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Abstract  

 
This research aims to design a quince [Cydonia oblonga] drying 
process in a tray dryer, with the aim of determining optimal 
drying points, thus adding value to the region's fruits. Fick and 
Page mathematical models were applied to determine the optimal 

time and temperature for quince [Cydonia oblonga] drying. The 
drying process was evaluated at different temperatures [40, 50, 
60, and 70°C] as a function of time. Optimal drying temperature 
parameters were also identified, considering the following 
variables: thickness, diameter, drying time, and humidity. Based 
on experimental tests and statistical analysis, it was observed that 
optimal operating conditions exist for tray drying and also for the 
preservation and proper consumption of quince. Currently, there 

is little research on quince [Cydonia oblonga] drying in Mexico, 
since different types of drying have been carried out in Argentina 
and Peru, such as osmosis dehydration and solar drying. 
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Resumen  

 
La presente investigación consiste en diseñar un proceso de secado 

de membrillo [Cydonia Oblonga] en un secador de charolas, con la 

finalidad de determinar los puntos óptimos de secado dando un valor 

agregado a los frutos de la región. Se aplicaron modelos matemáticos 

Fick y Page para determinar el tiempo y la temperatura optima de 

secado membrillo [Cydonia oblonga] para evaluar el proceso de 

secado a diferentes temperaturas 40, 50 ,60 y 70°C en función del 

tiempo, así mismo se Identificaron los parámetros de temperatura 

optima de secado considerando las siguientes variables: grosor, 

diámetro, tiempo de secado y humedad de acuerdo a las pruebas 

experimentales y al análisis estadístico se observo que existen 

condiciones óptimas de operación para el secado por charolas y así 

mismo para la conservación y consumo adecuado del membrillo. 

Actualmente en México existe poca investigación sobre secado de 

membrillo [Cydonia oblonga] ya que en Argentina y Perú se han 

realizado diferentes tipos de secado como el Deshidratado por 

Osmosis y el secado solar. 
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Introduction 

 

Food preservation is as old as human history and 

played a major role in the transformation of man 

from hunter-gatherer [nomadic man] to farmer.  

 

Water is an important component that 

contributes to the structure and texture of food; 

its interaction with other components determines 

the relative stability during storage. An 

important reason for removing moisture from 

food is that it results in a significant loss of 

weight and, in many cases, volume, which is an 

advantage from the point of view of handling, 

storage and transport. 

 

Dehydration or drying of food is one of 

the most commonly used unit operations in food 

preservation. It was already used in prehistoric 

times by our ancestors, as it allowed them to 

obtain food products with a longer shelf life.  

 

Over time, the demand for food has 

grown with the increase in population, and this 

growing need has led to the drying preservation 

industry becoming increasingly important in the 

food sector. The development of the drying 

industry has been linked to the demand for food 

to meet the needs of soldiers in wars throughout 

the world. Dehydration is particularly useful for 

military purposes, as it reduces the weight and 

size of food. Advances made in the military field 

have been transferred to the drying industry in 

general, leading to greater and better progress in 

the food drying industry.  

 

Drying is one of the most widely used 

commercial processes in the preservation of 

agricultural products, without them losing their 

organoleptic and nutritional properties. The 

process of drying food consists of removing part 

of its free water until it reaches a level where it 

can be consumed and/or stored at room 

temperature. 

 

Methodology 

 

The methodology used for this research was 

carried out in eight phases: selection of raw 

material, cutting, osmotic pretreatment, 

adjustment of samples according to slice size, 

drying on trays, measurement of samples, 

packaging, and storage. Each of the phases is 

shown and described below. The selection of 

raw materials is a fundamental part of the study.  

 

As a first step in obtaining quality control 

of the process, it is important to carry out a 

physical characterisation, which consists of 

evaluating the dimensions and colour of the fruit 

to determine its ripeness. According to the 

quince [Cydonia oblonga], it is bright golden 

yellow when ripe, pear-shaped, 7 to 12 cm long 

and 6 to 9 cm wide; its flesh is hard and very 

aromatic.  

 

Unripe fruits are green, with dense light 

grey hairs, which are lost before ripening. The 

fruit is harvested in optimal conditions at 75% 

ripeness, using a penetrometer, which is a 

relatively inexpensive and small tool that allows 

for easy measurements in the field. For the 

product to have a good presentation, it is 

necessary to select fruit of a standard size, 

approximately 9 cm long. 

 

Cut. - The selected quinces were washed, 

cut and seeded using a food-grade stainless steel 

knife and a plastic cutting board to avoid cross-

contamination. The fruit was cut into slices of 

different sizes using a vernier, which is an 

instrument for measuring lengths that allows 

readings in millimetres. 

 

· Sample 1= Slice size 0.3 mm 

· Sample 2 = Slice size 0.4 mm 

· Sample 3 = Slice size 0.5 mm 

 

Osmotic pretreatment: This consists of 

immersing the slices in a 1% [W/V] citric acid 

solution for 15 minutes in a food-grade stainless 

steel bowl to prevent enzymatic browning of the 

fruit, in accordance with Mexican Official 

Standard NOM-218-SSA1-2011, Products and 

services. Non-alcoholic flavoured beverages, 

their frozen products, concentrated products for 

their preparation, and beverages with added 

caffeine. Specifications and health provisions. 

Test methods. 

 

Sample preparation: Each of the samples 

of different sizes were placed on trays to be 

subjected to the tray dryer at the following 

temperatures: 40°C, 50°C, 60°C and 70°C. Tray 

drying. A tray dryer was used, in which the 0.3 

mm, 0.4 mm and 0.5 mm quince slices were 

dehydrated by hot air at temperatures of 40°C, 

50°C, 60°C and 70°C. To carry out the drying 

process, once the operating temperature had 

been reached, the quince slices were introduced. 

During the drying process, samples were taken 

every 60 minutes until the end of each run. 

 

https://doi.org/10.35429/JCPE.2025.12.31.3.1.4


3 

Journal of Chemical and Physical Energy                                                   12[31]1-4: e31231104 

Article 
 

 ISSN: 2410-3934. 
RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Rendon-Sandoval, Leticia, Gutiérrez-Peña, Esteban, Vallejo-Sartorius, Irma 

and Llanillo-Navales, Jesús Gerardo. [2025].  Design of a drying process for 
quince [Cydonia oblonga] in a tray dryer, through the analysis of 

physicochemical parameters. Journal of Chemical and Physical Energy. 

12[31]1-4: e31231104 

https://doi.org/10.35429/JCPE.2025.12.31.3.1.4 

Measurement of samples: The samples 

were measured every 60 minutes by weighing 

them to determine the drying rate and the 

percentage of moisture loss until the final 

product was obtained.  

 

Table 1 below shows the measurements 

of the samples with the final weights over a 

period of 420 minutes, as well as the final 

percentage of moisture or mass transfer for each 

of the samples in their different thicknesses. 

Figure 1 shows a comparison of the percentage 

of moisture over the same period of time and 

shows the trend for each of the three samples, 

highlighting that the thinner the sample, the 

shorter the drying time because there is greater 

moisture loss. 

 

Box 1 

Table 1 

Table of sample measurement results 

 

 
 

The transport of water from the solid or 

liquid phase to the gas phase constitutes a 

phenomenon of mass transfer, and since there is 

a phase change of the transferred compound 

[water] and sometimes also significant thermal 

gradients, a significant phenomenon of heat 

transfer occurs simultaneously. 

 

 The main characteristic, as far as 

transport phenomena are concerned, will 

therefore be that the properties being transported 

[heat and matter] will do so under steady-state 

conditions in the gas, but under unsteady-state 

conditions in the case of the solid. 

 

Results 

 

In drying processes, data is usually expressed as 

the variation in the weight of the product being 

dried over time [Figure 1]. Although sometimes 

drying data can be expressed in terms of drying 

rat [Ibarz, 2008] e. 

 

 

 

 

 

Box 2 

 

 
Figure 1 

Variation in product weight during a drying 

process. [Fito, Andrés, & Barat, 2020]  

 

 

In this research, a tray dryer was used as 

it is the most appropriate for defining its 

operating conditions: drying air conditions 

[speed, temperature and relative humidity], air 

circulation in relation to food circulation [if not 

already defined by the type of dryer] and the 

possibility of recirculating the drying air. 

 

In this case, the drying speed depends 

solely and exclusively on the speed at which the 

air reaching the product is able to remove the 

water it contains. Figure 11 shows that the 

operating variables of the drying process must be 

taken into account. 

 

The optimal operating conditions for tray 

drying of quince [Cydonia oblonga] were also 

determined: a drying temperature of 70 °C, a 

drying time of 7 hours and a sample thickness of 

3 mm. 

 

The results obtained for the temperatures 

and thickness are shown below. Table 2. Drying 

kinetics at 70 °C shows the optimal operating 

conditions for tray drying of quince [Cydonia 

oblonga]: a drying temperature of 70 °C, a 

drying time of 7 hours and a sample thickness of 

3 mm. 

 

Box 3 

Table 2 

Drying kinetics at 70°C  

 

 
 

 

 

M1 M2 M3 M1 M2 M3
Grosor (m) 0.005 0.004 0.003 0.005 0.004 0.003

t (min)
40 0.0080 0.0070 0.0065 36% 35% 34%
50 0.0090 0.0072 0.0055 38% 36% 32%
60 0.0045 0.0030 0.0018 20% 17% 11%
70 0.0035 0.0025 0.0018 14% 11% 11%

Pesos % de Humedad 

Pesos finales Porcentaje Final del producto
Temperatura 

ºC

420

70
M1 M2 M3 M1 M2 M3 M1 M2 M3

Grosor (m) 0.005 0.004 0.003 0.005 0.004 0.003 0.005 0.004 0.003
t (min)

1 0 0.0250 0.022 0.017 1.000 1.000 1.000 0 0 0
2 60 0.0160 0.013 0.01 0.640 0.591 0.588 0.003744 0.00468 0.00624
3 120 0.0120 0.0095 0.007 0.480 0.432 0.412 0.007488 0.00936 0.01248
4 180 0.0090 0.008 0.0055 0.360 0.364 0.324 0.011232 0.01404 0.01872
5 240 0.0065 0.0045 0.0035 0.260 0.205 0.206 0.014976 0.01872 0.02496
6 300 0.0045 0.003 0.003 0.180 0.136 0.176 0.01872 0.0234 0.0312
7 360 0.0043 0.0029 0.002 0.172 0.132 0.118 0.022464 0.02808 0.03744
8 420 0.0035 0.0025 0.0018 0.140 0.114 0.106 0.026208 0.03276 0.04368

0.010 0.008 0.006 0.404 0.372 0.366 0.013 0.016 0.022

T emperatura ºC Velocidades del tiempo de secado

F ick (Vel =  m/s)P age = X w owo= peso en gr

%  de Humedad

X-barra=
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According to the data obtained 

throughout the drying evaluation process and by 

applying Page and Fick's mathematical models, 

graph 1 shows an interpretation of weight loss in 

percentage terms, and graph 2 shows the drying 

rate as a function of time. 

Box 4 

 Figure 2 

Drying kinetics at 70°C 

Box 5 

 Figure 3
Drying speed at 70º C 

The results shown in the graphs and 

tables indicate that the effective diffusion 

coefficient calculated using Fick's model varies 

with ambient air temperature and relative 

humidity.  

This factor is very important in 

determining the drying rate and, therefore, the 

efficiency of the process. 
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