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ABSTRACT 

The main objective of this work was to understand how 
irradiation processing influences the drying of chestnut 
fruits . Herein, based on the fruit characteristcs and 
Computational Tomography (CT) images, we proposed a 
compartment-model for the kinetic drying curves. The 
preliminary results seemed to indicate that one
compartment modelling gives good fitting results for the 
modelization of the drying curves. In this way, this model 
could be a good approach to the drying process. 

INTRODUCTION 

Food irradiation is a non-thermal processing technology 
for food preservation, to increase shelf-life , for 
disinfestation (insects e limination) or sterilization. 
Irradiation appears in chestnut fruits as a possible 
phytosanitmy treatment, to meet the international trade 
laws, without affecting significantly the nutritional value 
(Antonio e t al. 2011; Fernandes et al. 2011; Kwon et al. 
2004). In these fruits one of the main problems is water 
loss, causing loss of weight, with changes of some 
physical characteristics, like texture, affecting the incomes 
of the producers. Otherwise, the drying itself is another 
food industry process available to obtain other sub
products, like flour for cooking and for bakery products. 
In this way, understanding how irradiation processing 
influences the drying of this fruit is an important goal. 
Herein, based on the fruit characteristcs and 
Computational Tomography (CT) images, we proposed an 
alternative approach, compartment-modelling for the 
drying kinetics. This kind of modelization is used in 
different areas, namely in pharmacokinetics for modeling 
drugs administration in the human body (Sanchez 2007). 
This modelization consists in dividing the human body, 
seen here as the sample, in compa1tments that interact 
between each other transfering matter, in this case water. 
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Herein, we had considered the initial concentration of 
water in the fruit similar as one intake of a drug. 

MATERJALS AND METHODS 

Samples 
Chestnuts samples (Castanea saliva Mill., Judia variety) 
were obtained directly from a local producer of Tr:is-os
Montes, in the northeast of Portugal. They were divided in 
four groups to be exposed to different radiation doses (0, 
I, 3 and 6 kGy) with 27 units per group (about 0.5 kg) 
placed into polyethylene bags, being 0 kGy the non
ilTadiated samples (control). 

Irradiations 

The irradiation of the samples were performed in a Co-60 
experimental chamber with four sources, with a total 
activity of 267 TBq (6.35 kCi) in November 2011 . The 
dose rate for the positions of irradiation was esti mated 
using an ionizat ion chamber dosimeter (model FC60-P, 
from IBA dosimetry company). During the irradiation 
processing 4 routine dosimeters were used for each group, 
in the corners of the sample bag (Amber Perspex 
dosimeters, from 1-larwell company, U.K.). The samples 
were rotated up side down ( 180°) at half of the time, to 
increase the dose uniformity. The dosimeters were read in 
a UV-VIS Spectrophotomer (model Specord 200, from 
Analytik Jcna) at 603 nm, two readings for each, to 

estimate the dose according to a previous calibration 
curve. 

Drying process 

In order to determine the moisture contents of chestnuts 
subjected to different irradiation doses, three chestnuts 
from each group were triturated and dried in an oven at 
I 05 °C till constant mass. Another group of samples (four 
for each dose) were dried in an air forced oven at 50 oc 
measuring the fruits mass along time, till 29 h (Fig. I). 
The water content per dry matter (W) is 

W == (mass of water) I (mass of dry matter) ( I) 
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Fig. l: Chestnut samples used in the present work. 

Modclization 

To model the d1ying of the fruits , a one-compartment 
model was used (Fig. 2), that interacts with the exterior 
transfcring matter, in this case water. The initial water 
content in the fruit, b0, was considered similar as one 
intake of a "drug" and its behaviour along the time (drying 
process), corresponded to the water loss by the fruit. The 
equation that describes this model is 

dq 1 (t) I dt =- k 10 ql (t) (2) 

The k 10 , elimination constant, is the transferring 
coefficient ti·om the compartment I (fruit) to compartment 
0 (outside). 

bo 

' )1-------. .. \ _____ / 

Fig. 2: One-compm1ment mode l. 

The solution of this equation, used for fitting the dry ing 
process is: 

(3) 

For detennining the elimination constant, k 10, for each 
group of samples the Mathematica software was used, 
version 8 (from Wolfram company). 

Computed tomography (CT) images 
CT images of the fruit were taken in a Philips machine 
(model Brilliance CT Big Bore, from the Philips 
company), at 120 k V, 50 mA and 2.1 seconds of 
exposition. 

RESULTS AND DISCUSSION 

The estimated closes, a fter photometric reading of the 
closimeters, were 1.0 ± 0.1 , 3.2 ± 0 .7, 6.3 ± 0.9 kGy. 
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For simplicity, from now on, in the graphs we considered 
the values I , 3 and 6 kGy. 
The close rate was 2. 5 ± 0 .1 kGy h- 1 and the average dose 
unifmmity ratio (DmaJDm;11) was 1.4 ± 0.3 . 
As could be seen from the CT images the fmi t had some 
inhomogeneities, inner and outer skins, and some inside 
heterogeneity (Fig. 3 ). 

Fig. 3: Computed tomography image of chestnut fruits. 

Good fits w ith the one-compartment model were obtained, 
with R squared values higher than 0.996 (Fig.4). 
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Fig. 4: Drying experimental data and fitt ing curves for 
one-compartment mode l. 

The drying curves for the different doses followed a 
similar bchavior, inc luding contro l (non-irradia ted 
samples). 

CONCLUSIONS 

The drying curves for the irradiated samples were simi lar 
to the non-irradiated chestnuts, up to 6 kGy. The results 
a lso indicated that one-compartment modelling gave a 
good description of drying process. In the near future we 
intend to compare these resu lts w ith those obtained in a 
multi -compartment model, in orde r to take into account 
the inhomogenei ties of this fruit. 
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