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a  b  s  t  r  a  c  t

This work  is focused  on  the  understanding  of  the  apparent  viscosity  profile  of  corn  starch,  in  terms  of  the
physicochemical  and  morphological  changes  that  take  place  during  the  thermal  profile  of  starch-water
suspension  to  its respective  gel  formation.  A mathematical  model  was  used  to  obtain  the  experimental
operating  conditions  that satisfy  the  Froude  number.  Freeze  drying  samples  are  studied  in  different  stages
along the  pasting  profile.  Changes  in the  structural  properties  of  the samples  are  studied  using  X-ray
diffraction,  and  the  morphological  changes  are  followed  using  scanning  electron  microscopy,  differential
scanning  calorimetry  was  used  to analyze  the thermal  changes  in  starch.  The  changes  in the  pasting
profile  are  associated  with  structural,  thermal,and  morphological  changes  of the system  and  the  analysis
of the  physicochemical  transformation  that occur  during  the  pasting  profile  are  explained.  The finding  in
this  work  does  not  show  evidence  of  gel  retrogradation  at the  end  of the  cooling  process.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Starch is possibly the most important carbohydrate in mod-
ern human life, with different applications in industries such as
the food, petroleum, pharmaceutical, paint, and cosmetic indus-
tries, among others. Starch is a granule or particle composed of two
macromolecules: amylose and amylopectin [1,2]. Amylose has a
linear structure of d-glucan units bonded together by �-(1,4) bonds,
in the shape of a helix which consists of six fragments of glucose
per turn [3]. On the other hand, amylopectin is a branched polymer
that is composed of linear chains with �-(1–4) bonds and �-(1–6)
bonds. Amylopectin structure consists of short chains forming dou-
ble helices.

One of the most important aspects to study in the case of starch
and its derivative products are the rheological and pasting prop-
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erties. Pasting properties are often obtained by studying a pasting
profile of a starch-water suspension, as a function of the time and
temperature. The importance of characterizing the starch past-
ing profile is that many foods containing starch are cooked with
water; this process causes great changes in the structure and mor-
phology of the starch granules [4]. These changes result in some
modified properties of the final product. Moreover, the swelling of
the starch granules during cooking begins predominantly in amor-
phous regions [5]; this property is important because it allows the
development of gel.The increase of apparent viscosity in starch-
water suspensions occurs mainly due to the exudate products
released from the starch granules forming a network [6]. There-
fore, the effects of the thermal profile and the shear rate on the
physicochemical properties of the starch-water suspension were
not studied.

Wajira and and David [7] studied the gelatinization process of
different native starches, using SEM, DSC, and X-ray diffraction
followed by the micro, thermal, and structural transformations
of starch-water suspension subjected to heating (35–85 ◦C at 5 ◦C
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Fig. 1. (A) and (B) SEM images of isolated corn starch, (C) shows the DSC thermogram and (D) the characteristic X-ray diffraction pattern.

intervals). Their results showed that the gelatinization is not only
an order-disorder transition between the amylose/amylopectin
arranged inside the starch granule, but the disordered system can
include the exudation of macromolecules. However, the pasting
profiles of different starches and their morphological and structural
changes as a function of the time during a pasting profile were not
studied.

There are usually five sample characteristics, which are obtained
with a pasting profile: peak viscosity and peak viscosity temper-
ature; the ease of cooking; the paste stability or resistance to
breakdown; setback or cold paste viscosity, and stability of the
cooked paste. Additionally, the setback value may  indicate the ret-
rogradation tendency of the starch paste by part of components
leachate [8]. However, these definitions were only phenomenologi-
cal and no evidence of the physicochemical changes or the influence
of these changes during a pasting profile, were reported. In the same
direction, Karim et al. [9] defined the setback as the rapid retrogra-
dation of leached amylose in the starch paste, but no evidence of
the recrystallization (retrogradation) of amylose was reported.

The commercial system used to study pasting profiles is based
on the principle given by the Rushton [10] equations, about the use
of an impeller to study the rheological properties of a system. The
basic viscometer impeller assumption is that the shear rate is inde-
pendent of the rheological properties of the fluid. The experimental
system can convert the torque reading into a shear stress/shear rate
relationship.

In all the works above, even in an important number of
researches related to the pasting properties of starches, it is not
clear what kind of physicochemical changes take place during the

pasting profile. There does not exist a detailed explanation of the
changes in the morphology of the starch-water system as a result
of the temperature and shear rate.

The objective of this work is to explain in detail the pasting pro-
file of corn starch-water suspensions based on the physicochemical
and morphological changes that take place during the thermal pro-
file at the constant shear rate. For these experiments, corn starch
was used. The Froude number (Fr = 1) was  used to determine the
experimental shear rate to carry out a pasting profile. Fr = 1 avoid
precipitation of the starch granules because at this point gravity
and inertia forces are equal. The morphological changes that take
place along the pasting profile were studied using SEM with frozen
samples; structural changes and thermal profiles were studied by
means of X-ray diffraction and DSC respectively, for different points
of the pasting profile.

2. Material and methods

2.1. Materials

Corn starch from Newport Scientific Pty Ltd. (part number
102102, Warriewood, Australia) was used in all experiments (see
Fig. 1(A) and (B)). This regular starch contains 66% of amylopectin
and 34% of amylose. Starch is characterized by a polyhedral
morphology and some spherical granules between 4–12 �m.  The
chemical composition of the corn starch was  the follows: the pro-
tein content was 0.67 ± 0.05%, fat content was 0.15 ± 0.02%, and
fiber was  not detected. The characteristic Tg of this starch was
70.51 ◦C (see Fig. 1(C)) the beginning of the thermal transforma-
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