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a b s t r a c t

The thermally stimulated depolarization current technique, TSDC, has been used to study
the dielectric relaxations in cassava starch on semi-crystalline and amorphous samples.
The A-type structure was observed by WAXS experiments and the variation of the crystal-
linity as a function of the moisture content, h, was followed on native starch. Retrograda-
tion of the amorphous sample occurred at room temperature after 4 weeks in a closed
vessel with a water activity 97.3%. In these conditions the humidity content reached a
value of 28.5 wt% dry base and the crystallinity degree was comparable to that of the native
starch. Three secondary relaxation modes were detected and attributed to short range ori-
entations of polar groups and to main chain restricted motion. The influence of the mois-
ture plasticization effect on the relaxation parameters of the local modes, was determined
by decomposing the global TSDC curve in elementary Debye peaks with Arrhenius relaxa-
tion times. The main relaxation, a, which is proposed to be the dielectric manifestation of
the dynamic glass transition, sweeps a wide temperature interval around room tempera-
ture as the sample dries, shifting to higher temperatures as a result of the plasticization
of the polysaccharide by water molecules. The a peak deconvolution lead to the 2D relax-
ation time distribution and Vogel–Tammann–Fulcher parameters were obtained confirm-
ing the cooperative character of this mode. The transformed sample showed a bimodal
distribution of segmental relaxation times that is interpreted as the existence of a hetero-
geneous amorphous phase: the mobile one which is similar to the original disordered
phase present in semi-crystalline native starch and a more restricted one originated by
the disruption of the crystalline lamellae during the pre-gelatinization process.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The characterization of biodegradable materials is
necessary to understand their chain dynamics which
would affect their applicability in various industries. Starch
is extensively used in food applications (thickening agent),
in textiles (dye and sizing agent), in the paper and the
chemistry industry (source of ethanol, excipients, activated
carbon) and in oil wells as a component of drilling muds.
Cassava (Manihot esculenta Crantz) is a root grown in

Africa, Latin America and Asia where it is an important part
of the food intake due to its high carbohydrate content
which is 60 and 27% higher than in rice and corn, respec-
tively. In its native form, starch appears as semi-crystalline
granules whose size and shape depends on their biological
origin with a crystallinity degree which can vary from 20%
to 45% [1]. The existence of blocklets formed by the crystal-
line and amorphous lamellae, which would be an interme-
diate between the macromolecules and the organization of
the larger granule, has been proposed recently [2]. Three
forms of crystalline structure have been determined, i.e.,
A, B and C. With some exceptions, A is most common in
cereals, B in tubers and C in roots and seeds. C has been
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often considered as a mixture of A and B structures. Two
polysaccharides, linear amylose and highly branched amy-
lopectin, are the main constituents of starch. Both are
based on 1 ? 4 linked a-D-Glucopyranosyl units, with var-
ious dipolar segments, which makes this material adequate
for determining the molecular mobilities at different
ranges by dielectric techniques. The variation of the glass
transition temperature, Tg, in the presence of water (mois-
ture concentration in weight %, h, calculated in wet or dry
base), has been determined by differential scanning calo-
rimetry, DSC. The Tg variation as the granular starch sam-
ple is dried from h = 22% to 13% is +65 K for wheat, [3]
and +95 K on going from h = 27% to 10% for potato starch
[4]. Chang et al. [5] reported a plasticizing-antiplasticizing
effect of moisture in native tapioca starch evidenced by a
Tg, that exhibited a variation in value of �145 K for a
humidity weight concentration variation from 5% to 26%
(plasticization) and the observation of a maximum in ten-
sile strength, strain at break and toughness of films
(antiplasticization).

Many of the possible applications are hindered by the
drastic changes induced by the plasticization effect of
moisture on the mechanical and dielectric properties. The
molecular mobilities are strongly affected by the amount
of absorbed water which exists in different forms in the
amorphous and in the crystalline regions. Dynamic
mechanical studies, DMA, have been frequently used on
transformed starch [6] and other polysaccharides such as
dextran, pullulan [7] and cellulose [8,9]. They show the
existence at low temperatures of broad relaxations attrib-
uted to small entities local motions and at intermediate
temperature of a strong water-induced relaxation; no glass
transition was observed [7] in pullulan or amylose. Mizuno
et al. [6] found by DMA a wide and weak band in the
mechanical loss tangent as a function of temperature,
which they attributed to the glass transition despite the
behavior of the frequency of the band maximum as a func-
tion of 1/T, which showed an Arrhenius dependence, typi-
cal of localized mobilities.

Broad-band dielectric spectroscopy (BBDS) [10–12], has
also been widely used to study the molecular dynamics of
starch, while only few works using thermally stimulated
depolarization currents [13], TSDC, are available. The
dielectric spectrum is a complicated one because of the
presence of high intensity peaks due to water–polymer
complexes whose positions and intensity depend strongly
on the moisture content of the sample. Butler and Cameron
[10] studied different kinds of solid native starches in a
broad frequency and temperature range, with different
moisture amounts (5% < h < 28%). They showed that the
observed modes are controlled by bound water. At high
temperatures, their a mode is related to the gelatinization
process of starch in the presence of moisture. Around room
temperature a mode, labeled b, is observed whose position
is highly correlated with h and is attributed to be the seg-
mental mobility of the amylose and amylopectin mole-
cules, i.e., the dielectric manifestation of the glass-rubber
transition of starch. At lower temperatures, c secondary
relaxations are detected which are also affected by the
presence of water molecules and attributed to short range
motions of the main chain and to rotations of the lateral

methylol groups. Other previous works by BBDS have
reported dielectric data, e0 0(x, T), on a variety of polysac-
charides [14], such as starch, viscose, dextran and cellulose
[15], where at least five relaxations are identified. The so-
called b mode, which occurs well below room temperature,
is attributed to a segmental motion and a bwet-relaxation,
at higher temperature than the b mode, appears in samples
with low moisture contents [15]. The relaxation plots on a
variety of polysaccharides resulted in either Arrhenius
dependences of the average relaxation times, s(1/T), for
all the modes identified, or in a not well defined trend.

The objective of this work is to study by TSDC technique,
samples of semi-crystalline native and amorphous trans-
formed cassava starch with different moisture contents so
as to contribute to the identification of the origin of the dif-
ferent modes and to try to find in the complicated dielectric
spectrum, well resolved by TSDC, the elusive dielectric man-
ifestation of the glass transition temperature.

2. Experimental

2.1. Materials

Cassava starch granular powder is a commercial prod-
uct used without additional purification. It was obtained
from Agroindustria Mandioca CA (Monagas, Venezuela).
The amylose to amylopectin abundance ratio is 30/70.
For the WAXS experiments on native cassava starch, the
powder was equilibrated for 3 weeks in closed vessels over
saturated atmospheres of different salt solutions with
decreasing water activities (K2SO4, KNO3, KCl, NaCl, SrCl2,
K2CO3, MgCl2, LiCl) [16]. Sorption curves of water in cas-
sava were obtained and the total humidity content in the
cassava sample for these water activities, at different tem-
peratures, could be calculated [17]. The samples for the
TSDC tests were disks of 20 mm in diameter and less than
1 mm thick obtained with the following procedure: the
native powder was equilibrated for 1 month over saturated
(NH4)2SO4 atmosphere at 25 �C (water activity 0.806) and
then the powder was compression molded into disks at
50 �C, and 3500 psi for 8 min. The temperature was
decreased to 30 �C in 9 min with the sample kept under
pressure. The disks were extremely fragile and once in
the measuring cell they could not be handled further.
During the drying process they became brittle and often
broke between the measuring electrodes.

The transformed samples were made by mixing the
granular starch with water to reach a concentration of
25%. The dispersion was thoroughly mixed before com-
pression molding in a hydraulic press at 140 �C and
3700 psi for 20 min and cooled under pressure to 30 �C in
5 min. Pressure was released after 3 min. Transparent disks
(20 mm in diameter and about 0.5 mm thick) were
obtained. The state of the samples after treating the native
starch with this procedure was checked by Differential
Scanning Calorimetric experiments in excess water.[17]
The absence of any residual gelatinization endotherm
guaranteed that the samples had been completely trans-
formed to the amorphous state during the compression
molding procedure.
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