximation and Logarithmic models, the
Midilli model showed the set of higher R? values and lower
x* and MSD, which are the best performance criteria for the
representation of the drying kinetics of the F1 formulation.

Studying the drying of trapia (Crataeva tapia L.) peel
residues, Moura et al. (2021) fitted 10 models to the drying data,
obtaining better results with the Midilli model. Vimercati et al.
(2019) found the highest R* value and the lowest standard error
with the Page model for the foam mat drying of strawberry
(Fragaria sp.) pulp. Likewise, Mphahlele et al. (2019) found
that the Midilli model more accurately represented the drying
characteristics of foam mat (0.5 cm) of pomegranate peel in
the range of 40 to 60 °C, with the highest value of R* compared
to the other drying models.

The drying kinetics data of the F1 formulation (Figure 1)
shows fits of the curves by the Midilli model.

Joana D’arc P. de Matos et al.

Among the curves, the distancing of the curve for 50
°C from the others stands out, which is the result of more
pronounced drying rates at temperatures above 60 °C, observed
for smaller increments up to 80 °C.

Morais et al. (2019) showed that, at the beginning of drying,
the surface moisture of the product is easily eliminated, which
justifies the higher drying rates. However, as the dehydration
process continues, the moisture located inside the sample must
move to the surface, resulting in resistance to diffusion and
reduction in the drying rate. The drying rate increases as the
temperature is raised until the surface temperature reaches
its equilibrium. Galdino et al. (2016) showed the influence
of temperature on the drying curves of whole atemoya pulp,
which indicates that the higher the temperature, the faster
the drying.

The values of the coefficient of determination (R?> 0.97),
chi-squares (x* < 0.009) and the mean square deviations (DSM
< 0.08) of the models fitted to the drying kinetics data of the
F2 formulation (Table 4) demonstrate better results achieved
with Midilli, Diffusion Approximation, Logarithmic and Page
models, at the four temperatures tested.

Morais et al. (2019) obtained R? values above 0.99 when
fitting the models of Midilli, Logarithmic and Page to the
drying data of bacaba (Oenocarpus bacaba Mart.) pulp, at
temperatures of 40, 50 and 60 °C. Santos et al. (2019b), studying
drying of acuri (Attalea phalerata Mart. ex Spreng.) in slices,
fitted five models to the data and noted that the Midilli and
Logarithmic models equally fitted the data with a high degree
of precision.

There was also increase in the drying constant k with
increasing temperature for formulation F2, indicating that the
greater the magnitude of k, the greater the effective diffusivity
in the drying process. With the best performance criteria, R?,
x> and MSD, the Midilli model was used to fitting to the drying
kinetics of formulation F2 (Figure 2).

As observed in formulation F1, temperatures from 60 to
80 °C stand out from 50 °C, revealing a more proportional
correspondence between temperature increases and the drying
rate, with a less efficient response of drying at 50 °C.

In other agricultural products, the Midilli model also
provided good fits to the drying kinetics data, as reported by

Figure 1. Water content ratio as a function of foam mat drying time for formulation F1 in the temperature range from 50 to

80 °C with fits of the Midilli model
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Table 4. Parameters, coefficients of determination (R?), chi-squares (x?) and mean square deviations (MSD) of the models fitted
to the drying data of formulation F2 (1.0% albumin + 0.5% CMC) with 0.5-cm-thick foam mat

Zhou et al. (2019) studying the foam mat drying kinetics (60,
70 and 80 °C) of peach pulp; by Santos et al. (2019a) in the
drying of pataud (Oenocarpus bataua Mart.) pulp at different
temperatures (40, 50 and 60 °C) and foam mat thicknesses
(0.3 and 0.6 cm).

The fits to the drying kinetics data of the F3 formulation
(Table 5) resulted in high values of coefficients of determination
(R?), ranging from 0.97 to 0.99, chi-squares (x?) less than 0.005
and mean square deviations (MSD) less than 0.07. From the
set of performance criteria, the Midilli model showed higher
coefficients of determination (R?), and lower MSD and y*.

Aratjo et al. (2017) working with foam mat drying of
acerola (Malpighia emarginata D.C.) also found that the models

by Page, Newton and Henderson & Pabis showed satisfactory
fits to the experimental data.

The drying data of formulation F3 (Figure 3) shows the
fitting curves by the model of Midilli. Note the similarity in the
behavior of the drying curves of formulation F3 with that of
formulations F1 and F2, in which the curve at 50 °C is distant
from the behavior of drying curves from 60 to 80 °C, indicating
that the increase of 10 °C in the drying temperature between
50 and 60 °C was more effective in increasing the drying rate
than the 10 °C interval increases between 60 and 80 °C, whose
curves indicate more progressive rate increases.

The effective diffusivity coefficient (D,,) is the mass
diffusional parameter in Fick’s law, and it represents the

Rev. Bras. Eng. Agric. Ambiental, v.26, n.7, p.502-512, 2022.
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Figure 2. Water content ratio as a function of foam mat drying time for formulation F2 in the temperature range from 50 to
80 °C with fits using the Midilli model

Table 5. Parameters, coefficients of determination (R?), chi-squares (x?) and mean square deviations (MSD) of the models fitted
to the drying data of formulation F3 (1.0% albumin + 0.5% guar gum) with 0.5-cm-thick foam mat

Continues on the next page
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Continuation of Table 5

Figure 3. Water content ratio as a function of foam mat drying time for formulation F3 in the temperature range from 50 to

80 °C with fits of the Midilli model

conductive term of the entire moisture transfer mechanism
inside the product, such as molecular diffusion, capillary flow,
Knudsen flow and hydrodynamic flow (Castro et al., 2018).
Table 6 shows the values of the effective diffusion coefficients
of the three mixed pulp formulations, at drying temperatures
from 50 to 80 °C, obtained by applying the liquid diffusion
model.

As the drying temperature increased, there was increase in
the effective water diffusivity of the samples, corresponding to

Table 6. Effective diffusivity coefficients (D ) and coefficients
of determination (R?) obtained in the drying kinetics of the
formulations at temperatures of 50, 60, 70 and 80 °C

F1 - Albumin (1.0%) + Xanthan gum (0.5%); F2 - Albumin (1.0%) + Sodium
carboxymethyl cellulose (0.5%); F3 - Albumin (1.0%) + Guar gum (0.5%)

increases of 98.06, 87.51 and 84.15% in formulations F1, F2 and
F3, respectively, comparing the extremes of temperatures. The
F1 sample showed the greatest increase in diffusivity among
the samples; however, the F3 sample started from a higher
diffusivity at 50 °C, so this formulation had the highest value,
among the three evaluated, at 80 °C. An increase in temperature
causes a reduction in water viscosity and increases the mobility
of the liquid’s molecules (Touil et al., 2014).

Similar behavior of increasing D as the drying temperature
increases was verified by Dehghannya et al. (2019) in the foam
mat drying (50, 60 and 70 °C) of lemon (Citrus latifolia) juice,
due to the increase in vapor pressure inside the foam as a result
of the higher temperatures, with D results between 1.061 x 10°®
and 1.666 x 10® m*s™, and by Freitas etal. (2018), in the of drying
of yellow mombin (Spondias mombin L.) pulp, with effective
diffusivity between 5.18 x 10° and 2.68 x 10® m* s between
temperatures from 50 to 80 °C. Sousa et al. (2017) studied the
effective diffusivities in dried pequi (Caryocar coriaceum Wittm)
pulps in layers with thicknesses of 0.5, 1.0 and 1.5 cm, at 50, 60,
70 and 80 °C, and reported increases in diffusivity values with
increasing layer thickness and temperature, with values ranging
between 0.93 and 3.93 x 10 m*s™.

The effect of drying temperature on effective diffusivity is
generally explained using an Arrhenius equation, to obtain a
better agreement between experimental and predicted data
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Table 7. Values of the parameters of the Arrhenius equation,
activation energy (E ) and coefficient of determination (R*)
of mixed pulp formulations at temperatures from 50 to 80 °C

F1 - Albumin (1.0%) + Xanthan gum (0.5%); F2 - Albumin (1.0%) + Sodium
carboxymethyl cellulose (0.5%); F3 - Albumin (1.0%) + Guar gum (0.5%)

(Moura et al., 2021). Thus, Table 7 shows the activation energy
values for the effective diffusivity in the drying process of F1,
F2 and F3 formulations in the temperature range between 50
and 80 °C.

Zogzas et al. (1996) state that the activation energy for
effective diffusivity in the agricultural products varies from
12.7 to 110 k] mol, a range which encompasses the activation
energies determined in the drying of mixed pulp formulations.
The results show that F1 required greater activation energy for
the drying process and that the other formulations showed
values close to each other.

Mohammadi et al. (2018) reported an activation energy value
0£29.93 k] mol™ in a kiwi fruit drying test. Komolafe et al. (2019),
studying the solar drying of locust beans (Parkia biglobosa),
determined activation energy value of 21.65 k] mol. The high
E, value implies a great need for energy, since a higher barrier
must be overcome to start the water release process.

Table 8 shows the values the thermodynamic properties
with the values of the enthalpy (AH), entropy (AS) and Gibbs
free energy (AG) for F1, F2 and F3 formulations subjected to
drying at temperatures between 50 and 80 °C.

The AH values were positive indicating that in the foam
mat drying process, heat is absorbed by the sample through
heat transfer, that is, it is an endothermic process. With the
increase in the drying temperature, there was reduction in the
values of enthalpy.

The AH values for the mixed pulp ranged between 16.3447
and 18.7069 kJ mol’!, being lower than those of the convective
drying of bacaba pulp (34.2391 to 34.4054 k] mol™*) for
temperatures between 40 and 60 °C (Morais et al., 2019). These
differences are probably due to the chemical composition of
the pulps, temperatures and the type of drying process, as
foam mat drying favors the release of water, hence requiring

Table 8. Thermodynamic properties, enthalpy (AH), entropy
(AS) and Gibbs free energy (AG), of drying kinetics of mixed
pulp formulations at temperatures of 50, 60, 70 and 80 °C

F1 - Albumin (1.0%) + Xanthan gum (0.5%); F2 - Albumin (1.0%) + Sodium
carboxymethyl cellulose (0.5%); F3 - Albumin (1.0%) + Guar gum (0.5%)
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less energy to remove water from the product. It is observed
that among the three formulations F2 had the lowest values
of AH, followed by F3 and F1, indicating that F2 needs less
energy to dry.

The entropy has been reduced with the increase in the
drying temperature, indicating that the lower the entropy, the
lower the excitation of the water molecules, that is, there is a
greater degree of order between the water molecules and the
product (Silva et al., 2016).

Gibbs free energy characterizes the drying process as
spontaneous or non-spontaneous and indicates how much water is
bound to the product. Gibbs free energy increased with increasing
drying temperature and the positive sign (AG > 0) indicates that
the reaction was endergonic, that is, non-spontaneous, in which
the addition of energy from the surrounding air is necessary for
the withdrawal of water from the product.

Silva et al. (2016), determining the thermodynamic
parameters of the anthocyanin thermal degradation in acerola
(Malpighia emarginata D.C.) pulp, found lower Gibbs free
energy values (86.670 to 88.603 kJ mol*) for temperatures
between 60 and 90 °C.

Santos et al. (2019a) observed reduction in enthalpy
(29.8025 to 29.6363 k] mol’) and an increase in entropy
(-0.3246 to -0.3251 k] mol™ K') and Gibbs free energy
(131.4560 to 137.9535 kJ mol!) in the drying of pataua
(Oenocarpus bataua Mart.) pulp under different temperatures
(40, 50 and 60 °C) in the 0.6-cm-thick foam mat.

CONCLUSIONS

1. Samples of jambolan and acerola mixed pulp with
addition of albumin + guar gum (F3) dried in shorter times,
followed by samples with albumin + xanthan gum (F1). The
drying models applied satisfactorily fitted the drying kinetics
of the samples in the temperature range from 50 to 80 °C, with
better performance by the Midilli model.

2. The effective diftusivity coefficients showed higher values
in the samples of formulation with jambolan and acerola mixed
pulp and additives albumin + gum guar (F3). The activation
energy was higher in the pulp formulation using albumin +
xanthan gum (F1), while samples with addition of albumin +
sodium carboxymethyl cellulose (F2) and albumin + gum guar
(F3) were equivalent.

3. Enthalpy and entropy decreased with drying temperature,
and Gibbs free energy increased; the greatest enthalpy and
entropy were determined in the samples with albumin + guar
gum (F3) and the highest Gibbs free energy in the samples
with albumin + xanthan gum (F1).

4. The elevation of the drying air temperature caused greater
reduction in the water content and in the dehydration time of
the samples.
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