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This work investigated the changes in the thermal and rheological property of two waxy maize mutant
starches (Hsyn73 wxwx and Hsyn73 duwx) after they were treated with isoamylase in the granular state
forvarious periods. The hydrolysis degrees reached in 168 h were 4.0% and 9.5% for the wxwx and the duwx,
respectively. With increasing degree of hydrolysis, both wxwx and duwx generally showed an increase in

gelatinization and retrogradation temperatures and retrogradation enthalpy. The weight average molar
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mass (My), z-averaged radius of gyration (R;), and pasting viscosity of both starches decreased when
isoamylase hydrolysis progressed, however, the wxwx showed a greater decrease in M,y and R, than the
duwx at the same hydrolysis degree. Both wxwx and duwzx, native or isoamylase-treated, displayed a
similar pasting viscosity during holding and cooling when their amylopectin molecules had a similar R;.
The study indicates the importance of R, in determining the pasting properties of waxy maize starch.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Starch is used widely in processed foods as a thickening, tex-
turizing, binding or stabilizing agent because of its swelling and
viscosity development. It is known that amylose and lipids inhibit
swelling of granular starch, whereas amylopectin contributes to
swelling (Tester & Morrison, 1990a). Jane and Chen (1992) reported
synergistic effects on paste viscosity when amyloses and amy-
lopectins were mixed, with the long branch-chain amylopectin and
the intermediate molecular size amylose producing the greatest
effect. Jane et al. (1999) further proposed that the very long branch-
chains of amylopectin were responsible for holding the integrity of
starch granules during heating and shearing and the decrease in
peak viscosity and breakdown.

Waxy (wx) and wx-containing genotypes, such as double- or
triple mutants, consist of essentially 100% of amylopectin, and
the presence of extra mutant gene(s) creates additional modifi-
cations in amylopectin structure. Waxy mutant starches serve as
good models to study amylopectin structure-function relation-
ship because of little influence from amylose and lipids. Yuan,
Thompson, and Boyer (1993) studied three waxy maize mutant
starches (wx, du wx, and ae wx) from two inbred lines and found that
higher gelatinization temperature and enthalpy were associated
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with a higher proportion of longer chains (degree of polymeriza-
tion (DP)>30). Shi and Seib (1995) reported that both amorphous
and crystalline regions were altered in four waxy maize mutant
starches (wx, du wx, ae wx, and ae du wx), and the onset melting
temperature and heat uptake for both gelatinization and retrogra-
dation increased with increasing proportion of amylopectin long
chains (DP>16).

Starch granules are resistant to degradation by amylases and
their susceptibility to amylases varies with sources of starch gran-
ules and amylases. Alpha-amylase and glucoamylase are more
efficient than 3-amylase in degrading starch, and more suscep-
tible starch granules possess pores or a sponge-like structure to
facilitate amylase attacks (Leach & Schoch, 1961; Sarikaya, Higasa,
Adachi, & Mikami, 2000). Kimura and Robyt (1996) demonstrated
that isoamylase from Pseudomonas amyloderamosa was also capa-
ble of hydrolyzing the a-(1 — 6) linkages in native starch granules
to a limited extent, depending on the starch type from 3.6% for
tapioca to 11.9% for amylomaize-7, at 37 °C after 32 h. Neverthe-
less, there was no correlation between the starch types that were
susceptible to glucoamylase degradation and those that were sus-
ceptible to isoamylase degradation.

This objective of this work was to investigate the thermal and
rheological properties of two waxy maize mutant starches, wxwx
and duwkx, after hydrolysis by isoamylase to varying degrees in
the granular state. We (Mendez-Montealvo, Wang, & Campbell,
2010) recently reported that $-amylase hydrolyzed Hsyn73 duwx
to a greater extent than Hsyn73 wxwx, and a greater proportion of
amylopectin long B chains may be responsible for a high viscosity
profile. This work attempted to alter the branching degree in waxy
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maize mutant starches in the granular state to better understand
how amylopectin structural characteristics affect the thermal and
rheological properties of granular waxy maize starches.

2. Materials and methods
2.1. Materials

Two synthetic populations developed by Dr. David Glover at
Purdue University were derived from a common synthetic variety
known as Hsyn73 developed by combining a number of pub-
lic inbreeds of the stiff-stalk heterotic group having a normal
endosperm type. The genetic materials were grown in 2004 at the
Truman State University Research Farm near Kirksville, Missouri, as
described in Mendez-Montealvo et al. (2010). Starch was isolated
according to the method of Eckhoff et al. (1996), and the damaged
starch content was determined by following AACC Method 76-31
(2000). Isoamylase (EC 3.2.1.68, 59,000 U/mL) was purchased from
Hayashibara Biochemical Laboratories (Okayama, Japan) and used
without further treatment.

2.2. Methods

2.2.1. Hydrolysis by isoamylase

A 6% (w/v) starch slurry in 0.1 M acetate buffer (pH 3.5) was
incubated at 45°C and 100 rpm in a reciprocating shaker (Boekel
Scientific, Feasterville, PA). Hydrolysis was initiated by the addi-
tion of 96 pL isoamylase (2360U/g starch), and aliquots (9 mL)
were taken periodically over a 168-h time period. The aliquot was
centrifuged at 2000 x g for 10 min, and the supernatant was deter-
mined for soluble sugars using the phenol-sulfuric acid method
(Dubois, Gilles, Hamilton, Rebers, & Smith, 1956). The recovered
starch was washed with 80% ethanol, centrifuged at 2000 x g for
10 min, washed and centrifuged again, dried at room temperature,
powdered with mortar and pestle, and stored at room temperature.
At least two samples were prepared for each hydrolysis degree.

Degree of hydrolysis (%)

Soluble sugar produced by enzyme hydrolysis

=100 Starch dry weight

2.2.2. Molecular size and chain-length distribution of debranched
amylopectin

Starch was debranched according to the method of Mendez-
Montealvo et al. (2010). The relative proportions of debranched
amylopectin fractions were calculated from the area of their
corresponding peaks using high-performance size-exclusion chro-
matography with refractive index detection (HPSEC-RI) following
the method of Kasemsuwan, Jane, Schnable, Stinard, & Robertson
(1995).

2.2.3. Structural characteristics of amylopectin

Starch (20 mg) was mixed with 4 mL of 90% dimethyl sulfox-
ide in a screw-cap test tube, and the mixture was stirred gently
at room temperature for 16 h. One milliliter aliquot was pre-
cipitated with 10 mL ethanol, allowed to stand for 30 min, and
centrifuged at 800 x g for 10 min. The supernatant was discarded,
and the precipitate was re-dispersed in 6 mL of deionized water
and then autoclaved at 121 °C for 15 min. After cooling, the sample
was filtered through a 5.0-pm membrane filter (mixed cellulose
esters, SMWP, Millipore, Bedford, MA) prior to injection into a
HPSEC-MALLS-RI system (HPSEC with multi-angle laser light scat-
tering and refractive index detection) as described in Patindol, Gu,
& Wang (2009). The coefficients of photodiode were standardized
using a pullulan standard of 22,500 M,y (Showa Denko K.K., Tokyo,

Japan) as reference. The values reported were averages of three
measurements.

2.2.4. Thermal properties

Thermal properties were assessed by a Pyris-1 differential
scanning calorimeter (DSC) (Perkin Elmer Co., Norwalk, CT). The
instrument was calibrated with indium and an empty pan was
used as reference. Starch (~4.0 mg, dry basis) was weighed into
an aluminum DSC pan and then moistened with 8 pL of deionized
water using a micro-syringe. The pan was hermetically sealed and
allowed to stand for 1 h prior to analysis. The sample was scanned
from 25 to 120°C at a heating rate of 10 °C/min. The onset (T, ), peak
(Tp) and conclusion (T¢) gelatinization temperature and enthalpy
(AH)were computed. Gelatinized samples were stored at 4 °C for 7
days, and then the samples were equilibrated at room temperature
for 1h prior to re-scanning using the same conditions described
previously to obtain retrogradation To, Tp and T, and AH. Retrogra-
dation degree was the percentage of retrogradation enthalpy over
gelatinization enthalpy of the same sample.

2.2.5. Rheological properties

The pasting profile of starch dispersion (5% w/v, dry base) was
measured by a rotational test in a AR2000 Rheometer (TA Instru-
ments, New Castle, DE) using parallel plates (sandblasted plate)
with a diameter of 40 mm and a gap of 1000 wm at a heating or
cooling rate of 2.0°C/min and a shear rate of 50 1/s. The parallel
plates were covered with mineral oil to avoid water evaporation
during the test. The rheometer was programmed for running time
sweeps of a cycle of heating from 25 to 90°C, holding at 90 °C for
10 min, cooling from 90°C to 25°C, and maintaining at 25°C for
5 min.

3. Results and discussions
3.1. Hydrolysis profile by isoamylase

The damaged starch contents in native wxwx and duwx were
2.3% and 3.5%, respectively, on a dry basis. The hydrolysis profiles
of the two starch mutants over a 168-h period are shown in Fig. 1.
An initial rapid hydrolysis followed by a steady increase over a
168-h period was observed for both starches. The rate of hydrolysis
was greater for the duwx, and the hydrolysis degrees at 168 h were
approximately 9.5% and 4.0% for the duwx and wxwx, respectively.
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Fig. 1. Percent hydrolysis of wxwx (¢) and duwx (B) by isoamylase over a 168-h
period.
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Table 1
Fine structure of debranched wxwx and duwx as resolved by HPSEC-RI? after hydrol-
ysis by isoamylase to varying degrees.P

2013

Table 3
Molecular size and structural characteristics of wxwx and duwx after hydrolysis by
isoamylase to varying degrees.?

Hydrolysis (%) Fr. 1€ (%) Fr. I1€ (%) Fr. Il/Fr. 1 Hydrolysis (%)  My/M," M, (E+08)(g/mol) R, (nm) v,

WXWX WXWX

0 20.7 +£ 0.5 79.3 £ 0.5 3.8 +0.1 0 2224+010 3.66 +0.15 324+ 6 0.36 +0.00
1.0 209 + 0.1 79.1 £ 0.1 3.8+0.0 1.0 210+ 010 3.04 +0.36 303+1 0.37 £0.01
2.0 19.8 £ 0.1 80.2 £ 0.1 41+00 2.0 2.16 £0.04 2.75+0.08 307+2 0.38 £0.00
3.0 213+ 03 78.7 £ 0.3 3.7 +0.1 3.0 2154+ 000 3.15+0.04 307+0 0.37 £0.01
4.0 20.0 + 0.0 80.0 + 0.0 4.0+ 0.0 4.0 217 £0.07 246 +£0.10 296 +£3 0.38 £ 0.01
duwx duwx

0 163 £0.2 83.7 £ 0.2 51+0.1 0 211+011 3.64 +£0.30 305+2 0.37 £0.01
2.0 159 £ 0.1 84.1 £ 0.1 53+ 0.0 2.0 2.02 £0.08 3.45+0.19 293 +5 0.38 £0.01
4.0 16.2 £ 0.2 83.8 +£0.2 52 +0.1 4.0 212+ 001 3.54+0.16 296 +4 0.38 +0.00
6.5 16.1 £ 0.1 839+ 0.1 52+0.1 6.5 192 £ 0.17 2.87 £0.23 282+ 1 0.40 £ 0.00
9.5 16.0 £ 0.0 84.0 + 0.0 52+ 0.0 9.5 1.96 +£0.18  2.58 +0.22 275+5 0.38 +£0.01

2 High performance size-exclusion chromatography with refractive index detec-
tion.

b Mean of at least duplicate measurements + standard deviation.

¢ Fr. I, amylopectin long B chains; Fr. II, amylopectin A and B short chains.

The initial more rapid hydrolysis was attributed to the presence
of damaged starch, which facilitated the penetration of isoamylase
into starch granules. However, the greater hydrolysis (2-5.5%) of
the duwx could not be solely ascribed to its higher damaged starch
content. A similar trend was also observed when both starches
were subjected to hydrolysis by 3-amylase with the duwx show-
ing a greater (3-amylolysis degree (Mendez-Montealvo et al.,2010).
Unlike B-amylase hydrolysis that leveled off after approximately
72 hunder the conditions studied (Mendez-Montealvo et al.,2010),
the hydrolysis by isoamylase in the present study showed a con-
tinuous increase for both waxy maize starches.

[soamylase is an endo-acting enzyme and requires the binding
of two starch chains to hydrolyze the a-(1 — 6) branch linkages.
Although being a relative large molecule (M; =86,000 Da), isoamy-
lase does penetrate into starch granules and hydrolyze branch
chains to significant extents (Kimura & Robyt, 1996). The greater
extent of hydrolysis of the duwx suggests that the duwx has more
branching points and/or has more branching points located in
the amorphous regions than the wxwx. Therefore, the structural
differences between the two starches were responsible for their
differences in the enzyme accessibility and hydrolysis kinetics.

3.2. Fine structure and chain-length distributions of debranched
amylopectin

The fine structure and chain-length distributions of both
isoamylase-treated waxy maize mutant starches are listed in

Tables 1 and 2, respectively. The differences in structural charac-

Table 2

M,,, weight-average molar mass; M,, number-average molar mass; R;, z-average
radius of gyration; My/M,, polydispersity; v,, slope of My, versus R;.
2 Mean of three measurements + standard deviation.

teristics of both native waxy maize mutants have been discussed in
our previous work (Mendez-Montealvo et al., 2010). The isoamy-
lase hydrolysis did not change any of these distributions, which
reflected the purity of isoamylase used in this study and confirmed
that the hydrolysis results (Fig. 1) were mainly from isoamylase.
The duwx had a greater proportion of Fr. Il (amylopectin A and short
B chains), a higher ratio of Fr. II/Fr., i.e. higher degree of branching,
and greater proportions of chains with DP (degree of polymeriza-
tion) 13-36 when compared with the wxwx. The higher degree of
branching implies that more a-1-6 linkages were present in the
duwx for isoamylase to attack, thus supporting previous hydroly-
sis results that the duwx was hydrolyzed to a greater extent than
the wxwx. In addition, no change in the ratio of Fr. II/Fr. I after
the hydrolysis by isoamylase for both starches suggests that the
branching points of different chains were evenly distributed in the
amorphous regions.

3.3. Molecular size and structural characteristics of amylopectin

The molecular size and structural characteristics of native and
isoamylase-treated samples as analyzed by HPSEC-MALLS-RI are
summarized in Table 3. The percent dissolution achieved for
the samples prepared was approximately 82.0-95.0%, similar to
those reported by Rolland-Sabaté, Colonna, Mendez-Montealvo,
and Planchot (2007). It is known that structural characteristics gov-
ern the physicochemical properties such as viscosity, gelatinization
and retrogradation behavior and pasting properties of starch (Jane
& Chen, 1992; Jane et al., 1999). Both native wxwx and duwx shared a
similar polydispersity (Mw/Mp) and molar mass (My ), but the duwx

Amylopectin chain-length distribution of wxwx and duwx after hydrolysis by isoamylase to varying degrees.?

Hydrolysis (%) Average chain length Percent distribution (%)

DP" 6-12 (A chains)

DP 13-24 (B1 chains)

DP 25-36 (B2 chains) DP 37+ (B3+ chains)

WXWX

0 20.9 £ 0.0 224 £ 0.1
1.0 21.1 £ 0.1 219+ 0.1
2.0 21.1 £ 0.1 219+ 0.1
3.0 20.9 £ 0.2 219 £ 0.0
4.0 20.8 £ 0.1 22.8 £02
duwx

0 20.5 £+ 0.0 21.6 £ 0.1
2.0 20.5 £ 0.0 215+ 0.0
4.0 20.5+ 0.0 215+ 0.1
6.5 20.5 £+ 0.0 21.7 £ 0.0
9.5 20.5 £ 0.1 21.6 £ 0.1

50.0 + 0.1 17.2 £ 0.1 104 + 0.1
49.7 £ 0.2 176 £ 0.2 10.8 £ 0.2
49.6 +£ 0.2 17.6 £ 0.1 109 £ 0.2
504 + 0.5 17.4 £ 0.0 10.2 +£ 0.6
49.8 £ 0.1 171+ 0.3 103 £ 0.0
514 + 0.0 19.0 £ 0.1 8.0+ 0.1
515+ 0.1 19.0 £ 0.1 8.0+ 0.1
51.6 £ 0.1 19.0 £ 0.1 8.0+0.1
51.6 +£ 0.2 18.8 £ 0.0 79 +£0.2
515+03 188 £ 0.2 8.1+0.2

2 Mean of at least duplicate measurements + standard deviation.
b Degree of polymerization as expressed as glucose unit.
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Table 4
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Gelatinization and retrogradation properties of wxwx and duwx after hydrolysis by isoamylase to varying degrees.?

Hydrolysis (%) Gelatinization

Retrogradation

ToP (°C) Tp (°C) T (°C) T.-To (°C) AH(J/g) To (°C) Tp (°C) T (°C) Tc-To (°C) AH(J/g) Retrogradation
degree (%)
WXWX
0 67.8+02 719+02 778402 100+01 133+03 41.0+£03 527+04 619+01 209+£03 70+02 522422
1.0 684401 723+£02 776403 93+03 129+05 41.8+02 535+£02 625405 207+06 79+04 61.0+24
2.0 68.7+02 725+02 778+04 91+03 134+07 428+04 540+02 629+01 201+03 81+02 60.6+22
3.0 686+02 728+02 787405 101+04 137+08 434+04 541+00 634+04 200+£01 90+01 658+28
4.0 668 +03 726+03 792403 124+05 138+07 440+£02 543+00 635+03 195+£05 90+04 655+14
duwx
0 663 +03 71.1+02 778402 115+02 122+05 407+07 503+02 618+03 21.1+£07 89+01 727425
2.0 666 +£04 714+03 780+03 114+01 125+04 413+£02 519+05 627+01 214+£02 104+02 828+1.0
4.0 673402 717401 777+02 105+00 125+£01 425+01 526+03 625+01 200+01 102401 815+09
6.5 68.0+02 725+01 783402 103+04 122401 441+04 541+00 635+01 194+05 102+03 836+18
9.5 67.5+00 725+03 795+04 119+04 121+04 451+00 544+03 640+03 189+03 105+0.1 869+24

2 Mean of three measurements + standard deviation.

b T,, onset temperature; Ty, peak temperature; Tc, conclusion temperature; T. — T,

AH]/gelatinization AH).

had a smaller z-averaged radius of gyration (R;), thus a slightly
more branched structure, agreeing with HPSEC results (Table 1).
The My and R; of both duwx and wxwx progressively decreased
with increasing hydrolysis by isoamylase, whereas their My, /My
and v, remained relatively unchanged. The v, values of the native
and isoamylase-treated wxwx and duwx were close to 0.33, indi-
cating that both amylopectin molecules, when solubilized, were
present in the spherical shape (Hanselmann, Burchard, Ehrat, &
Widmer, 1996) and still maintained this shape after the various
degrees of debranching from isoamylase in the granular state.

When the decrease in My and R; of isoamylase-treated waxy
starches relative to their respective native one were compared
at the same hydrolysis degree, the decreases were significantly
greater for the wxwx than for the duwx. For example, at 4% hydrol-
ysis, the My and R, of the wxwx significantly decreased from
3.66 x 108 g/mol and 324 nm at its native state to 2.46 x 108 g/mol
and 296 nm, respectively, whereas the duwx showed no change in
M, and only a slight decrease in R;. Itis suspected that because of its
more branching structure, the duwx was capable of accommodat-
ing a greater degree of debranching without changing its M,y and
R;. Nevertheless, the M,y and R; of the duwx significantly decreased
when the hydrolysis reached and exceeded 6.5%.

3.4. Thermal properties

Table 4 lists the gelatinization and retrogradation properties of
native and isoamylase-treated wxwx and duwx. For gelatinization,
the wxwx had a higher T,, Tp, and AH, and a smaller gelatiniza-
tion range (T. — To) than the duwx. With increasing hydrolysis by
isoamylase, both starches generally showed an increase in To, Tp,
and T¢, but little change in AH. Asignificantincrease in T, was noted
for the wxwx at 1% hydrolysis, and for the duwx at 4% hydrolysis.
A similar trend was also noted in the changes of structural charac-
teristics (Table 3), where the wxwx showed a significant decrease
in My and R; at 1% hydrolysis, but the duwx showed no change in
M,y until 6.5% hydrolysis and no change in R, until 2% hydrolysis.
Again, the more branching nature of the duwx probably allowed for
a greater degree of debranching without affecting its gelatinization
temperature. In contrast, our previous study (Mendez-Montealvo
etal., 2010) found that the T, and T;, of both wxwx and duwx gener-
ally remained unchanged or decreased after 3-amylase hydrolysis.
These results demonstrate that hydrolysis in the amorphous lamel-
lae affects starch gelatinization temperature, but the changes are
affected by the type of hydrolysis. At low degrees of hydroly-
sis, shortening amylopectin chains as in 3-amylase hydrolyzed
samples seemed to have no impact or slightly decreased their T,

temperature range; AH, enthalpy; retrogradation degree (%)= 100 x (retrogradation

and T,, whereas debranching as in isoamylase hydrolyzed sam-
ples slightly increased their T, and T,. The shorter branches as
in B-amylase hydrolysis probably help destabilize the crystalline
structure to result in lower gelatinization temperature, whereas
the less branching structure as in isoamylase hydrolysis probably
is a more stable structure.

For retrogradation properties, both starches showed a signif-
icant increase in To, Tp, Tc, AH and retrogradation degree with
increasing hydrolysis by isoamylase. With increasing hydrolysis by
isoamylase, both starches became less branched, which promoted
the re-association of amylopectin chains and consequent forma-
tion of crystalline structures after the starch was gelatinized. The
retrogradation enthalpy values of debranched wxwx and duwx was
generally greater than those of 3-amylase-treated ones as reported
in our previous study (Mendez-Montealvo et al., 2010).

3.5. Rheological properties

The pasting profiles obtained by a dynamic rheometer using
rotational tests of native and isoamylase-debranched wxwx and
duwx are displayed in Fig. 2. The wxwx had higher peak, greater
breakdown and higher final viscosity values than the duwx.
Although the two mutant starches shared a similar M,y (Table 3),
the wxwx had a greater proportion of long B chains (Fr. I, Table 1), a
lower degree of branching, and a slightly large R, value compared

600 ~ 100
1 — Temperature L
4 =0 % wxwx
{ 1% - 90
5004 a2% L
1 3%
1 4% -8
4 ©0% duwx r (]
7 4004 ©-2% ™ L70 %=
@ 1 Sia S lee M e oo o
o 1 =65% r 2
[ ] ©95% leo ®
> 300—_ | Q
§ 1 L 50 E,
L0 /P RCEIRIe T N r
1 /B e npaanansssttET o oog L 40
100 L 30
20
R e e e e —T T
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Time (min)

Fig. 2. Pasting profiles of wxwx (filled symbols) and duwx (open symbols) after
hydrolysis by isoamylase to varying degrees. The number indicates the percent
degree of hydrolysis.
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with the duwx, which might contribute its significantly higher vis-
cosity.

When hydrolysis by isoamylase progressed, both starches
showed significant decreases in pasting viscosity. During the hold-
ing and cooling stages, the pasting profiles of the wxwx at 1% and 2%
hydrolysis were similar to that of native duwx, and the pasting pro-
files of the wxwx at 3% and 4% hydrolysis were similar to that of the
duwx at 2% hydrolysis. We noted that the wxwx at 1-2% hydrolysis
had a lower My, but a similar R, when compared with native duwx,
and the wxwx at 3-4% hydrolysis also had a lower My but a similar
R, when compared with the duwx at 2% hydrolysis. Therefore, the
present study supports our previous findings (Mendez-Montealvo
et al., 2010) that amylopectin My, is not the primary determinant
for the viscosity profile, and R, may play a more important role in
determining the viscosity profile of waxy maize starch. Although
R, value is derived from individual amylopectin molecules, and
the pasting viscosity is obtained from granular starch, it is pro-
posed that amylopectin molecules with larger R, would be able
to have stronger interactions with other amylopectin molecules,
thus resulting in a higher viscosity profile. It was proposed that the
formation of a semi-permeable membrane-like surface structure
during gelatinization and swelling is a result of molecule entan-
glement after gelatinization (Wang, Kuo, Wang, & Patindol, 2007).
Therefore, stronger interactions among amylopectin molecules
allow for higher viscosity profiles for waxy corn starch.

Tester and Morrison (1990b) reported that crystallites within
the amylopectin molecule determined the onset of swelling and
gelatinization, but maximum swelling factors may relate to the
molar mass and shape of the whole amylopectin molecule. The
present results suggest that amylopectin shape, as represented by
R;,was the primary determinant for the extent of viscosity develop-
ment in waxy maize starch. The branching degree of amylopectin
had a strong impact on R; and consequent pasting viscosity of waxy
starch. The importance of branching degree is also supported by a
greater extent of decrease in pasting viscosity of debranched waxy
starch than 3-amylase-treated one at the same degree of hydrolysis
(Mendez-Montealvo et al., 2010).

4. Conclusions

Although both wxwx and duwx are composed of only amy-
lopectin, they show district thermal and rheological properties at
both their native states and after isoamylase hydrolysis. The duwx
was consistently hydrolyzed by isoamylase to a greater extent
than was the wxwx, which was attributed to a higher degree
of branching present in the amorphous lamellae in the duwx.
Isoamylase-treated wxwx and duwx generally displayed slightly
higher gelatinization temperatures, retrogradation enthalpy and
retrogradation degree than their respective native ones. The amy-
lopectin branching structure in waxy starches helped to destabilize
the crystalline structure during gelatinization and hinder re-
association upon cooling. Therefore, when amylopectin became

less branched the gelatinization temperature and the retrograda-
tion tended to increase. The My, R;, and pasting viscosity of both
waxy starches steadily decreased with increasing hydrolysis by
isoamylase. When the wxwx and duwx had a similar R, regardless
of the degree of hydrolysis, they displayed similar pasting pro-
files during holding and cooling stages. These results suggest that
the pasting viscosity of waxy maize starch is primarily governed
by amylopectin R, than by M,, and/or long B chains among amy-
lopectin structural characteristics. Any modification resulting in
significant changes in R, would have a strong impact on the pasting
properties of waxy starch.
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