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Abstract

1 Introduction

This thesis work aims to better know the use of the innovative
microwave treatment (physical process) for the post-harvest
disinfestation of foodstuffs, in particular of cereals. Indeed, they can be
subjected to pests’ attack (generally insects) that can cause serious
damages during storage, handling, and transport, reducing their
nutritional value. Conventional techniques, that have been applied for
disinfestation purposes, are based on the use of chemical agents, in
particular toxic fumigants, such as methyl bromide (prohibited in Italy
since 2005) or phosphine. However, their use to control insect
development can cause serious problems related to the possible
presence of toxic residues in the treated products. Alternative
techniques are based on physical treatments, exploiting the use of
modified atmosphere, inert powders or high temperatures. In the
treatment with modified atmosphere, the use of nitrogen and carbon
dioxide determines the insects’ death by dehydration and asphyxiation.
The disadvantages of this treatment are the long process times, the high
plant costs and the low treatable volumes. The inert powders usually
used are bentonite and diatomite, which are able to interact with the
membranes of the wax cuticle layer of insects, causing their death by
dehydration. However this method is good if moisture content is greater
than 14 %. Finally, if cereals are subjected to treatments with high
temperatures, some disadvantages are: the not uniform heating, thus the
possibility of external and internal damage caused by heat over long
exposure times, and the long treatment times. Microwave treatment is
proposed as an effective alternative technology to conventional
disinfestation techniques in order to avoid the use of toxic or inert
agents and/or reduce heat exposure times. Indeed, by exploiting the
interaction of electromagnetic fields with polar molecules, typical of

[XI]
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microwave technology, when a layer of cereals and pests is irradiated,
the insects are more quickly warmed up to lethal temperature due to
their larger water content, with respect to dry matrices, slightly heated
by microwaves. Thus, the great advantages over conventional
technologies are a rapid heat transfer and a volumetric and selective
heating with relevant reduced costs and sanitization times. In particular,
in this thesis the thermal behaviour of irradiated matrices has been
investigated by monitoring physical and structural properties (thermal
conductivity, thermal diffusion, specific heat, dielectric properties,
moisture content, mechanical properties, dimensional and shape
properties) of three types of cereals before and after microwave
treatment. To demonstrate the importance of correctly performing the
microwave process to keep intact the microbiological safety and the
thermosphysical properties of the irradiated cereals, two microwave
protocols are been developed and applicated: an effective microwave
treatment (EM), ensuring a temperature in cereal mass of about 50 - 80
°C for at least 20 seconds (time-temperature couple able to eliminate
insects, as observed in literature) and a more drastic, named
uncontrolled, microwave treatment (UCM), performed by prolonging
the irradiation time (a time three times greater than that of effective
treatment was chosen).

2 Experimental
2.1 Materials

The used cereal matrices in this work have been: durum wheat (Triticum
durumv. Dorato), weak wheat (Triticum aestivum v. Bologna) and corn
(Zea mays L.). These granular matrices have been stored at room
conditions (before and after irradiation treatments). For several
characterizations a milling process has been applied, followed by a
sieving step. Untreated seeds (UN) has constituted the control for all
the determinations.

2.2 Methods

A seeds layer of 4 cm in thickness of durum wheat, weak wheat and
corn was exposed to microwave irradiation in a multimodal cavity
operating at a frequency of 2.45 GHz. A power of 1000 W and an
exposure time such as to have a temperature between 50- 80°C at least
for 20 seconds were chosen as effective operative protocol parameters
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(EM). The uncontrolled treatment (UCM) was performed by setting the
same power of 1000 W but a time which is three times higher than the
time needed for the effective treatment. Thermophysical and structural
characterizations were performed on both seeds and powders from
milled seeds, before (UN) and after irradiation (both EM and UCM).
The seeds characterization consisted in moisture content determination,
dimensional analysis, germination test, swelling test (simulating the
classic pre-cooking soaking operation on matrices), internal structure
check, cooking test with the relevant penetration (seed peel hardness)
and compression tests. The powders were subjected to: dielectric
properties evaluation, moisture content determination, bulk and tapped
density  measurements, thermal  properties  determination,
thermogravimetric analysis, differential scanning calorimetry analysis
and determination of chemical anti-nutritional compounds.

3 Results and Discussion

First of all the matrices were characterized by a dielectric point of view,
observing in all cases modest dissipative capacities due to their low
moisture content in post-harvest. The measurement of penetration depth
at 2.45 GHz from dielectric data allowed to define the thickness of seeds
layer (4 cm) to be subjected to microwave treatment such as to ensure
a volumetric heating. Moreover, untreated (UN) and irradiated (both
EM and UCM) matrices lots (durum wheat — Table I -, weak wheat —
Table Il -, corn — Table Il -) were monitored during storage at room
temperature for about 18 months to evaluate the sanitization efficacy.
Pests were developed only in untreated grains, and not in treated ones
(both EM and UCM). Germination tests showed that the effective
protocol application does not alter the seed germination capacity (a
reduced germination ability was found mainly for corn - also for control
systems - due to the non-optimal thermal conditions kept during the
tests). The application of the uncontrolled protocol (UCM) for the three
types of examined matrices resulted instead in the total inhibition of
seed germination capacity. Characterization about heat transfer
properties (thermal conductivity, thermal diffusion, specific heat) run
on milled powders didn’t show any significant pre and post-irradiation
variation (both for EM systems and UCM ones). The dimensions of
seeds (length, thickness and width) and the moisture content were
affected neither by the effective (EM) nor by the uncontrolled (UCM)
microwave treatment for durum wheat. Instead, for weak wheat, UCM
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treatment led to a slight decrease in moisture content. Corn suffered a
significant decrease in moisture content as expected both after EM
treatment and UCM one. The density measurements of all examined
matrices exposed to uncontrolled treatment (UCM) gave reduced values
with respect to untreated systems and properly processed systems (EM),
demonstrating that a surplus of energy, provided by the microwaves,
causes the formation of cracks and combustion regions, which are
clearly signs of integrity rupture of the seeds. These results are
consistent with subsequent observations made with optical microscopy
methods about the internal structure of the pre and post irradiated
matrices, after a swelling process simulating the classic pre-cooking
soak operation performed on the matrices. Untreated (UN) and
efficiently treated (EM) systems showed a similar amyloid parenchyma
structure, while uncontrolled irradiated matrices (UCM) showed a
tissue alteration due to porosity creation, index of the disappearance of
starch granules. The swelling test on durum wheat showed no
differences in electrical conductivity of bulk swelling and water
absorption among the three samples UN, EM, UCM. On the contrary,
UCM weak wheat seeds underwent greater swelling with consequent
significant loss of electrolytes (monitored by electrical conductivity of
bulk swelling) compared to untreated (UN) and treated effectively (EM)
samples. UN and EM practically showed the same behaviour in
swelling and electrolyte release. During swelling test corn showed a
behaviour similar to that of weak wheat. The results from the cooking
test of all analysed matrices showed that UCM seeds were less resistant
to the combined effect of heat and water. In addition, in both untreated
and treated seeds water penetration caused variation of both width and
thickness (the length remains almost constant), demonstrating that the
swelling is radial. Penetration and compression tests further confirmed
that the UCM matrices had a structural weakness greater than untreated
(UN) and effective treated seeds (EM). The check tests about anti-
nutrition factors (total polyphenols, condensed tannins) were in line
with the data found in the literature and did not showed significant
variations after microwave treatments.
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4 Conclusions

The application of the two different microwave protocols to cereal
grains of durum wheat, weak wheat and corn causes no substantial
modification on the heat transport properties, instead compromises the
nutritional (loss of minerals), sensorial (fragile texture) and germination
(poorer amyliferous reserve) features. This demonstrates that only a
proper microwave treatment can guarantee both effective sanitation and
maintenance of the nutritional and sensory properties of cereal matrices.
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Table I. Durum wheat (Triticum durum v. Dorato):

(a) image analysis; (b) germination test; (c) internal structure

analysis.

UcM

(@)

UN EM

ucmMm

Start germination

End germination
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Table Il. Weak wheat (Triticum aestivum v. Bologna):
(a) germination test; (b) swelling test and electrolytes leaching;
(c) DSC test.
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Start germination
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Table I11. Corn (Zea mays L.):
(a) image analysis; (b) Swelling test and electrolytes leaching;
(c) internal structure analysis.
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Start germination

End germination
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