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Landraces of wheat may harbor wide diversity in quality-related traits,
yet they have been little utilized to improve modern wheat varieties for
major end uses such as noodles. Screening for starch physical properties
in wheat breeding programs may provide valuable information on the
suitability of genotypes for noodle manufacture. The pasting or vis-
coamylograph characteristics, especially the peak viscosity and the rate
of viscosity breakdown after gelatinization, have been widely used to
predict the eating quality of Japanese white salted noodles (WSN) and
also applied to Chinese yellow alkaline noodles (YAN). We investigated
the pasting properties of purified wheat starch and wholemeal from 21
Iranian landrace accessions and five standard cultivars, in water and in
salt and alkaline conditions. The peak viscosity of starch with added
water or 2% salt and at as-is or alkaline pH (pH 11) were found to be
significantly correlated with each other. The results obtained were com-

Rapid screening of lines for potential use in quality improve-
ment in a wheat breeding program requires identification of traits
that are easy to measure, highly heritable, and meaningfully
related to end use quality. Hence, effective early selection depends
on development of reliable screening methods for relevant traits.
Various studies (Nagao et al 1977, Moss 1980, Oda et al 1980,
Toyokawa et al 1989, Crosbie et al 1990, Crosbie 1991, Konik et
al 1991) have shown that variation in the eating quality of noodles
is related to the swelling and pasting properties of wheat starch,
and that the most convenient method for assessing wheat for noo-
dle quality in a breeding program is by using viscoamylography to
measure the starch pasting properties (Crosbie 1991, Panozzo and
McCormick 1993).

Pasting properties of starch have traditionally been studied using
the Brabender Amylograph/Viscograph (Walker et al 1988, Konik
et al 1991). This method can be restrictive because of the large
amount of flour or starch required and the long analysis time,
limiting application to the later stages of wheat breeding programs
(Crosbie 1991, Panozzo and McCormick 1993). The Rapid Visco-
Analyser (RVA), which was initially designed to screen for sprout
damage in wheat (Ross et al 1987, Deffenbaugh and Walker 1989),
has proven to be a versatile and useful instrument for measuring
starch pasting properties. The major advantages of the RVA rel-
ative to the Brabender Amylograph/Viscograph are that only a
small sample of starch, wholemeal, or flour (3-4 g) is required for
the test, the analysis takes a short time, and the data is recorded
directly by computer.

Moss (1980) stated that amylography of starch rather than
wholemeal or flour should be used to assess quality for manufac-
ture of Japanese noodles. However, Panozzo and McCormick
(1993) reported that analyzing wholemeal using the RVA was as
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pared with the pasting profiles of wholemeal under the same treatment
conditions. The peak viscosity of wholemeal was significantly correlated
with that of starch, especially when 0.5 mM silver nitrate was used to
suppress the effect of a-amylase. It was confirmed that wholemeal may
be used instead of starch during rapid screening of wheat genotypes when
sample availability is limited, but wide differences in starch content in
unadapted material, such as landraces, will reduce the accuracy of the
results. When wholemeal is to be used for screening wheat for desirable
end use quality, it is preferable to always use an amylase inhibitor like
silver nitrate to eliminate the effect of endogenous amylases, even in
nonsprouted material. The differences in pasting profiles resulting from
alkaline versus nonalkaline conditions indicate that whenever YAN qual-
ity is of particular importance, screening under high pH should also be
conducted.

reliable as testing flour or starch in identifying lines suitable for
producing white salted noodles (WSN). Those studies were con-
ducted on wheat samples free from sprout damage, but showed
that the pasting properties of flour and wholemeal were compara-
ble with those of starch and, hence, were similarly predictive of
Japanese noodle quality.

In genetic resource management and evaluation, and in the
early stages of breeding in trying to introduce useful diversity for
starch physical properties from unadapted wheat varieties or land-
races, the major problems are: 1) limited availability of material,
making it difficult to isolate starch or extract flour; 2) the need to
screen large numbers of samples; 3) the diversity of end uses of
wheat and the effect of processing variables such as salt or pH on
starch behavior; and 4) the potential effect of high levels of en-
dogenous a-amylase activity in the samples, and the effect of
preharvest sprouting. If wholemeal of such materials were to be
screened for pasting properties, the results would be biased by the
amylase present in the sample, and the results would not be com-
parable with those from purified starch. Ideally, the wholemeal
samples should be treated to eliminate the effect of a-amylase
activity before they are used for screening desirable starch pasting
properties associated with noodle quality. Various chemical treat-
ments have been reported to inhibit amylase activity and conse-
quently improve the pasting profile of sprout-damaged wheat, e.g.,
HCO followed by neutralizaton with NaOH, AgNO3, HgCl2 , cyclo-
heptaamylose, and EDTA (Meredith and Pomeranz 1982, Hutch-
inson 1966, De Haas et al 1978, Kim and Hill 1984, Kickhaefer
and Walker 1995). Crosbie and Lambe (1993) found that treat-
ment of severely sprouted grain with 0.5 mM AgNO3 gave flour
swelling volume (FSV) results that were highly correlated with the
eating quality of boiled noodles derived from sound grain.

Furthermore, little information is available on the paste charac-
teristics associated with the eating and textural qualities of YAN.
The main ingredients of YAN are flour, water, and an alkaline salt
solution called kansui or "lye water" which imparts the typical
yellow color and the characteristic chewy texture to the noodles.
Due to the alkaline salts, the pH of the noodles ranges from 9-11.
Thus, the pasting properties of starch in YAN is influenced by the
presence of salt and high alkaline conditions.
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ABSTRACT



Before large-scale screening of many thousands of lines for
starch-related traits, it was necessary to establish appropriate
methodology for the diverse classes of end uses potentially of
interest, including WSN, YAN, and other noodle variants. Hence,
the present study aimed at finding whether the pasting profile of
starch in plain water is predictive of how the starch would behave
in the presence of salt and high pH. The study was also aimed at
finding whether the pasting profiles of wholemeal were compara-
ble to those of starch, which would obviate the need for tedious
starch purification procedures and increase the rapidity of screen-
ing of genotypes for variation in starch pasting properties. To
eliminate the possible effect of a-amylase on the pasting charac-
teristics of wholemeal, 0.5 mM AgNO 3 was used in the RVA
analysis.

MATERIALS AND METHODS

Wheat Samples
The samples used for this study comprised 21 Iranian hexaploid

wheat landraces and six U.S. commercial wheat samples. The
landraces are from a large collection held at the University of
California, Davis, and subject to a series of ongoing investigations
(e.g., Jafari-Shabestari et al 1995). Five U.S. commercial cultivars
(Klasic, Serra, Calorwa, Cavalier, and Yecora Rojo) were supplied
by the University of California, Davis. A sample of U.S. hard red
winter (HRW) grain with the trade name Red Bicycle, widely
used commercially for making noodles in Hong Kong, was ob-
tained from Hong Kong Flour Mills, Kowloon, Hong Kong.

Twenty-one Iranian hexaploid wheat landraces were selected at
random from a larger collection of some 250 lines under study in
our laboratory. These landraces form part of a large base collec-
tion of some 12,000 accessions, known to harbor a wide genetic
diversity in quality-related traits, and were also supplied by the
University of California, Davis. The landraces used in this study
were numbered as accession LR1 to accession LR21 in order of
decreasing starch peak viscosity in water.

Sample Preparation
Starch was isolated from wheat grains using a labor-intensive

protease digestion method, which according to Morrison et al
(1984) and McDonald and Stark (1988), would result in starch
granules of high purity with maximum recovery of B-granules,
high yields of starch (=65%), representative particle size distribu-
tion, and a low protein content (=0. 1-0.2%). Wholemeal was pre-
pared by grinding in an Udy Cyclone sample mill (Udy Corp., Ft.
Collins, CO) fitted with a 0.5-mm sieve.
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Fig. 1. Double heating and cooling cycle of Rapid Visco-Analyzer past-
ing profile for wheat starch: peak viscosity (Peak); hot paste viscosity at
95°C in the first and second cycle (HPV1 and HPV2), and cold paste
viscosity at 50°C in the first and second cycle (CPVl and CPV2); and
temperature profile.

Proximate Analysis
Duplicate moisture determinations were made using a rapid micro-

wave oven method (Davis and Lai 1984). Protein content (N x
5.7) and diastatic activity of wholemeal were determined in dupli-
cate by standard methods 46-1lA and 22-16, respectively, (AACC
1995). Total starch content of wholemeal was analyzed using the
Megazyme Total Starch Assay Kit (Megazyme Australia, Warrie-
wood, Australia).

Differential Scanning Calorimetry (DSC)
DSC analyses were performed in duplicate using a Mettler

DSC-20 differential scanning calorimeter (Mettler-Toledo AG
Instruments, Naenikon-Uster, Switzerland) equipped with a Met-
tler TC11 data analysis station. Approximately 3.0-3.5 mg (dwb)
of starch was weighed directly into a tarred aluminum crucible
and distilled water was added to obtain a starch-to-water ratio of
1:2 (w/w, dwb). The crucible was hermetically sealed and allowed
to equilibrate for 1 hr before analysis. Samples were heated from
30 to 1 10°C at the rate of 10°C min-'. An empty crucible was used
as a reference. Gelatinization was recorded as onset (To), peak (Tp)
and completion (Ta) temperatures, and energy of enthalpy (AH)
was computed using the data processing software supplied with
the DSC-20 instrument.

Pasting Profile Determination
A Rapid Visco-Analyser model 3-D (RVA) (Newport Scientific

Pty. Ltd., Narrabeen, Australia) was used to study the pasting be-
havior of wheat starch and wholemeal samples. Wholemeal (4.0
g) or starch (3.0 g), each at 14% mb, were mixed with 25 g of
accurately weighed distilled water or treatment solution, in a dis-
posable aluminum RVA sample canister. Four treatments were
applied to study the pasting properties of starch and wholemeal
for each wheat genotype. 1. Control. The samples were mixed
with distilled water (14% mb). 2. Effect of alkaline conditions.
Most of the water was added, the pH of the slurry was adjusted to
11.0 by dropwise addition with constant stirring of iN NaOH,
then the rest of the water, corrected for the addition of sodium
hydroxide, was added to make up 25 g of solution. 3. Effect of
salt. 2% (w/v) NaCl solution was added to the samples instead of
water. 4. Combined effect of salt and high pH. The sample was
mixed with 2% NaCl solution to make the sample slurry and the
pH of the slurry was adjusted to 11.0 as in treatment 2 by adding
IN NaOH. In addition, a further treatment was applied to whole-
meal only. 5. Inactivation of a-amylase in wholemeal samples. A
0.5 mM AgNO3 solution was used instead of distilled water; no
pH adjustments were made.

A disposable plastic stirring paddle was placed in the sample
canister to mix the contents continuously during the programmed
heating and cooling cycle. A double heating and cooling cycle was
employed: the sample slurry was held at 50°C for 1 min, heated
from 50 to 95°C at the rate of 6°C min-', held at 95°C for 5 min
and then cooled to 50°C at the same rate, where it was held for 1
min before repeating the cycle once again. The mean values for
peak viscosity (Peak), hot paste viscosity at 95°C (HPV1), rate of
breakdown (Peak - HPV1), cold paste viscosity at 500 C from the
first cycle (CPV1), setback (CPV1 - HPV1), and the cold paste
viscosity from the second cycle (CPV2) were recorded (Fig. 1).
Previous studies in our laboratory indicated that the double heat-
ing and cooling cycle might be more effective in some applica-
tions in enhancing discrimination among samples with similar
first peak viscosity (Corke et al, in press). Two replicates were
used in each case.

RESULTS AND DISCUSSION

Gelatinization Characteristics of Starch
Table I summarizes the gelatinization behavior of starch

obtained from the standard cultivars and the landraces, as exam-
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