CARBOHYDRATES

Influence of Annealing on the Pasting Properties
of Starches from Varying Botanical Sources
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ABSTRACT

Pea, potato, wheat, and rice starches were annealed for 24 hr. Differ-
ential scanning calorimetry data were collected; pasting characteristics
were determined using the Brabender Viscoamylograph and the Newport
Scientific Rapid Visco-Analyser (RVA); and amylose leaching during
heating in the viscoamylograph was examined. Differential scanning
calorimetry data showed an increased gelatinization temperature and
enthalpy, and a narrower gelatinization temperature range for all
starches. Viscoamylograph viscosity curves showed that annealing
resulted in an increased peak viscosity (except for potato starch), and an
increased viscosity upon cooling. The amount of amylose leached from
the granules was not linked to viscosity changes. Less amylose was
leached from the granules of annealed pea and potato starches. The
amount of solubilized amylose was practically unchanged (slightly
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decreased) after the annealing treatment for rice starch, whereas
annealed wheat starch showed a slightly increased leaching of amylose.
Except for pea starch, RVA results were comparable to the results from
the viscoamylograph. In a dimethyl sulfoxide (DMSO) and water mix-
ture (92.5:7.5, w/w), viscosity changes were not consistent for all annealed
starches. For annealed pea, wheat, and rice starches, the onset of solu-
bilization occurred at lower temperatures. The increased peak viscosity
was attributed to a higher rigidity and resistance to shear of the starch
granules. For annealed potato starch, the viscosity was decreased. A
higher rigidity and increased resistance to heat and shear of the starch
granules are probably the main causes of the viscosity changes due to
annealing, both in water and in a DMSO-water mixture.

Annealing of granular starches involves incubation in excess
water, for a certain period of time, at a temperature above the glass
transition temperature but below the gelatinization temperature.

The first observations of the effects of annealing on starch were
probably reported by Gough and Pybus (1971), although those
authors did not use the term. Using Kofler hot-stage microscopy,
they observed both an increase of the gelatinization temperature
and a decrease of the gelatinization temperature range as a result
of annealing. Their findings were confirmed later by differential
scanning calorimetry (DSC) experiments (Yost and Hoseney
1986; Krueger et al 1987a,b; Miinzing 1989; Knutson 1990;
Tester and Morrison 1990; Larsson and Eliasson 1991; Lopez and
Lopez 1991; Stute 1992) and by small angle light scattering
(Marchant and Blanshard 1978, 1980). In addition to increased gela-
tinization temperatures and decreased gelatinization temperature
ranges, increased gelatinization enthalpies were noted as well.
However, Yost and Hoseney (1986), Larsson and Eliasson (1991),
and Stute (1992) observed no change of the gelatinization
enthalpy after annealing. Possible explanations for the phenom-
ena include crystallite growth or perfection (Yost and Hoseney
1986; Tester and Morrison 1990; Larsson and Eliasson 1991;
Lopez and Lopez 1991), a partial melting of the crystallites followed
by a realignment of the polymer chains (Marchant and Blanshard
1978, 1980), development of crystallinity in the amorphous regions
of the granule (Krueger et al 1987a,b; Miinzing 1989), interactions
between amylose and amylopectin (Knutson 1990), or alterations
of the coupling forces between crystallites and the amorphous
matrix (Stute 1992) as a result of the annealing process.

So far, not much work has been reported with regard to the
pasting properties of annealed starches. The pasting properties of
annealed potato starch were investigated by Stute (1992) and
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Hoover and Vasanthan (1994). Hoover and Vasanthan (1994) also
reported the pasting behavior of annealed wheat, lentil, and oat
starches, while Schierbaum and Kettlitz (1994) did so for annealed
rye starch. It is clear from the literature that for all the starches
investigated, annealing affects the pasting properties in some way,
but the observed effects differ depending on the source of the
starch.

The purpose of our work was to perform further investigations
concerning the influence of annealing on the pasting properties of
starches from varying botanical sources. The examined starches
included wheat and rice starch (A-type), potato starch (B-type),
and pea starch (C-type). Maize starch (A-type) was not included
in the experiments. Krueger et al (1987a) reported that commer-
cial maize starch is already annealed during the isolation process
because wet milling includes a lengthy steeping step at tempera-
tures above 45°C. Viscosity development was measured with a
Brabender Viscoamylograph as well as a Newport Scientific
Rapid Visco-Analyser (RVA). Amylose leaching experiments
were performed in an attempt to relate the annealing viscosity
changes to the amount of amylose leached from the granules
during the heating cycle in the Brabender Viscoamylograph. Also
studied was the viscosity development of the native and annealed
starches in a dimethyl sulfoxide (DMSO) and water mixture
(Cooreman et al, in press).

MATERIALS AND METHODS

Pea starch (Nastar), rice starch, and potato starch (Meridal G)
were obtained from Cosucra (Momalle, Belgium), Remy
(Wijgmaal, Belgium) and Amylum (Aalst, Belgium), respectively.
Wheat starch (Meriwit AA) was obtained from Amylum as well.
Pure potato amylose (A0512) was obtained from Sigma Chemical
Co. (St. Louis, MO). DMSO (highest purity grade) was obtained
from UCB (Gent, Belgium).

Annealing Procedure

A starch suspension (1:2, w/w) was heated for 24 hr in a sealed
container in a water bath at a constant temperature. The annealing
temperatures were chosen as a function of the gelatinization tem-
peratures of the native starches (Table I), i.e., 3-4% below the



gelatinization peak temperatures (in °K) as determined by DSC.
The annealing temperature was 50°C for potato and pea starch,
45°C for wheat starch, and 55°C for rice starch. After a 24-hr
incubation period, the starch suspension was Buchner-filtered and
the residue was dried overnight (room temperature, air stream).

DSC

DSC experiments were performed using a Seiko DSC-120
(Kawasaki Kanagawa, Japan). Indium and tin were used as stan-
dards. Approximately 5 mg of starch were accurately weighed in
an aluminum sample pan. Water was added to obtain a ratio of
1:2 (w/w). The sample pan was hermetically sealed and then
heated from 5 to 150°C at a rate of 4°C/min. An empty pan was
used as reference. The transition temperatures reported are for
onset (T,), peak (T,), and completion (T). The enthalpy (AH) of
gelatinization was determined by integration of the endotherm.
Each sample was analyzed in triplicate. The pooled standard devia-
tions were 0.2°C for T,, 0.1°C for T}, 0.4°C for T, and 0.9 mJ/mg
for AH.

Viscosity Curves

Viscoamylography was performed using a viscoamylograph
(Visco-amylograph, Brabender, Duisburg, Germany) equipped
with a 700 cm-g cartridge. The temperature-time conditions for
starch suspensions (6.6%, w/w; 500 g total weight) were: a
heating step from 35 to 95°C at a heating rate of 1.5°C/min; a
holding phase at 95°C for 20 min; a cooling step from 95 to 35°C
at 1.5°C/min; and a holding phase at 35°C for 20 min. To
investigate the repeatability of the method, a control rice starch
was analyzed six times at the same concentration (6.6%). The
standard deviation for the peak viscosity was 3 BU (the difference
between the maximum and minimum value was 7 BU). The
standard deviation for the end viscosity was 9 BU (with a
difference between the maximum and minimum value of 25 BU).

Rapid viscosity analysis was performed using a Rapid Visco-
Analyser (RVA) (Newport Scientific, Sydney, Australia). The
temperature-time conditions for starch suspensions (6.6%, w/w;
25 g total weight) were: a heating step from 50 to 95°C at
6.43°C/min (after an equilibration time of 1 min at 50°C); a
holding phase at 95°C for 8 min; a cooling step from 95 to 50°C
at 6.43°C/min; and a holding phase at 50°C for 17 min. As with
the viscoamylograph method, the repeatability of the RVA
method was investigated by analyzing a control rice starch six
times at the same concentration (6.6%). The standard deviations
of the peak viscosity and the end viscosity were both 1 rapid
visco unit (RVU) (the difference between the maximum and
minimum value was 2 RVU).

Viscosity profiles of starch (6.6% dry matter) in a DMSO-water

TABLEI
Thermal Characteristics of Native and Annealed Starches: Onset (T,),
Peak (T,), and Completion (T,) Temperatures (°C), Gelatinization
Enthalpy (AH)?, and Gelatinization Range (T, - T,)

Starch T, T, T,® T, AH® T.-T,
Potato

Native 586 63.0 1722 19.2 13.6

Annealed 64.8 67.7 73.0 19.9 8.2
Pea

Native 53.5 59.8 66.9 9.7 134

Annealed 652 675 71.0 12.2 5.8
Wheat

Native 51.5 56.2 61.6 10.6 10.1

Annealed 59.7 61.7 . 64.9 11.0 52
Rice

Native 59.7 678 753 82.6 13.0 229

Annealed 66.2  70.0 812 142 15.0
2 AH in mJ/mg of starch.

b Peak temperature of second rice starch endotherm.

mixture (92.5:7.5, w/w) were recorded as described by Cooreman
et al (in press). The temperature-time conditions included a heat-
ing step from 25 to 75°C at 5°C/min and a holding phase at 75°C
for 30 min. In contrast with the temperature-time conditions used
for the suspensions in water, the cooling step was eliminated.
Again, the repeatability of the RVA DMSO-water method was
investigated by analyzing a control rice starch five times at the
same concentration (6.6%). The standard deviations were S RVU
for the peak viscosity (with a difference between the maximum
and minimum value of 14 RVU) and 4 RVU for the end viscosity
(with a difference of 8 RVU between the maximum and minimum
value).

Amylose Leaching

Starch suspensions (0.66% [w/w] for rice, pea, and wheat
starch or 0.33% [w/w] for potato starch) were heated in the
Brabender Visco-amylograph. Suspensions were isolated after
different time intervals and immediately centrifuged at 1,500 X g
for 10 min. Both the total carbohydrate (phenol-sulfuric acid
method, Dubois et al 1956) and the amylose content (blue value
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Fig. 1. Differential scanning calorimetry patterns of native (—) and
annealed (----) starches.
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