REVISTA
*“*.FACULTAD

DEL ZULIA e e, ey | Repositorio Académico 2\ AGRONOMIA

71| UNIVERSIDAD Serbiluz Biblioteca Digital éE)

Mathematical modeling of the onion drying process: Kinetic and Thermodynamic Parameters
Modelacion matematica del proceso de secado en cebolla: Parametros Cinéticos y Termodindmicos

Modelagem matematica do processo de secagem da cebola: Pardmetros Cinéticos e Termodinamicos

Bruno César Giménez-Lopez!™ "Universidad Tecnologica del Pert.

Cristhian Ronceros Morales! ?Laboratorio de Quimica Analitica Instrumental, Escuela
Alejandro Alfredo Quispe Mayuri? Profesional de Ingenieria Agroindustrial, Facultad de
Rosalio Cusi Palomino?® Ingenierias, Universidad Privada San Juan Bautista, Ica Perq.
Manuel Antonio Giménez-Medina? 3Universidad Nacional San Luis Gonzaga de Ica, Pert.

Carmen Luz Cuba Cornejo?

Received: 06-05-2024
Rev. Fac. Agron. (LUZ). 2024, 41(3): 244127 Accepted: 13-07-2024
ISSN 2477-9407 Published: 13-08-2024
DOI: https://doi.org/10.47280/RevFacAgron(LUZ).v41.n3.07

Food technology

Associate editor: Dra. Gretty R. Ettiene Rojas
University of Zulia, Faculty of Agronomy
Bolivarian Republic of Venezuela.

Keywords; Abstract
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Mathematical models The dehydration processes of onions are governed by a series
Kinetic parameters of kinetic and thermodynamic parameters that, when controlled,
Drying efficiency facilitate the identification of a mathematical model that will
Environmental sustainability improve the efficiency and quality of the drying process in terms

of reducing production costs, environmental sustainability, and
the development of innovative products. In this study, various
mathematical models were validated to accurately describe the
drying process, and from them, the kinetic and thermodynamic
parameters governing the dehydration processes were determined.
For the experimental development, onions grown in the Ica region
of Peru were peeled, cut into pieces, and dehydrated (60, 70, and
80 °C), and five mathematical models were applied to model the
drying kinetics of the process. The Midilli model was the best fit
for the experimental curves. Increasing the temperature reduced the
enthalpy and increased the entropy, Gibbs free energy, and effective
diffusion coefficient in both varieties of onions. Determining
the drying kinetics has been essential for establishing operating
conditions by understanding how temperature, relative humidity,
and other parameters affect the moisture removal rate, allowing for
the design of optimal equipment and predicting product behavior
during the drying process.
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Resumen

Los procesos de deshidratacion de la cebolla estan regidos por una
serie de parametros cinéticos y termodinamicos que al ser controlados,
facilitan la identificacion de un modelo matematico, que permitira
mejorar la eficiencia y calidad del proceso de secado en términos
de reduccion de costos de produccion, sostenibilidad ambiental y
desarrollo de productos innovadores. En este trabajo se validaron
diferentes modelos matematicos que describan con precision el proceso
de secado y a partir de ellos determinar los parametros cinéticos y
termodinamicos que gobiernan los procesos de deshidratacion. Para el
desarrollo experimental se utilizaron cebollas cultivadas en la region
de Ica, Pert, peladas, cortadas en trozos y deshidratadas (60, 70, y
80 °C) y se aplicaron cinco modelos matematicos para modelar la
cinética del secado del proceso. El modelo de Midilli fue el que mejor
se adapto a las curvas experimentales. El aumento de la temperatura
redujo la entalpia e increment6 la entropia, la energia libre de Gibbs,
y el coeficiente de difusion efectivo en ambas variedades de cebolla.
La determinacion de la cinética de secado ha sido fundamental
para establecer las condiciones de operacion, al comprender como
la temperatura, la humedad relativa y otros parametros afectan la
velocidad de eliminacion de la humedad, permitiendo el disefio de
equipos Optimos y prever el comportamiento del producto durante el
proceso de secado.

Palabras clave: deshidratacion de cebolla, modelos matematicos,
parametros cinéticos, eficiencia de secado, sostenibilidad ambiental.

Resumo

Os processos de desidratacao da cebola sdo regidos por uma série
de parametros cinéticos e termodinamicos que, quando controlados,
facilitam a identificacdo de um modelo matematico que permitira
melhorar a eficiéncia e a qualidade do processo de secagem em
termos de redug@o de custos de produgao, sustentabilidade ambiental
e desenvolvimento de produtos inovadores. Neste trabalho, varios
modelos matematicos foram validados para descrever com precisao o
processo de secagem e, a partir deles, determinaram-se os parametros
cinéticos e termodindmicos que regem os processos de desidratagdo.
Para o desenvolvimento experimental, foram utilizadas cebolas
cultivadas na regiao de Ica, Peru, descascadas, cortadas em pedagos
¢ desidratadas (60, 70 ¢ 80 °C), e aplicaram-se cinco modelos
matematicos para modelar a cinética de secagem do processo. O
modelo de Midilli foi o que melhor se ajustou as curvas experimentais.
O aumento da temperatura reduziu a entalpia e aumentou a entropia,
a energia livre de Gibbs e o coeficiente de difusdo efetivo em ambas
as variedades de cebola. A determinagdo da cinética de secagem
tem sido fundamental para estabelecer as condi¢des de operagao,
compreendendo como a temperatura, a umidade relativa e outros
parametros afetam a velocidade de remogao da umidade, permitindo
o design de equipamentos 6timos e prevendo o comportamento do
produto durante o processo de secagem.

Palavras-chave: desidratacdo da cebola, modelos matematicos,
pardmetros cinéticos, eficiéncia de secagem, sustentabilidade
ambiental.

Introduccion
The drying of onion (4llium cepa L.) drying represents a crucial

aspect in the agri-food processing chain, with significant implications
for conservation, quality, and production efficiency (Attkan et al.,

2021). Inefficient drying can lead to significant quality losses of the
final product, affecting its organoleptic and nutritional characteristics;
while at the production level it generates a significant increase in
energy consumption, directly impacting production costs and the
environment (Babu et al., 2018; Braga da Silva et al., 2019).

It is essential to use mathematical modeling and simulation of
drying curves to ensure optimal process control and production of the
highest-quality products. Tools that improve operational efficiency
and process sustainability by reducing energy consumption,
preventing premature wear of drying equipment, and preserving
the quality of the final product (Fernando and Amarasinghe, 2016;
Lemus-Mondaca et al., 2015).

Prediction and control of the drying process make it possible
to guarantee maximum quality and energy efficiency by accurately
describing the behavior of onion drying through mathematical
models, which allow optimization of the kinetic and thermodynamic
parameters of the process (Chakraborty et al., 2023; Silveira Dorneles
et al., 2019). Some authors such as Compaoré et al. (2019) indicate
that the mathematical model that best describes the drying kinetics
in various foods is the one proposed by Midilli, while Attkan et al.
(2021) and Revaskar et al. (2014) consider that Page’s model best fits
the experimental curves.

However, the mathematical model can be determined by the
type of drying process used for dehydration, such as convection
(Przeor et al., 2019) and osmodehydrofreezing (Bosco et al., 2018)
or microwave methods (Khodja et al., 2020; Siifer et al., 2017) and
fluidized bed equipped with a heat pump dehumidifier developed by
Jafari et al. (2016), among others.

Therefore, the objective of this research was to determine the
mathematical modeling, kinetic, and thermodynamic parameters that
describe the drying process of Allium cepa L., Noam, and Centrum
varieties. This allows the process to be optimized from an energetic
perspective and improve the quality of the product, enriching the
body of knowledge in the engineering of agri-food processes. It also
establishes the foundations for future research in this field, opening
new opportunities for technological progress and innovation in food
processing.

Materials and Methods

Raw Material

The onions, Allium cepa L., Centrum (yellow) and Noam (red),
were acquired at the Arenales local market, in the city of Ica, Peru,
24 hours after harvest, guaranteeing their freshness and quality.
Subsequently, the bulb was peeled to remove the outermost layer
and cut into small uniform slices with a stainless steel chopper and
refrigerated at 6 © C until the drying process began.

Drying process

The drying process of the two varieties of Allium cepa L. was
carried out in a tray dryer (Proctor and Schwartz, SCM Corporation),
with electrical resistances to generate heat. This equipment achieved a
drying speed of 11 m . s and maintained a constant dry air flow of 2.0
+0.2 m. s, with a total load capacity of 5 kg. The drying temperatures
used were 60, 70 and 80 ° C and the dimensionless moisture ratio (MR)
was calculated according to the following equation:

Mt_Me

MR = ——
MO_Me

ec (1)

Where M, indicates the moisture content over time (t) until the
constant weight is reached, Me is the equilibrium moisture content,
and M is the initial moisture content.
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Mathematical Models

Table 1 shows five simplified mathematical models explaining the
evolution of the moisture content during drying of the two varieties
of Allium cepa L.

Table 1. Mathematical models describing drying processes.

Model name Model equation Equation
Page MR=exp(—kt") )
Midilli MR=axexp(—kt" )+ (b*t) 3)
Lewis MR=exp(—kt) 4)
Logaritmico MR=axexp(—kt)+c (5)
Henderson y Pabis MR=axexp(—kt) (6)

Here, a, b, ¢, k, and n represent the kinetic constants of the models, while MR is the
moisture ratio and t is the drying time.

Diffusion coefficient, activation energy, and thermodynamic
properties

The effective moisture diffusion coefficient (D), expressed
in square meters per second (m2s'), was calculated using Fick’s
second law for diffusion, applied at different drying temperatures.
This determination is based on the assumption that the temperature
remains constant during the drying process, without undergoing
significant changes. For this calculation, the equation that models the
drying process was used:

2
—In(MR) = (nfe”)t —In (g) ec (7)

By analyzing the relationship between drying time (t) and
moisture ratio (MR) of Allium cepa L., and taking into account that
its geometry resembles a sheet, where L represents half the thickness
of the material and D as the measure of the capacity of moisture to
diffuse through the material, from the slope of the straight line (m)
obtained from the linear graph of equation 7, D ; can be calculated.

aml?
(T) = Desr  ec(8)

Considering that D . in foods presents a markedly dependent
relationship with the drying temperature and that its behavior is
aligned with the Arrhenius model, it is established that the relationship
between D . and the drying air temperature (Ta) is well described by
the Arrhenius model.

_La]
Dess = Dyexpl RTal ec (9)

Where, R is the universal gas constant 8.314 J.mol.K"!, Ea is
the activation energy (J.K"'.mol"), DO is the preexponential factor or
initial diffusion constant (m>s') and Ta is the absolute temperature
(K). From the linearized Arrhenius equation, as shown in equation
10, it is observed how D varies with the absolute temperature (Ta)
measured in kelvin.

—In(Desr) = (%) (T_la) +1InDy ec (10)

Ea and D, are calculated from the slope (m) and intercept (b),
respectively, of the graph of Equation 10. Furthermore, once Ea is
known, it is possible to calculate the differentials of enthalpy (AH),
entropy (AS) and Gibbs free energy (AG) differentials using the
following equations:

AH =E, —RT ec (11)

k
AS =R (lnDo —In (h—B) - lnT> ec (12)

(4

AG = AH —TAS ec (13)

Where: K, represents Boltzmann’s constant (1.38 x 10 JK™),
hp is Planck’s constant (6,626 x 1073* J.s) and T is the absolute
temperature (Ta) measured in kelvin.

Statistical analysis

The suitability of the proposed models for the drying kinetics of
the two onion varieties was evaluated by statistical tests involving
the sum of squares error (SSE) using equation 14 and employing the
Excel Solver that allows maximization of an objective function that is
subject to certain restrictions. The lowest values of SSE (=0.0) were
used as a criterion to choose the model that best fits the experimental
curve.

1 3 2
SSE = NZ(MRe_i —MR.;)" Ec(14)
i=1

In the equation, MR ; represents the experimental moisture
content, MR , is the calculated moisture content, 1 is the number of
terms, and N is the number of data.

The values of Deff, AH, AS and AG for the same variety of A//ium
cepa L. were compared using the analysis of variance test (ANOVA)
with a confidence level of 95 %. On the other hand, when comparing
the values of Deff, Ea, AH, AS and AG between the two varieties of
Allium cepa L., Student’s t test for independent samples was used,
also with a confidence level of 95%.

Results and discussion

Drying kinetic curves

Figure 1 shows the drying curves obtained experimentally for
Allium cepa L., Centrum, and Noam varieties that were subjected to
different drying temperatures (60, 70, and 80 °C).

Figure 1 shows that as the air drying temperature increases, the
relative humidity decreases significantly in both onion varieties
analyzed, observing that the drying process reaches equilibrium faster
at 80 °C, with equilibrium times of 120 minutes for the Noam variety
and 150 minutes for the Centrum. This difference in equilibrium times
is statistically significant (p-value = 0.000) at a confidence level of 95
%. According to Pasechny et al. (2023) this may be due to a higher
phenolic content in the Noam variety, a red onion, compared to the
white or yellow varieties.

The study did not detect significant differences in initial
moisture levels between the two onion varieties, with mean values
of approximately 88.6 % for Centrum and 86.5 % for Noam, with
a significance level of 5 %. This indicates a uniformity in the initial
moisture content, which facilitates a fair comparison of their behavior
during the drying process. The trend of a faster reduction in drying
time with increasing temperature aligns with the results of research
such as those developed by Siqueira et al. (2015) on timbo leaves,
Silva-Paz et al. (2023) on muda, Silva et al. (2015) on jenipapo and
Gasparin et al. (2017) with mentha piperita leaves. This phenomenon
is mainly attributed to variations in vapor pressure between the
product and the surrounding air, a fundamental principle in drying
dynamics.The mathematical model that showed the best fit based on
the obtained value of the sum of squares error (SSE) for Allium cepa
L., the Noam variety and the Centrum variety was the Midilli model
as can be seen in table 2.
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Figure 1. Dimensionless moisture ratio (MR) curves as a function of time, under three different drying temperatures (60, 70 and 80 °C),
for Allium cepa L., varieties Noam (a) and Centrum (b).

Table 2. Empirical models and regressive statistical parameters for Centrum and Noam varieties of Allium cepa L.

Allium cepa L., var. Centrum

Model T(C) SSE K N A C B
Lewis 0.144 0.0077
Page 0.050 0.0430 0.6
Henderson y Pabis 60 0.029 0.0056 0.79
Logaritmo 0.024 0.0025 1.30 -0.543
Midilli 0.021 1.7x10° 2.5x10% 0.70 -2.5x 107
Lewis 0.051 0.0096
Page 0.035 0.0045 1.2
Henderson y Pabis 70 0.050 0.0099 1.03
Logaritmo 0.010 0.0061 1.17 -0.222
Midilli 0.008 0.0031 1.2 0.91 -3.6x10*
Lewis 0.073 0.0204
Page 0.066 0.0337 0.9
Henderson y Pabis 80 0.046 0.0172 0.84
Logaritmo 0.019 0.0097 0.96 -0.208
Midilli 0.005 1.22x 10+ 2.1 0.62 -3.3x10°

Allium cepa L., var. Noam

Lewis 0.025 0.0095
Page 0.023 0.0116 1.0
Henderson y Pabis 60 0.022 0.0091 0.97
Logaritmo 0.022 0.0086 0.98 -0.025
Midilli 0.021 8.3x10° 2.5x 10 0.97 -2.5x10°
Lewis 0.085 0.0113
Page 0.022 0.0022 1.4
Henderson y Pabis 70 0.058 0.0127 1.12
Logaritmo 0.028 0.0089 1.20 -0.152
Midilli 0.015 1.8x 107 1.5 0.92 -2.9x10*
Lewis 0.057 0.0224
Page 0.023 0.0217 1.4
Henderson y Pabis 80 0.042 0.0196 0.87
Logaritmo 0.024 0.0136 0.92 -0.115
Midilli 0.008 42x10? 1.9 0.65 -2.8x10°
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Table 3. Effective diffusivity coefficient for Allium cepa L., varieties
Noam and Centrum at different drying temperatures

(60, 70 and 80 °C).
Allium cepa L.

TX) Noam Centrum

D, (m’s") D, (m’s™)

333.15 8.75x 10 1.79 x 101

343.15 1.87 x 107 9.71 x 1071

353.15 4.47x 107 3.26x 10°

Se observo que los valores de Deff del agua para la variedad
Noam de Allium cepa L. aumentaron conforme se incremento
la temperatura de secado de 8.75 x 10 hasta 4.47 x 107 m%s' en
el rango de 60 — 80 °C, y para Allium cepa L., variedad Centrum
aumento desde 1.79 x 10 hasta 3.26 x 10”. Los valores son muy
similares a los que han sido reportados previamente por Siifer e al.
(2017) que obtuvo coeficientes de difusion entre 1.962 x 10y 1.372
x 1078 m%s! cuando el secado fue por conveccion, entre 9.8 x 107
y 1.7 x 10°® m%s'para el secado en vacio, ambos procesos llevados
a cabo en 50 y 70 °C y entre 3.193 x 10® y 9.139 x 1077 m*s'para
secado en microondas. Por otra parte, Attkan et al. (2021) reportaron
que los valores efectivos de difusividad de la humedad en las rodajas
de cebolla variaron entre 1.33 x 10 m*s'y 2.49 x 10* m?.s"en un
secador solar hibrido asistido por aire de baja humedad.

The water Deff values for the Noam Allium cepa L. variety were
observed to increase as the drying temperature increased from 8.,75
x 108 to 4.47 x 107 m%s in the range of 60 - 80 °C, and for Allium
cepa L., the Centrum variety increased from 1,79 x 10 to 3.26 x 10-
%. The values are very similar to those previously reported by Siifer
et al. (2017) who obtained diffusion coefficients between 1.962 x
107y 1.372 x 107®* m%s" when drying was by convection, between

Noam
16,5
y = 9584,5x - 12,492 .
16 R2 =0,9966
=) .
()]
Q 15,5 3
£
15 )
14,5 e
0,00281 0,00291 0,00301
1/T
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9.8 x 107 and 1.7 x 10® m%s™! for vacuum drying, both processes
carried out at 50 and 70 °C and between 3.193 x 10 and 9.139 x 10”7
m?.s! for microwave drying. On the other hand, Attkan et al. (2021)
reported that the effective moisture diffusivity values in onion slices
ranged from 3,193 x 1078y 9,139 x 107 m%s!in a low humidity air-
assisted hybrid solar dryer.

Thermodynamic properties of the Allium cepa L., Noam and
Centrum varieties

Knowledge of activation energy values allows selecting the
optimal temperature and operation time; very high Ea values lead
to slow and long drying processes with direct effect on production
costs; in contrast, low Ea lead to fast drying processes that can
cause degradation of the quality of product sheets (Fernando and
Amarasinghe, 2016; Padilla-Frias et al. 2018).

Based on the slope of the line described by the Arrhenius equation,
as shown in Figure 2, the activation energy (Ea) was calculated for
the two varieties of Allium cepa L., Noam, and Centrum. Statistically
significant differences in Ea (p-value = 0.000) were found for both
varieties, being (79.685 + 0.012) kJmol-1 for the Noam variety and
(141.653 + 0.014) kJmol-1 for the Centrum variety. The results
obtained are much higher than those reported by Siifer ez al. (2017) in
Allium cepa L., in the range of 3,28 to 34,13 kJ.mol"! for convection
and vacuum drying processes, while 2.25 to 6.08 W/kg for microwave
drying. According to the above, the activation energy is independent
of the drying conditions as proposed by Compaor¢ et al. (2019).

No statistically significant disparities with differential enthalpy
(AH) for Allium cepa L., variety Noam (p-value = 0.579) and Centrum
(p-value = 0.858) when varying drying temperatures (60, 70, and 80
°C), for a 95 % confidence level. However, when comparing between
varieties, statistically significant disparities (p-value = 0.000) were
found in AH, being 76.8 + 0.2 kJ.mol! for the Noam variety and 138.9
+ 0,3 kJ.mol"! for the Centrum variety, as detailed in table 4.

Centrum
23
y = 17083x - 28,898 K
22 R? =0,994
&
A 21
= -
20
e
19
0,00281 0,00291 0,00301
1/T

Figure 2. Curves of the effective diffusivity coefficient as a function of the inverse of temperature (60, 70 and 80 °C), for Allium cepa L.,

varieties Noam and Centrum.
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Table 4. Thermodynamic parameters for red and yellow onion.

AH AS AG
T (kJ mol?) (kJ mol' K1) (kJ mol™)
°C) Allium cepa L. Allium cepa L. Allium cepa L.
Noam Centrum  Noam Centrum Noam  Centrum
60 76,9 138,9 -48,3 -486,1 93,0 30,1
70 76,8 138,8 485 -486,3 93,5 30,6
80 76,7 138,7 -48,8 -486,6 94,0 31,1

However, no statistically significant disparities were found in
the values of the entropy differential (AS) for Allium cepa L., variety
Noam (p-value = 0.832) and Centrum (p-value = 0.828) when varying
the drying temperatures (60, 70, and 80) °C, for a confidence level
of 95 %. However, when comparing between varieties, statistically
significant disparities (p-value = 0.000) were found in the AS, being
—48.4 £+ 0.3 kJmol'K! for the Noam variety and —486.4 = 0.2 kJ.mol-
LK for the Centrum variety, as detailed in Table 4. Therefore, it can
be observed that the values obtained for AH, AS are lower than those
recorded by Braga da Silva et al., (2019).

In the Gibbs free energy differential, no statistically significant
disparities were found for Allium cepa L., variety Noam (p-value
= 0.923) and Centrum (p-value = 0.885) when varying the drying
temperatures (60, 70 and 80) °C, for a confidence level of 95 %.
However, when comparing between varieties, statistically significant
disparities (p-value = 0.000) were found in the Gibbs free energy
differential, being 94.0 + 0,1 kJ.mol! for the Noam variety and 30.1
+ 0,2 kJ.mol"! for the Centrum variety, as detailed in Table 4. These
results are lower than those published by Braga da Silva et al. (2019)
on pretreated Piper aduncum leaves (108.955 y 113.889 kJ.mol "), and
higher than those reported by Quequeto et al. (2019) on laurel leaves
(53.038 kJ.mol ).

Conclusions

The Midilli model was determined to be the most appropriate
model to represent the experimental data on the drying process of
Allium cepa L., applicable to the Noam and Centrum varieties
regardless of variations in drying temperature. Furthermore, increasing
the temperature during the drying process significantly reduced the
time required to remove water from both varieties of Allium cepa L.
and caused an increase in the effective water diffusion coefficient.
However, this increase in temperature did not significantly affect
the values of enthalpy differential, entropy, and Gibbs free energy,
demonstrating that these thermodynamic properties remain relatively
stable under the drying conditions studied.

Literatura citada

Attkan, A., Alam, M., Raleng, A., & Yadav, Y. K. (2021). Drying Kinetics of Onion
(Allium cepa L.) Slices using Low-humidity Air-assisted Hybrid Solar
Dryer. Journal of Agricultural Engineering (India), 58(3). Doi:10.52151/
jae2021581.1750

Babu, A. K., Kumaresan, G., Raj, V. A. A., & Velraj, R. (2018). Review of leaf
drying: Mechanism and influencing parameters, drying methods, nutrient
preservation, and mathematical models. Renewable and Sustainable
Energy Reviews, 90, 536-556. Doi: 10.1016/j.rser.2018.04.002

Bosco, D., Roche, L. A, Della Rocca, P. A, & Mascheroni, R. H. (2018).
Osmodehidrocongelacion de batata fortifcada con Zinc y Calcio.
INNOTEC, 15. Doi: 10.26461/15.05

Braga da Silva, N. C., Ferreira dos Santos, S. G., Pereira da Silva, D., Silva, L.
L., & Souza Rodovalho, R. (2019). Drying kinetics and thermodynamic
properties of boldo leaves (Plectranthus barbatus Andrews). Jaboticabal,
47(1), 1-7. D0i:10.15361/1984-5529.2019v47n1p1-7

Chakraborty, R., Kashyap, P, Gadhave, R. K., Jindal, N., Kumar, S., Guiné,
R. P. F, Mehra, R, & Kumar, H. (2023). Fluidized Bed Drying of
Wheatgrass: Effect of Temperature on Drying Kinetics, Proximate
Composition, Functional Properties, and Antioxidant Activity. Foods,
12(8). Doi:10.3390/foods12081576

Compaoré¢, A., Putranto, A., Dissa, A. O., Ouoba, S., Rémond, R., Rogaume, Y.,
Zoulalian, A., Béré, A, & Koulidiati, J. (2019). Convective drying of
onion: modeling of drying kinetics parameters. Journal of Food Science
and Technology, 56(7), 3347-3354. Do0i:10.1007/s13197-019-03817-3

Fernando, J. A. K. M., & Amarasinghe, A. D. U. S. (2016). Drying kinetics
and mathematical modeling of hot air drying of coconut coir pith.
SpringerPlus, 5(1). Doi:10.1186/s40064-016-2387-y

Gasparin, P. P, Christ, D., & Coelho, S. R. M. (2017). Drying of Mentha piperita
leaves on a fixed bed at different temperatures and air velocities. Revista
Ciéncia Agronomica, 48(2). Doi:10.5935/1806-6690.20170028

Jafari, S. M., Ganje, M., Dehnad, D., & Ghanbari, V. (2016). Mathematical, Fuzzy
Logic and Artificial Neural Network Modeling Techniques to Predict
Drying Kinetics of Onion. Journal of Food Processing and Preservation,
40(2), 329-339. Doi:10.1111/jfpp.12610

Khodja, Y. K., Dahmoune, F., Bachir bey, M., Madani, K., & Khettal, B. (2020).
Conventional method and microwave drying kinetics of Laurus nobilis
leaves: effects on phenolic compounds and antioxidant activity. Brazilian
Journal of Food Technology, 23. Doi:10.1590/1981-6723.21419

Lemus-Mondaca, R., Vega-Galvez, A., Moraga, N. O., & Astudillo, S. (2015).
Dehydration of Stevia rebaudiana Bertoni Leaves: Kinetics, Modeling
and Energy Features. Journal of Food Processing and Preservation,
39(5), 508-520. Doi:10.1111/jfpp.12256

Siqueira Martins, E. A., Lage, E. Z., Duarte Goneli, A. L., Hartmann Filho, C. P,
& Lopes, J. G. (2015). Drying kinetics of Serjania marginata Casar leaves.
Revista Brasileira de Engenharia Agricola e Ambiental, 19(3), 238-244.
Doi:10.1590/1807-1929/agriambi.v19n3p238-244

Pasechny D., Smotraeva 1., and Balanov P. (2023). Phenolic Compounds from
onion husk (4/lium cepa L.): Mode of Extraction. BIO Web of Conferences
67, 03017E DOI: Doi:10.1051/bioconf/20236703017

Przeor, M., Flaczyk, E., Beszterda, M., Szymandera-Buszka, K. E., Piechocka,
J., Kmiecik, D., Szczepaniak, O., Kobus-Cisowska, J., Jarzgbski, M., &
Tylewicz, U. (2019). Air-drying temperature changes the content of the
phenolic acids and flavonols in white mulberry (Morus alba L.) leaves.
Ciéncia Rural, 49(11). Doi:10.1590/0103-8478cr20190489

Quequeto, W. D., Siqueira, V. C., Mabasso, G. A., Isquierdo, E. P, Leite, R. A,
Ferraz, L. R., Hoscher, R. H., Schoeninger, V., Jordan, R. A., Goneli, A.
L. D., & Martins, E. A. S. (2019). Mathematical Modeling of Thin-Layer
Drying Kinetics of Piper aduncum L. Leaves. Journal of Agricultural
Science, 11(8), 225. Doi:10.5539/jas.v11n8p225

Revaskar, V. A., Pisalkar, P. S., Pathare, P. B., & Sharma, G. P. (2014). Dehydration
kinetics of onion slices in osmotic and air convective drying process. Res.
Agr. Eng., 60(3), 92-99. Do0i:10.17221/22/2012-RAE

Silva, L. A., Resende, O., Virgolino, Z. Z., Bessa, J. F. V., Morais, W. A., &
Vidal, V. M. (2015). Drying kinetics and effective diffusivity in jenipapo
sheets (Genipa americana L.). Genipa americana L.). Revista Brasileira
de Plantas Medicinais, 17(4 suppl 2), 953-963. Doi:10.1590/1983-
084X/14_106

Silva-Paz, R. J., Mateo-Mendoza, D. K., & Eccona-Sota, A. (2023). Mathematical
Modelling of Mufa Leaf Drying (Minthostachys mollis) for
Determination of the Diffusion Coefficient, Enthalpy, and Gibbs Free
Energy. ChemEngineering, 7(3). Doi:10.3390/chemengineering7030049

Silveira Dorneles, L. do N., Duarte Goneli, A. L., Lima Cardoso, C. A., Bezerra
da Silva, C., Hauth, M. R., Cardoso Ob4, G., & Schoeninger, V. (2019).
Effect of air temperature and velocity on drying kinetics and essential
oil composition of Piper umbellatum L. leaves. Industrial Crops and
Products, 142, 111846. Doi:10.1016/j.indcrop.2019.111846

Siifer, 0., Sezer, S., & Demir, H. (2017). Thin layer mathematical modeling of
convective, vacuum and microwave drying of intact and brined onion
slices. Journal of Food Processing and Preservation, 41(6), e13239.
Doi:10.1111/jfpp.13239

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.


https://doi.org/10.1051/bioconf/20236703017

