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Rheological Properties of Wheat Amylopectin®

Masakuni Tar0*, Tkuko SHIROMA and Shuntoku UECHI

Department of Bioscience and Biotechnlogy, Faculty of Agriculture,
University of the Ryukyus

Abstract: The non-Newtonian behavior and dynamic viscoelasticity of wheat (Rosella) amylopectin in

aqueous solution were investigated. The flow curves, at 25°C, of Rosella amylopectin showed shear-

thinning behavior at various concentrations (3.0, 5.0 and 7.0%).

The storage modulus of Rosella

amylopectin showed a little high values and decreased gradually during increase in temperature even

at 7.0% solution. The tan 6 showed a value of 2.0 at 7.0% even at low temperature (0°C) and increased

a little with increase in temperature. The storage modulus of Rosella amylopectin (7.0%) increased a

little upon addition of urea (4.0 M) and decreased gradually with increase in temperature. The stor-

age modulus was a little higher in 0.05 M NaOH solution (7.0%) than in aqueous solution. The results

obtained suggested that the wheat (Rosella) amylopectin molecules might be involved in little secon-

dary association in aqueous solution.

Key words: wheat amylopectin, shear-thinning behavior, little secondary association

Introduction

Amylopectin is a highly branched polysaccharide
consisting of linear (1—4)- a -D-glucose chains linked
through a -(1—6) branched points on every 18-25 residues.’-*’
Several models have been proposed for its molecular
structure, the cluster models presented by Nikuni,®
French® and Hizukuri® appearing to be accepted as its
most probable. .

We have proposed the molecular origin for ther-
mostability of the viscosity and dynamic viscoelasticity
of rice amylopectin (Kogane,® Reimei, Takanari” and
Koshihikari®) in aqueous solutions. The thermal stabil-
ity of rice amylopectin molecules might be attributed to
intramolecular hydrogen bonding between a OH-6 and an
adjacent hemiacetal oxygen atom of D-glucosyl residues.
An intramolecular association might also take place be-
tween a OH-6 and an adjacent H-1 of D-glucosyl residues
with van der Waals forces of attraction. The intramolecular
associations (hydrogen bonding and van der Waals
forces of attraction) of rice amylopectin molecules
seemed to be involved in inner long chains (B,s and
super long chains) in part. Particularly, Koshihikari
amylopectin molecules might adopt more expanded con-
formation than those of the other rice (Kogane, Reimei
and Takanari) amylopectins in aqueous solution® which

might be attributed by intramolecular associations.

However, as reported previously,” potato amylopectin
(Jaga Kids Red) molecules might adopt a random con-
formation where phosphate groups located at C-6 (613
ppm) of B-chains, which carry the A or other B-chains,
might prevent intramolecular associations in aqueous so-
lution.

We have also reported that a wheat (Halberd)
amylopectin molecules were involved in little secondary
association in aqueous solution which might be due to dif-
ferent molecular structure with that of rice amylopectin
molecule.””

In the present paper, we report on the flow behavior
(Rosella)

amylopectin, and its rheological properties are analyzed

and dynamic viscoelasticity of a wheat

with respect to its association characteristics in agueous
solution in comparison with those in rice and Halberd

wheat amylopectin.**?

Materials and Methods

1. Materials.

The wheat (Rosella) amylopectin used in the experi-
ments was provided by Susumu Hizukuri of Kagoshima
University, Japan and the same as reported by Shibanuma.™
The Rosella amylopectin had number-average chain length

*Presented at the Joint Meeting of the Branch of 252nd Nishinippon, 421st Kansai and 1lst Chyugoku-Shikoku, the Society for

Bioscience, Biotechnology, and Agrochemistry, Okayama, October 12-13, 2001.
*Correspndong author. (Tel; +81-98-8814: Fax, +81-98-8814, E-mail: tako @agr.u-ryukyu.ac.jp).
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(CLn) and the hydrolysis limit with 8 -amylase was 19.2
+1.7 and 57 +4.3 %, respectively. The CLn of the
amylopectin (Rosella) was a little longer than that of rice
amylopectins (18.0-19.0), which were used in our previous
papers,*® but almost agreed as that of Halberd wheat
amylopectin." The iodine affinity of the Rosella amylopectin
(0.40 £ 0.005) was higher exclusively than that of rice
amylopectins (0.071-0.075)" and potato amylopectin (0.08),*
but had almost -same value with that of Halberd
amylopectin. The A max (nm) and phosphorus content
(ppm) was 537%1.7 and 4.0, respectively. The average
degree of polymerization (DPn) was estimated to be
18,000+ 2,200 which was also in agreement with that of
Halberd amylopectin.”

Aqueous solutions were obtained by heating mixtures of
wheat (Rosella) amylopectin in distilled water at 100°C
for 30 min.

2. Methods.

Viscosity at various shear rates (1.19-95.03 s™*) and
dynamic viscoelasticity at a fixed frequency (3.77 rad -
s™') were determined with a rheogoniometer (Iwamoto
Seisakusho Co., Ltd, Japan) consisting of a coaxial cylin-
der (1.8cm diam.) with a rotating outer cylinder (2.2cm
diam.). The temperature of the sample was controlled by
circulating oil from a thermo-cool instrument (LCH-130F,
Toyo Co., Ltd., Japan), over the temperature range of 0-
70 C and raised at a stepwise rate of 1 C min®. Shear rate
(7), shear stress (z), and apparent viscosity () were cal-

14)

culated with the equation of Margules.” Dynamic viscos-

ity (n°) and storage modulus (G’) were calculated by

modification of Markovitz's equation.”

The loss tangent
(tan 6) was calculated from the relationship, tan 6 =G”/
G’, where G”= wn’ is the loss modulus, and w is the angu-

lar velocity of the outer cylinder.

Results and Discussion

1. Characteristics of wheat amylopectin.

The chain length distribution pattern' of Rosella
amylopectin was largely trimodal with peaks at dp. 11, 18
and 40, but shoulders were observed at these peaks.
Furthermore, small amounts of super long chains (LC)
and a long chain (B;) component were present. The short-
est chain fraction (A+B;) was predominant (78.0 mol%)
the total value of which, however, is smaller than that of

16)

rice amylopectin (Akihikari, 89.7 mol%).

2. Flow characteristic.
The flow curves, at 25 C, of Rosella wheat

amylopectin at various concentrations (3.0, 5.0 and 7.0%)

5515  (2004)

150

100

T (PaxX10)

50

v (s°D)

Fig. 1. Flow curves, at 25 C, of Rosella amylopectin at
various concentrations.

Concentration: O 3.0%; @, 5.0%; @, 7.0%.

are shown in Fig. 1. The flow curves approximated that of
shear-thinning behavior which was in agreement with
that of Halberd amylopectin solution.” As reported in the
preceding papers,*® rice amylopectin solutions showed
plastic behavior where yield values were estimated at vari-
ous concentrations (2.0, 4.0 and 6.0%) . The result suggests
that Rosella wheat amylopectin molecules are involved in
less secondary association (intra- or intermolecular) because

yield values were not observed at all concentrations.**"”

3. Viscosity

The viscosity of Rosella amylopectin at 7.0% decreased
gradually with increase in the temperature at a shear rate
of 9.5 s (not shown in figure). As reported in our preceding
papers,”® a slight increase in the viscosity with increasing
temperature was observed up to 20C, then decreased a little
even at high temperature range (70~807C) in rice amylopectins,
but almost the same phenomenon, decreasing viscosity,
was observed in Halberd wheat amylopectin solution.'”

4. Dynamic viscoelasticity.

Effect of temperature on storage modulus of the
Rosella amylopectin at angular velocity of 3.77 rad « s at
various concentrations are shown in Fig. 2. The storage
modulus increased proportionally with an increase in
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Fig. 2. Effect of temperature on storage modulus of
Rosella amylopectin at various concentrations and 3.77 r
ad - 8. Concentration: O, 3.0%; ®, 5.0%; @, 7.0%

—, storage modulus; >+ , tan 6.

concentration from 3.0 to 7.0%. The storage modulus,
however, was only 1.0 Pa even at low (0C) temperature
and at a concentration of 7.0%, the value of which was a
little lower than that of Halberd amylopectin solution.”
The storage modulus decreased gradually with increase in
temperature, the phenomenon of which was in agreement
with that of Halberd amylopectin solution. However, as
reported in our preceding papers,*® the storage modulus
showed very high value (10~12 Pa) and stayed at a constant
value with increase in the temperature in rice amylopectin
solutions. The dynamic viscosity also increased with an
increase in concentration and decreased gradually with
increase in temperature (not shown in figure). On the
other hand, tan & showed a value of 2.0 at 7.0% at low
temperature (0°C), the value of which was higher than
that of rice amylopectins (0.2~0.4), but almost the same
with that of Halberd amylopectin solution (1.8). The tan
0 of Rosella amylopectin increased a little with increase in
temperature. The result indicates that little secondary
assoclations are involved in Rosella amylopectin molecules
even at low temperature (0°C) in a solution of 7.0%. The
result also indicates that Rosella amylopectin is more
viscous than elastic in aqueous solution.

A little increase in the storage modulus of Rosella
amylopectin (7.0%) was observed on addition of urea (4.0

100 ¢
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0 20 40 60 80
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Fig. 3. Effect of temperature on storage modulus of
Rosella amylopectin (7.0%) after preparation in aqueous
solution (@) and after preparation with addition of urea

4.0 M) (O).
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Fig. 4. Effect of temperature on storage modulus of
Halberd amylopectin (7.0%) in alkaline solution (O; 0.05
M NaOH) after preparation in aqueous solution (@).
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M) and decreased gradually with increase in temperature,
as shown in Fig. 3. However, the tan § showed almost the
same value (2.1) even at low temperature (0°C) in comparison
with that in aqueous solution (2.0). The value increased
gradually with increase in temperature. Such phenomenon,
increase in the storage modulus, may be due to salting
out effect.”®

A little higher storage modulus of Rosella amylopectin
(7.0%) was observed in 0.056 M NaOH solution than that
in aqueous solution and decreased gradually with increase
in temperature (Fig. 4). On the contrary, tan & values in
0.05 M NaOH solution showed higher (2.6) than that of
aqueous solution (2.0) even at low temperature (0C) and
increased gradually with increase in the temperature. The
result suggests that there is no secondary association in
Rosella amylopectin molecules in aqueous solutions
because the tan ¢ value showed almost the same value in
alkaline solution. The increase in storage modulus may be
attributed to have expanding conformations of wheat
(Rosella) amylopectin molecules in alkaline solution.

The flow behavior and dynamic viscoelasticity of
solutions of wheat (Rosella) amylopectin were different
with those of rice (Kogane,” Reimei, Takanari” and
Koshihikari®) amylopectin, but essentially agreed with
those of potato and Halberd wheat amylopectin.” The
value of first named solution, however, decreased upon
addition of urea (4.0 M) and in alkaline solution (0.05 M
NaOH).

Conclusions

Thus, we conclude that the molecular origin for the
viscosity and dynamic viscoelasticity of Rosella wheat
amylopectin molecules seems to be attributed to an entan-
glement of molecular chains on different molecules, as in
Halberd amylopecttin molecules.'” The wheat (Rosella
and Halberd) amylopectin molecules may be involved in
compacted conformations which are caused by a large
amount of long chains > B: where about 40% of the B
chains carried no A chains.” Consequently, a structure of
wheat (Rosella and Halberd) amylopectin molecules seems to

be different from those of rice amylopectin molecules. -
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