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 ABSTRACT Cereal Chem. 79(2):243–248 

Starches from eight soft wheat samples (two parent lines and six 
offspring) were isolated; relationships between their structures and prop-
erties were examined. Branch chain-length distributions of amylopectins 
were determined by using high-performance anion exchange chromatogra-
phy equipped with an amyloglucosidase reactor and a pulsed amperometric 
detector (HPAEC-ENZ-PAD). Results showed that the average chain 
length of the eight samples varied at DP 25.6-26.9. Starch samples of 
lines 02, 60, 63, 95, and 114 consisted of amylopectins with more long 
chains (DP ≥ 37) and longer average chain length (DP 26.2-26.9) than 
that of other samples. These starch samples of longer branch chain length 

displayed higher gelatinization temperatures (55.3-56.5°C) than that of 
other samples (54.4-54.9°C) and higher peak viscosity (110-131 RVU) 
and lower pasting temperature (86.3-87.6°C) than others (83-100 RVU 
and 88.2-88.9°C, respectively). The Mw of amylopectins, determined by 
using high-performance size exclusion chromatography equipped with 
multiangle laser-light scattering and refractive index detectors (HPSEC-
MALLS-RI), were similar for all samples (6.17 × 108 to 6.97 × 108). There 
were no significant differences in amylose and phosphorus contents 
between samples. These results indicated that physical properties of wheat 
starch were affected by the branch-chain length of amylopectin. 

 
Wheat cultivars of different characteristics are desirable for dif-

ferent final product applications. Because starch is the major com-
ponent (80%) of soft wheat flour (Lin and Czuchajowska 1997), 
starch properties are important for the quality of products. Studies 
have shown that functional properties of starch are critical to the 
quality of white-salted noodles (Bhattacharya et al 1997; Sasaki and 
Matsuki 1998; Akashi et al 1999), whereas the protein content and 
quality are the most important factors for breadbaking (Bhattacharya 
et al 1997). 

Starch structures such as amylose contents, branch chain length 
distribution of amylopectin (Jane et al 1999), phosphate monoester, 
phospholipid and lipid contents (Tester and Morrison 1990; Lim et 
al 1994; Morrison 1995; Lin and Czuchajowska 1998), starch granule 
size distribution (Raeker et al 1998), crystalline structures (Hizukuri 
et al 1997), and granular architecture (Tester 1997) affect the func-
tional properties of starch. Relationships between fine structures 
and thermal and pasting properties of starch have been established 
by using high-performance anion-exchange chromatography equipped 
with a pulsed amperometric detector (HPAEC-PAD), high-perfor-
mance size-exclusion chromatography (HPSEC), differential scanning 
calorimetry (DSC), and amylography. Starch that consists of amylo-
pectin with a larger proportion of long branch-chains displayed 
higher gelatinization temperatures and enthalpy changes (Sanders et 
al 1990; Jane et al 1992; Yuan et al 1993; Shi et al 1994; Kasemsu-
wan et al 1995; Sasaki and Matsuki 1998; Jane et al 1999). Pasting 
properties of starch are also affected by the branch chain length distri-
bution of amylopectin (Jane et al 1992; Wang et al 1993; Jane et al 
1999). Jane and Chen (1992) reported synergistic effects between 
amylopectin chain length and amylose molecular size on the vis-
cosity of starch paste. 

Normal wheat starch has relatively larger contents of amylose and 
phospholipids (Shi et al 1994; Lim et al 1994). Starches with larger 
amylose, lipids and phospholipids contents have higher pasting tem-
perature, lower peak viscosity and shear-thinning, and higher setback 
viscosity (Zeng et al 1997; Jane et al 1999, Yoo and Jane, in press). 

Relationships between structural characteristics and functional prop-
erties of starches have received much attention. It is important to 
have a thorough understanding of how starch functional properties 
are affected by structural characteristics. This information should 

provide a basis for more adequate manipulation of quality attributes 
through breeding or genetic modification to produce new lines with 
desirable properties for various applications of soft wheat flour. 

This study was a part of a project on a comprehensive understan-
ding of soft wheat structures, properties, and applications led by 
the USDA, Soft Wheat Quality Laboratory (Wooster, OH). In this 
study, we aimed to investigate the structures and functions of starches 
isolated from eight different soft wheat samples. Two parent lines 
and six hybrid lines of wheat were used in this study. Results ob-
tained from this study will be related to characteristics of milling, 
baking, and other applications of the soft wheat flour samples to be 
reported later.  

MATERIALS AND METHODS 

Eight wheat samples from 1994 crop, grown at the same loca-
tion and conditions, were used in this study. Two parent lines, Clarkes 
(a hard wheat cultivar that has a soft equivalent index [SE] of 
42.69) and New York (soft wheat, SE 52.01) were designated as 
Line 109 and Line 114, respectively. Six hybrid lines, derived from 
Clarkes and New York and displaying different hardness values, 
were assigned as Lines 02 (SE 52.88), 39 (SE 36.86), 60 (SE 48.1), 
63 (SE 40.33), 95 (SE 41.08), and 106 (SE 55.62). The SE indices 
of the wheat samples were analyzed in the USDA Soft Wheat 
Laboratory and were provided by P. Finney (Wooster, OH). Crystalline 
Pseudomonas isoamylase (EC 3.2.1.68, Hayashibara Shoji, 
Okayama, Japan) was used as received. Sepharose CL-2B gel was a 
product of Pharmacia (Piscataway, NJ). Other chemicals, all reagent-
grade, were used without further purification.  

Starch Isolation 
Starch was isolated using a method reported by Badenhuizen (1964) 

and Kasemsuwan et al (1995) with modification. Wheat grains 
were steeped in 0.01M mercuric chloride solution and then ground 
and separated from cellulosic material by using a 53-µm screen. The 
starch was recovered and purified by centrifugation and resuspended 
in a NaCl (0.1M) solution with 10% volume of toluene, stirred for 
at least 1 hr, and allowed to stand until the starch precipitated. The 
NaCl solution and toluene were removed, and the procedure was 
repeated until the starch sediment became clean. The starch was re-
covered by filtration, washing two times, rinsed with ethanol and 
dried in a convection oven at 35°C for 48 hr.  

Fractionation of Amylose and Amylopectin 
Fractionation of amylose and amylopectin followed the procedure 

of Schoch (1942) and Jane and Chen (1992). Amylose was precipi-
tated as amylose-1-butanol complex, and amylopectin was purified 
by recrystallization to remove amylose.  
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Molecular Weight Distribution of Starch by GPC 
Starch (100 mg) was prewetted with water and then dispersed in 

90% DMSO solution (10 mL) following the procedure of Song 
and Jane (2000). An aliquot (2.5 mL) containing 7.5 mg of starch 
and 1 mg of glucose (as a marker) was loaded onto a column (1.0 
i.d. × 70.0 cm) packed with Sepharose CL-2B gel following the 
procedure reported by Wang et al (1993). The column was eluted 
in the ascending mode. The eluent consisted of NaCl (25 mM) and 
NaOH (1 mM) with a flow rate of 0.5 mL/min. Fractions of 2.5 mL 
each were collected and subjected to total carbohydrate and amylose 
content analyses using phenol sulfuric (Dubois 1956) and iodine 
staining reactions (Juliano 1971), respectively, to reveal molecular 
weight distribution of amylopectin and amylose.  

Absolute Molecular Weight of Amylopectin by HPSEC-MALLS-RI 
Amylopectin was separated from amylose using HPSEC, and 

absolute molecular weight was determined by using a multiangle 

laser-light scattering detector (MALLS) (model Dawn-F, Wyatt 
Technology, Santa Barbara, CA) with He-Ne laser-light at 632 nm 
and a refractive index detector (RI, HP1047A, Hewlett Packard). 
A fresh starch solution (0.4 mg/mL) was prepared by the same 
procedure used for GPC and filtered through a nylon filter (5 µm) 
before injection. An isocratic pump (HP1050) equipped with an in-
jection valve (model 7125, Rheodyne), a 100-µL sample loop and 
online eluent filter kit using 0.2- and 0.1-µm membrane filters 
(Millipore, Bedford, MA) was used for the analysis. Two sequentially 
connected analytical columns (Shodex KB-806 and KB-804, 
Showa Denko, Tokyo) with a Shodex OH pack KB-G guard 
column were maintained at 55°C in a CH-460 column heater with 
a TC-50 controller (Eppendorf, Madison, WI). The temperature of 
the RI detector was set at 30°C. Pure deionized water was used as 
mobile phase at a flow rate of 0.7 mL/min. The weight-average 
molecular weight (Mw) and the radius of gyration (Rz) were 
calculated by using a ASTRA 4.7 software (Wyatt Technology).  

 

Fig. 1. Elution profiles of soft wheat starches on Sepharose CL-2B column. A–H: Lines 02; 39; 60; 63; 95; 106; 109; and 114, respectively.  
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Branch Chain-Length Distribution of Amylopectin 
The branch chain-length distribution of wheat amylopectin was 

determined following the method of Wong and Jane (1997). Whole 
starch samples were debranched using isoamylase and analyzed 
by high-performance anion exchange chromatography (Dionex DX-
300 system, Sunnyvale, CA) equipped with a postcolumn amyloglu-
cosidase reactor and a pulsed amperometric detector (HPAEC-
ENZ-PAD). An anion-exchange column (CarboPac PA-100 column) 
and a guard column were used for the analysis. A gradient composed 
of eluent A (100 mM NaOH) and eluent B (100 mM NaOH, 300 mM 
NaNO3) was programmed as follows. At 0 min, the mobile phase 
consisted of 99% A and 1% B. The concentration of eluent B in 
mobile phase was linearly increased to 5, 8, 30, and 45% at 30, 
50, 160, and 220 min, respectively. The flow rate of the eluent was 
at 0.5 mL/min through out the analysis. The pulsed potential and 
duration for the PAD were:  

E1 = 0.05V (duration time t1 = 480 msec), E2 = 0.60V (t2 =120 msec), 
and E3 = –0.60V (t3 = 60 msec). 

Iodine Affinity and Amylose Content 
Starch samples were defatted by dispersing starch in 90% DMSO 

solution in a boiling water bath with stirring for 1 hr. Starch was 
precipitated from DMSO solution with absolute ethanol and was 
collected by centrifugation. Precipitated sample was washed with 
ethanol, recovered by filtration, and dried in a convection oven at 
35°C for 24 hr. Iodine affinities of defatted whole starch and puri-
fied amylopectin were determined as in by Kasemsuwan et al (1995). 
A potentiometric autotitrator (702 SM Titrino, Brinkmann Instrument, 
Westbury, NY) was used to measure iodine affinity. Apparent amy-
lose contents were calculated by dividing the iodine affinity of starch 
by 19.9% (Takeda and Hizukuri 1987). Absolute amylose contents 
were calculated by the method of Kasemsuwan et al (1995).  

  

Fig. 2. Branch-chain length distributions of soft wheat amylopectins analyzed by HPAEC-ENZ-PAD. A–H: Lines 02; 39; 60; 63; 95; 106; 109; and 114.
Average of two replicates. 
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Phosphorus Content 
Phosphorus contents of wheat starches were determined by the 

spectrophotometric method of Smith and Caruso (1964).  

Thermal Properties 
Gelatinization properties of wheat starch samples were deter-

mined using a DSC-7 (Perkin Elmer, Norwalk, CT). Wheat starches 
(2 mg, dsb) were weighed in aluminum pans, mixed with distilled 
water (6 µL) and sealed. The weighed samples were kept at room 
temperature for 2–3 hr to equilibrate and scanned at a rate of 
10°C/min over a temperature range of 25–100°C. An empty pan was 
used as a reference. Each gelatinized sample remained in was kept 
in the pan in an individually marked vial and stored at 4°C for seven 
days. The samples were then analyzed for starch retrogradation using 
the same instrument and parameters.  

Pasting Properties of Wheat Starches 
Pasting properties of wheat starch samples were obtained using 

a Rapid Visco Analyser (RVA) (model RVA-4, Newport Scientific, 
Australia). A starch suspension (8%, dsb, w/w; 28 g total weight) was 
equilibrated at 30°C for 1 min, heated to 95°C at a rate of 6°C/min, 
held at 95°C for 5.5 min, cooled down to 50°C at a rate of 6°C/min, 
and finally held at 50°C for 2 min. The suspension was stirred at 
160 rpm throughout the experiment.  

Statistical Analysis 
All samples were analyzed in duplicate. Statistical analyses were 

performed using the data analysis tools of Statistics for Windows 
(v. 5.0, Statsoft, Tulsa, OK). Analysis of variance was conducted 
using Tukey’s studentized range test at the 5% level.  

RESULTS AND DISCUSSION 

GPC elution profiles of wheat starches are shown in Fig. 1. Amylo-
pectin, with large molecular mass, was eluted at the void volume 
and shown as the first peak. The second peak, evident in a great 

blue value response, corresponded to amylose. The last peak was 
glucose added to mark the end of the elution. Results showed that 
ratios of blue value to total carbohydrate (BV/CHO) of the amylo-
pectins of Lines 02, 60, 63, 95, and 114 (Fig.1A, 1C, 1D, 1E, and 
1H, respectively) were 0.11–0.12 and were larger than that of Lines 
39, 106 and 109 (Fig. 1B, 1F, and 1G, respectively, BV/CHO = 
0.09). The results suggested that the amylopectin of Lines 02, 60, 
63, 95, and 114 consisted of larger proportions of longer branch 
chains. Normalized chain length distributions of debranched amylo-
pectins of the wheat starch samples determined by HPAEC-ENZ-
PAD are shown in Fig. 2 and the results are summarized in Table I. 
All eight samples showed 1st and 2nd peak chain-length at DP 12 
and 46–51, respectively. The average chain length varied from DP 
25.6 to 26.9. The peak area ratios of DP 6–12, 13–24, 25–36 and 
DP ≥ 37 were 18.9–21.0, 40.9–42.7, 14.4–17.7, and 20.4–23.4%, res-
pectively. Lines 02, 60, 63, 95, and 114 consisted of larger propor-
tions of chains with DP ≥ 37 (22.3–23.4%) compared with three 
other samples with DP ≥ 37 (20.4–22.0%). These results confirmed 
those observed in GPC profiles (Fig. 1). With exception of Line 
95, there was no difference in the proportion of short branch chain 
of amylopectin among all wheat starch samples. Sasaki and Mat-
suki (1998) reported that among 12 amylopectins isolated from 
wheat starches, four had higher proportions of long chains, whereas 
Lin and Czuchajowska (1997) found no detectable difference in 
amylopectin structure of 191 club and soft white winter wheat 
starch samples. 

Amylopectins have gigantic molecular weights. The Mw and Rz 
of the amylopectins of the wheat samples are shown in Table II. 
The Mw and Rz varied from 6.17 to 6.97 × 108 and from 300.3 to 
324.9 nm, respectively. The results agreed with those reported by 
Buléon et al (1998). These data showed no significant difference 
between the Mw of the samples. You et al (1999) reported lower 
values with larger differences between the Mw of amylopectins of 
eight wheat cultivars, which varied from 4.2 to 7.3 × 107. 

Apparent amylose contents of the starch samples varied from 
27.2 to 28.7% as shown in Table III. The Lines 60 and 109 dis-
played the highest values. These results were in agreements with 
those reported by Raeker et al (1998) and Akashi et al (1999), with 
amylose contents of normal wheat starches varying from 26.7 to 
28.8% and from 25.7 to 28.7%, respectively. Zeng et al (1997) 
reported similar values for amylose contents of 14 different normal 
wheat cultivars, with exception of two cultivars that displayed lower 
values. To determine how significant long branch-chains of amylo-
pectin were in overestimating the amylose content, starches of 
Lines 02, 60, 63, and 95 were selected for the study. The starches 
were fractionated to amylose and amylopectin and purified by recrys-
tallization. The iodine affinities of the purified amylopectin samples 
were determined (Table III). The absolute amylose contents were 
also calculated. Because of limited amounts available for fraction-
ation of starch, only Lines 02, 60, 63 and 95 were fractionated and 
their absolute amylose contents determined. The iodine affinities of 
these amylopectins were considered low, indicating that the apparent 

TABLE I  
Chain Length (CL) Distribution of Wheat Amylopectinsa 

    Chain Length Distribution (%)b 

Line Peak I Peak II CL Average DP 6–12 DP 13–24 DP 25–36 DP ≥ 37 

02 12 47 26.6 19.1cc 41.5a–c 16.0b 23.4a 
39 12 49 25.6 19.2bc 42.7a 17.7a 20.4c 
60 12 50 26.9 19.3bc 40.9c 16.4b 23.4a 
63 12 48 26.2 19.4bc 41.7a–c 15.8b 23.1a 
95 12 51 26.2 21.0a 42.3ab 14.4c 22.3ab 
106 12 48 26.2 19.1c 41.2bc 17.7a 22.0a–c 
109 12 46 25.6 19.8b 42.1ab 16.8ab 21.2bc 
114 12 47 26.4 18.9c 41.6a–c 16.7ab 22.8ab 

a Average of two replicates per sample. 
b  Sum of peak-area ratios (%) of group with degree of polymerization (DP). 
c Values followed by the same letter in the same column are not significantly different (P < 0.05).  

TABLE II  
Weight-Average Molecular Weight (Mw) and Radius  

of Gyration (Rz) of Wheat Starch Amylopectinsa,b 

Line Mw (108 g/mol) Rz (nm) 

02 6.65ac 317.6ab 
39 6.29a 310.4ab 
60 6.73a 322.3ab 
63 6.65a 314.3ab 
95 6.17a 300.3b 
106 6.97a 324.9a 
109 6.76a 323.8a 
114 6.84a 320.4ab 

a Averages of two replicates per sample. 
b Peak on retention volume at 8.7–9.7 mL. 
c Values followed by the same letter in the same column are not significantly

different (P < 0.05).  
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amylose contents of wheat starches were not significantly over-
estimated over the absolute amylose contents. 

Phosphorus in most normal cereal starches is mainly in the form 
of phospholipids that affect the starch pasting properties (Jane et 
al 1996). Differences in phosphorus content are related to genetic vari-
ations within each species (Lim et al 1994). Phosphorus content of 
the wheat starch samples (Table III) varied from 0.047 to 0.053%. 
The starch of Line 109 showed the largest phosphorus content, 
whereas Lines 60 and 95 showed the smallest. These results were in 
agreement with 0.048–0.060% reported by Raeker et al (1998) for 12 
soft wheat cultivars. There was no significant correlation between 
amylose content and phosphorus content of the samples analyzed. 

Thermal properties of wheat starches are shown in Tables IV 
and V. Starch of Lines 02, 60, 63, 95, and 114, with larger propor-
tions of long branch chains in the amylopectins, displayed higher 
gelatinization temperatures (Table IV) and melting temperatures 
of retrograded starches (Table V). These results further confirmed 
those reported by Jane et al (1992 and 1999), Yuan et al (1993), 
Shi et al (1994), Kasemsuwan et al (1995), and Sasaki and Matsuki 
(1998). However, there was no significant difference observed in 
the enthalpy change of starch gelatinization and melting of retro-
graded starches among all eight samples. Significant correlation 
was observed between the percentage of long branch-chains of amylo-
pectin (LBCL) (DP ≥ 37) and onset gelatinization temperature and 
melting temperature of retrograded starches (r = 0.655; P < 0.01, 
and r = 0.788; P < 0.01, respectively). DSC measures the melting 
of double helical crystallites with the loss of molecular order (Cooke 
and Gidley 1992). Gelatinization temperature is related to crystallite 
perfection (Tester and Morrison 1990). Amylopectins with more long 
branch chains (Lines 02, 60, 63, 95, and 114) produce more-ordered 
double-helical crystallites, which require higher temperatures to 
uncoil and dissociate (Yuan et al 1993; Song and Jane, 2000). 

Pasting properties of different wheat starches are summarized in 
Table VI. The peak viscosity and pasting temperature ranges of 
the starch samples were 83–131 RVU and 86.3–88.9°C, respec-
tively. Lines 02, 60, 63, 95 and 114 that had amylopectins of more 
long branch chains (DP ≥ 37) displayed larger peak viscosity 
(110–131 RVU), lower pasting temperature (86.3–87.6°C), and 
larger shear-thinning (40–52 RVU) than three other samples: peak 
viscosity (83–100 RVU), pasting temperature (88.2–88.9°C), and 
shear thinning (21–30 RVU). Correlations were determined between 
the %LBCL (DP ≥ 37) and peak viscosity (r = 0.785, P < 0.01) 
and between %LBCL and pasting temperature (r = –0.616, P < 
0.01). Sasaki and Matsuki (1998) suggest that a larger number of 
hydrogen bonds can be formed between longer chain amylopectins 
and water, which contribute to increased swelling of starches.  

CONCLUSIONS 

The results showed that the branch chain length of amylopectin 
had effects on the thermal and pasting properties of wheat starches. 

Starch gelatinization temperature, paste peak viscosity, and shear 
thinning increased with increasing branch chain-length of amylo-
pectin. The molecular weight of amylopectin and contents of amy-
lose and phosphorus of the starch samples were not significantly 
different between the eight samples to show effects on the func-
tional properties of these starches.  
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TABLE V  
Thermal Propertiesa of Retrograded Soft Wheat Starchesb  

Line To Tp Tc ∆H %Rc 

02 42.9ad 50.9a 57.2a 4.3a 41.9 
39 38.3b 48.1c 56.4a 4.3a 44.7 
60 42.0a 49.1b 57.0a 3.7a 37.8 
63 42.6a 51.3a 57.1a 3.9a 37.3 
95 43.5a 51.7a 57.3a 3.5a 32.8 
106 38.7b 48.3bc 56.4a 3.6a 37.8 
109 37.9b 48.4bc 56.8a 3.7a 37.4 
114 42.4a 51.1a 56.6a 3.7a 35.1 

a To, Tp, and Tc = onset, peak and complete temperature (°C), respectively; ∆H = enthalpy change (J/g). 
b Averages of at least three replicates per sample. 
c %R (retrogradation) = [∆Hret/ ∆Hgel] × 100. 
d Values followed by the same letter in the same column are not significantly different (P < 0.05). 

 
TABLE VI  

Pasting Properties of Wheat Starchesa 

   Viscosity (RVU) 

Lineb Pasting Temp (°C) Peak Time (min) Peak Shear-Thinning Final Setback 

02 86.9bc 12.5a 128a 52a 176b 100b 
39 88.2ab 11.9b 83e 21e 132d 71f 
60 86.7b 12.4a 131a 48ab 198a 114a 
63 87.6ab 12.4a 113b 42bc 158c 88c–e 
95 86.3b 12.5a 128a 47ab 179b 98bc 
106 88.9a 12.5a 99d 27de 152c 80ef 
109 88.9a 12.3ab 100cd 30d 155c 84de 
114 86.7b 12.1ab 110bc 40c 163c 93b–d 

a Averages of two replicates per sample. 
b Sample concentrations are 8%, dsb, w/w. 
c Values followed by the same letter in the same column are not significantly different (P < 0.05).  


