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ABSTRACT

Fourteen flour blends of two natural wild-type wheat (Triticum
aestivum L.) flours, ‘Nuplains’ and ‘Centura’, blended with one waxy
flour sample were characterized and processed to Asian salted noodles.
The flour amylose content range was <1-29%. Damaged starch contents
were 10.4, 7.0, and 6.6% for the waxy wheat, Nuplains, and Centura,
respectively. The waxy flour farinograph water absorption was as high as
79.5%, ~20% higher than the wild-type flours. Because two types of
starch granules (wild-type and waxy) existed in the flour blends, two
peaks at 82°C (waxy) and 95°C (wild-type) were found in the RVA
pasting curves. Reduced amylose content caused high flour swelling
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volume and power and low falling number. Significant effects of flour
amylose content on noodle processing and textural (eating) qualities were
found in the study. Noodle qualities, as reflected in covariate analysis,
were not significantly affected by the flour blend’s protein content, SDS-
sedimentation volume, mixograph dough development time, or mixo-
graph tolerance score. The absence of covariate (protein quantity and
quality) effects for the food system (flour) used in this study is a very
desirable design for the functional studies of starch components. The
optimal flour amylose content range for Asian salted noodle products was
21-24%.

Wheat (Triticum aestivum L.) starch, as the most abundant
component in wheat flour, is composed of two types of glucose
polymers, amylose and amylopectin. Amylose has long linear chains
of D-glucopyranose units joined by o (1—>4) linkages. Amylo-
pectin has highly branched structures, has a high molecular
weight, and contains both o (1—-4) and a (1—6) linkages of D-
glucopyranose units (Lineback and Rasper 1988). Chemical compo-
sition, such as the amylose content or amylose-to-amylopectin
ratio, determines thermal and pasting properties of starch that
control the quality of final products and product shelf life. The
structure, phase transitions, and interactions of starch with food con-
stituents attract considerable research interest (Biliaderis 1992).

As in other plants, the synthesis of wheat amylose seems to be
governed by the granule-bound starch synthase I (GBSS, EC
2.4.1.21); GBSS is also called waxy protein (Graybosch 1998).
Amylopectin synthesis is much more complicated (Ball et al
1996). Common wheat has three genetic loci encoding GBSS.
When all three GBSS genes are present and functional, the grain
is referred to as wild-type (Bettge et al 2000). The typical amylose
content of wild-type wheat is 27 + 2% based on total starch.
When endosperm starch is composed exclusively or predominantly
of amylopectin (i.e., the plant lacks all functional GBSS genes), it
is referred to as glutinous or waxy (Erikkson 1969). When only
one or two GBSS genes are functional, the grains have inter-
mediate levels of amylose and are referred to as partially waxy
(Nakamura et al 1992, 1993a,b; Yamamori et al 1994). Waxy endo-
sperm has been identified in several crops including maize, rice,
barley, sorghum and amaranth (Erikkson 1969). Although wheat is
one of the most significant cereal crops in the world and improvement
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of its grain quality is desirable, the waxy mutations have not been
identified in most hexaploid wheat (Otobe et al 1997). Because
waxy wheat starch is amylose-free, waxy flour shows unique starch
thermal and pasting properties (Zeng et al 1997; Graybosch et al
2000).

Among Asian noodles, the salted noodle product is very popular
in most Asian countries such as China, Japan, and Korea (Huang
1996; Nagao 1996; Hou 2001). Flour components contribute to
the final noodle product quality, including both protein quantity
and quality (Oh et al 1983; Huang and Morrison 1988; Baik et al
1994; Crosbie et al 1999), starch characteristics (Moss 1980;
Toyokawa et al 1989; Konik et al 1993, 1994; Hatcher et al 2002),
lipids (Mohri 1980; Rho et al 1989; Jun et al 1998a), and color-
related enzymes (Miskelly 1984; Hatcher and Kruger 1993;
Kruger et al 1994a,b; Vadlamani and Seib 1996). As early as
1977, Nagao and coworkers found that certain Australian wheats
had distinct flour gelling temperatures and gave superior noodle
quality. This was one of the first indications that starch properties
were important for noodle quality (Zhao et al 1998). The study
results of Moss (1980) also indicated that the high pasting strength
of starch was the most important factor governing the eating quality
of Japanese white noodles (udon). Low starch paste viscosity was
desirable for Chinese-type noodles (ramen). Oda et al (1980) found
there were good correlations between amylogram values and amylose
content with udon sensory eating qualities. Higher starch and flour
paste peak viscosity, lower gelatinization and peak temperatures,
higher breakdown, and higher swelling power and volume resulted
in better Asian salted noodles (Endo et al 1988; Crosbie 1991;
Panozzo and McCormick 1993). Lower amylose contents were
related to higher starch swelling properties and better noodle qual-
ities (Miura and Tanii 1994; Wang and Seib 1996; Jane et al 1999;
Noda et al 2001). A higher proportion of A-type (large) starch
granules, lower protein content (quantity) but higher protein
quality, and softer grain texture (hardness) gave better salted
noodle qualities (Konik et al 1993; Black et al 2000). Australian
Standard White (ASW) wheats from Western Australia, which
have many of the traits listed above, are the preferred wheats for
Asian salted noodle products, especially for udon (Crosbie 1991;
Konik and Miskelly 1992).

Asian noodle customers use noodle color (including raw noodle
discoloration), surface appearance, texture, taste, and weight gain
during cooking as the main discriminating criteria for determining
quality (Lee et al 1987; Konik and Miskelly 1992; Hatcher et al
2002). Instead of any single flour constituent, many factors com-
bine to influence the noodle qualities (Miskelly and Moss 1985).
In breadbaking and flour milling, Graybosch et al (1993) found no
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single biochemical component capable of explaining more than
41% of the variation in any given quality parameter. Similarly, no
single biochemical component was highly related to all quality
attributes (Graybosch et al 1993). Crosbie (1991) reported that
flour swelling volume accounted for 48% of the variation asso-
ciated with noodle texture scores. Baik et al (1994) indicated that
both protein content and quality should be considered in the
evaluation of flour suitability for making oriental noodles. Batey
et al (1997) found that the relationships between starch properties
and Japanese noodle quality were complex. These workers also
found that, while unrelated to each other, both the amylose content
and the amylopectin structure appeared to be important for noodle
quality. Therefore, when screening noodle wheats, consideration must
be given to starch properties, the level and strength of protein,
grain hardness, flour granulation, and enzyme activity (Konik and
Miskelly 1992; Jun et al 1998b).

To study the complex flour dough system, fractionation and
reconstitution methods have been used widely in functionality
studies of flour components for over 50 years (Rho et al 1989).
With the availability of waxy or partial waxy wheats, it becomes
possible to allow food scientists to manipulate wheat amylose
content without dilution of wheat gluten (Graybosch 1998; Graybosch
et al 1998). This study attempts to determine the impact of amylose
content on Asian salted noodle quality.

MATERIALS AND METHODS

Wheat Samples

One hard white wheat, ‘Nuplains’ (N), and one hard red wheat,
‘Centura’ (C), were selected for this study. Both cultivars are wild-
type wheats that were planted in Clay Center, NE, in 2000. A
waxy wheat sample, obtained from a composite of waxy wheat
experimental lines planted in Yuma, AZ, in 2000, was used to
manipulate wheat flour amylose content.

Wheat Milling

All three wheat samples used in the study were milled into
straight-grade flours using a Buhler laboratory mill according to
Approved Method 26-21A (AACC 2000). The flour yields range
was 66.1-71.5%.

TABLE I
Formulation of Asian Salted Noodles

Ingredient Amount (g) % , Flour Basis
Flour (14% mb) 35 100

Salt? 0.7 2.0
Water® adjusted adjusted

2 Salt dissolved in water.
® Amount of water determined from wild-type and waxy flour ratios in the
flour blend and the farinograph water absorption (FWA) values.

TABLE II
Noodle Dough Sheeting Procedures

Roll Speed (rpm)? Roll Gap (mm)P
17 2.54¢

17 2.54¢

17 2.54

26 2.54

26 2.18

26 1.81

26 1.45

2 Roll speeds are controlled using a Powerstat 3PN116C variable auto-
transformer (Warner Electric, Bristol, CT).

b Settings 1-4 on an Atlas electric pasta machine (O.M.C. Marcato, Campo-
darsego, Italy).

¢ Dough sheet folded before repassing through rolls.
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Wheat Flour Blends

The waxy flour was blended with each of the two wild-type
flours (N and C) using seven blending ratios. There were a total of
14 (2x7) flour blends. The percentage waxy flour in blends was 0,
10, 20, 30, 40, 50, and 100%, respectively. A Korean commercial
noodle flour (Dachan Flour Mills, Seoul, Korea) was used as a
reference flour.

Flour Characteristics

Flour protein content (%N x 5.7), falling number (FN), pasting
properties using the Rapid Visco Analyser (RVA) (Newport Scien-
tific, Warriewood, NSW, Australia), mixograph dough characteris-
tics, and dough farinograms were determined according to Approved
Methods 46-30, 56-81B, 76-21, 54-40A, and 54-21, respectively
(AACC 2000).

Flour SDS sedimentation volume was measured using modi-
fications of Approved Methods 56-61A and 56-70 (AACC 2000).
Both SDS and bromphenol blue reagents were used with 2.0 g of
flour at a 14% moisture basis.

Total starch content was measured (Servi-Tech Laboratories,
Hastings, NE), and damaged starch content was tested (Medallion
Laboratories, Minneapolis, MN). Flour color was measured using
a chroma meter (CR-300, Minolta Camera Co., Ltd., Chuo-Ku,
Osaka, Japan). The L* (brightness or whiteness), a* (redness and
greenness), and b* (yellowness and blueness) values were deter-
mined. Flour swelling volume and swelling power were deter-
mined using the method of Crosbie et al (1992).

Apparent amylose contents were determined using two methods.
In the first method, flour was dispersed in dimethyl sulfoxide
(DMSO), and the modified colorimetric iodine (I,) binding method
of Knutson and Grove (1994) was followed. In the second method,
differential scanning calorimetry (DSC) was used (Mestres et al
1996). Purified amylose from wheat starch was used to prepare a
standard curve for the iodine (I,) binding method, and blends of
purified wheat starch amylose and amylopectin were used to
generate the calibration curve for the DSC method. Flour from
wheat cultivar Scout 66 was used as a standard (defined amylose
content) sample in both methods for further sample calibration.

Noodle Preparation
A mixer (KitchenAid model KSM103WW, 4.5 quart) with a flat
blade was used for dough mixing, and an electric pasta machine
(Atlas, O.M.C. Marcato, Campodarsego, Italy) was used for dough
sheeting and cutting. The noodle formula is shown in Table I.
Water addition was calculated as

Water (mL) = (%wild x %FWAL1 x 61% + %waxy ()
X WFWA2 x 52%) x 35

where %wild and %waxy were the percentages of wild-type flour
and waxy flour in the flour blend, respectively; %FWA1 and
%FWA?2 were the farinograph water absorptions of wild-type
flour and waxy flour, respectively.

The dough making steps were 1) mix dry flour 10-15 sec at
60/196 rpm; 2) add salt solution within 30 sec, and continue
mixing another 30 sec; 3) stop mixing and carefully clean dough
from the mixer blade; 4) restart mixing at 60/196 and 95/311 rpm
for 1 min at each speed; 5) cover the mixer bowl with a piece of
wet cloth and rest dough for 5 min; 6) resume mixing at 95/311
rpm for another 3 min. Dough was then hand-shaped into a bar (11
cm long and 5 cm wide). The bar was placed into a plastic bag and
rested for 20 min.

After resting, the dough bar was sheeted through a pair of rolls
(& 25 mm) by following the procedures outlined in Table II, and
cut into noodle strips.

The width of noodle strips was 2.0 mm. Noodle processing
properties, including the dough characteristics during mixing,
sheeting, and cutting, were descriptively recorded.



Noodle Color Measurement

Fresh noodle color and color after storage (4 and 24 hr) were
measured with a chroma meter (Minolta CR-300). The L* (bright-
ness or whiteness), a* (redness and greenness), and b* (yellow-
ness and blueness) values were determined.

Noodle Cooking and Evaluation

Noodles were cooked after one day of storage in sealed plastic
bags at 21°C. A propane gas stove (model no. 5435B700, Coleman
Co., Wichita, KS ) and a 1.5 quart (16 cm diameter) nonstick pan
(Calphalon Corporation, Toledo, OH) were used for noodle
cooking. Noodles (25 g) were placed into 300 mL of boiling dis-
tilled water and continuously cooked in the boiling water for 3 min.
During cooking, noodles were stirred gently to prevent sticking to
the bottom of the pan.

After cooking, the hot water was drained by pouring the noodles
and cooking water into a 20-cm diameter colander. The noodles
were cooled by immediately immersing into running tap water
(27°C) and immersing again 10 times. After cooling, the water
was drained by shaking the colander 10 times.

Noodle weight gain during cooking was calculated as

Weight gain (%) = ([noodle weight after cooking/noodle weight before (2)
cooking] — 1) x 100

Noodle total weight gain during cooking is then calculated by
transforming noodle weight gain to the dry flour weight base.
Noodle cooking loss was measured using the procedure outlined
in Approved Method 66-50 (AACC 2000).

Texture profile analysis (TPA) was conducted using the method
of Hou et al (1997). TPA values for hardness, springiness, cohe-
siveness, adhesiveness, gumminess, and chewiness were obtained.

Cooked Noodle Sensory Evaluation

Cooked noodle products were subjectively evaluated using
score points for color (0-10), surface appearance (0—10), hardness
(0-20), chewiness (0-25), stickiness (0-25), and taste (0-10).
Total noodle score values were obtained by summing these points.
A Korean commercial flour (Dacham Flour Mills, Seoul, Korea)
was used as a reference; it was assigned a value equal to 90% of
the maximum score for each eating characteristic (equal to a noodle
score of 90). The noodle with high score was preferred.

Experimental Design and Statistical Methods

The treatment factors were the two wild-type wheat cultivars
and seven waxy flour blending ratios. The experimental design can
be considered a split-plot. The whole plots are the two wild-type
flours, and the subplots are the seven flour blends. Because the
initial data analysis results (Proc Mixed Covtest option, Wald Z-
tests) of both our previous investigations and this study indicated
that the experiment runs (replicates) had no block effects, the
whole-plot experimental design was a completely randomized
design (CRD). There were three replicates in this study. With this
experimental design, both cultivar and blending ratio effects can
be tested simultaneously; higher testing accuracy will be given to
the blending ratios than to the wheat cultivars.

The statistical analysis system (SAS Institute, Cary, NC), PC-
SAS software and procedures were used for all statistical analyses.
An analysis of variance (ANOVA) was performed using SAS Proc
Mixed procedures for each noodle characteristic. Mean comparisons
among blending ratios were conducted using Duncan’s multiple
range test (a0 < 0.05). When there were no cultivar effects or
cultivar-ratio interactions on noodle quality responses, the covariate
effects of protein content and dough characteristics were analyzed.

TABLE III
Means of Flour Characteristics®
Farinograph Rapid Visco Analyzer® Total Starch
Sample WA DT ST PT PVT PV BD SB FV (%, DB) DS (%)
KCF¢ 58.8¢ 1.7¢ 4.5¢ 68.6a 95.1a 244a 105b 148a 286a 79.6a 6.3b
Centura 59.5b 4.0b 52.5a 68.6a 95.0a 186d 75¢ 110c 221b 75.8b 6.6b
Nuplains 59.7b 7.0a 17.8b 68.6a 95.0a 219b 68d 132b 283a 77.0b 7.0b
Waxy 79.5a 5.0b 2.1d 68.6a 82.2b 211c 137a 26d 101c 77.0b 10.4a

2 Values followed by the same letter in the same column are not significantly different (P < 0.05).

b WA = water absorption (%); DT = dough development time (min); ST = dough stability time (min).

¢ PT = pasting temperature (°C); PVT = peak viscosity temperature (°C); PV = peak viscosity (RVU); BD = breakdown (RVU); SB = setback (RVU); FV = final
viscosity (RVU).

d Damaged starch content (total starch basis).

¢ Korean commercial noodle flour.

TABLE IV
Mean Values of Flour Characteristics and Noodle Qualities®?
% Flour Protein Amylose SDSV FN Mixograph® Noodle TPAY

Wild Waxy (%) (%) (mL) (sec) WA DT TS HD GU CH AD (6(0] RE SpP WtG* (%)
KCF 0 9.5¢ 27.2b 23.1c 508ab 60.0 4.7b 3.0c 635¢ 289¢ 263¢  -11.5b  0.4556d 0.2203b 0.9064c 191.5ab
Centura 0 13.7a 29.1a 41.2a 471b 63.0 5.7a 5.0a 778a 367a 348a -14.4c 0.4721c 0.2201b 0.9476b 169.2¢
Nuplains 0 12.5b 28.6a 40.4a 547a 63.0 4.3b 4.0b 762a 360a 34la  -122b  0.4729¢ 0.2352b 0.9469b 182.6b
90 10 13.0ab 26.4b 41.2a 403c 634  4.4b 4.0b 679 321b 304b  -10.5b  0.4731c 0.2308b 0.9460b 182.1b
80 20 13.0ab 23.7¢c 40.6a 331d 63.8 4.2bc 3.0c 595d 284c 269¢  -104b  0.4779bc 0.2328b 0.9465b 186.2b
70 30 12.9ab 20.8d 40.6a 264e 642  4.1bc 3.0c 551e 265d 254c  -11.2b  0.4808bc 0.2344b 0.9599b 189.9ab
60 40 12.8b 17.6e 40.6a 189f 64.6 3.3c 2.5cd 504f 244e 234d  -10.5b  0.4844a—c  0.2326b 0.9578b 192.2ab
50 50 12.7b 15.5f 39.6a 111g 65.0 3.2¢ 1.8d 471 230e 222d  -102b  0.4895ab 0.2324b 0.9660b 192.6ab

0 Waxy 12.5b 0.8g 32.5b T4g 67.0 2.0d 0.5e 348¢g 172f 177e —1.6a 0.4959a 0.2589a 1.0298a 198.2a

2 Values followed by the same letter in the same column are not significantly different (P < 0.05).

> When name of wild-type flour was not given, data were overall mean values of blends from both Centura and Nuplains with the same waxy flour ratios.
Protein (%N x 5.7), 14% moisture basis; amylose content on a total starch basis; SDSV = SDS sedimentation volume; FN = falling number.

¢ WA = water absorption (%); DT = dough development time (min); TS = tolerance score (0-7).

d Texture profile analysis (TPA) of cooked noodle: HD = hardness (g); GU = gumminess (g); CH = chewiness (g); AD = adhesiveness (g x sec); CO =
cohesiveness (ratio); RE = resilience (ratio); SP = springiness (ratio).

¢ Total weight gain based on dry flour weight.
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Correlation analysis between flour amylose content and noodle
quality parameters was also conducted.

RESULTS AND DISCUSSION

Flour Blend Characteristics

The protein contents of the three parental flours (Centura,
Nuplains, and waxy) used for blending were 13.7, 12.5, and 12.5%,
respectively. The waxy dough was relatively weak; farinograph
dough stability time and mixograph dough tolerance scores were
low. Nevertheless, when compared with the Korean commercial
flour (KCF), the waxy dough needed a relatively longer time to be
developed in the farinograph (Tables III and IV). For KCF used in
this study, both the protein quantity and strength (SDS-sedimentation
volume and dough strength) were lower than that of the wild-type
flours. The relative dough strength is shown with farinograms in
Fig. 1.

One of the waxy flour’s unique characteristics was unusually
high farinograph water absorption (FWA) (79.5%) which was ~20%
higher than the wild-type flours (Table III). This is likely due to its
>99% amylopectin starch content, which likely traps and holds
more water than regular starch. Lee et al (2001) found that crumb
moisture content was significantly higher in bread with waxy starch
than in bread without waxy starch after seven days of storage at
4°C. Because of the unusually high water absorption of waxy
flour, a lower fraction of the farinograph water absorption was used
for waxy flour (52%) to calculate the amount of water needed
during noodle processing than for wild-type flour (61%).

Waxy Flour . M
o ) ) , .ot

[

Korean Flour

Nuplains

Centura

Fig. 1. Waxy and wild-type flour farinograms.

14+
134 | OSV (mL/g) a
121 | WSP (gle)
11-
10 b b

Swelling Volume and Power
b
o

0-40% 50% 100%

% Waxy Flour

KCF

Fig. 2. Flour swelling volume (SV) and swelling power (SP). Korean
commercial noodle flour (KCF). Bars labeled with the same letter are not
significantly different (P < 0.05).
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Bettge et al (2000) studied the susceptibility of waxy starch
granules to mechanical damage and found that waxy starch granules
were much less resistant to mechanical damage than wild-type
starch granules. The damaged starch values of flours used in this
study confirmed Bettge’s observations. Waxy flour damaged starch
content (10.4%) was higher than the damaged starch contents of
wild-type flours (6.6-7.0%) (Table III). All the wheats were
milled with the same Buhler laboratory mill under the same condi-
tions. Similar results were also found in waxy and nonwaxy durum
wheats by Grant and colleagues (2001). The lack of amylose-
related hydrogen bonding in waxy starch may cause a decreased
resistance to crushing and a concomitant increase in starch damage
when milled (Bettge et al 2000). In addition to amylopectin content,
the high starch damage of waxy flour is another major factor
contributing to high farinograph water absorption and resulting
dough rheological properties. Total starch contents of the parental
flours were 75.8% for Centura and 77.0% for both Nuplains and
waxy flour based on the dry flour basis. KCF had the highest total
starch content (79.6%, Table III), and the lowest protein content
(9.5%, Table IV).

Graybosch et al (2000) reported that waxy wheat flours had low
falling numbers in the absence of a-amylase activity. In this study,
the falling numbers of flour blends gradually decreased with the
increased addition of waxy flour (Table IV). When the ratio of
waxy flour was increased to >40%, the falling numbers of flour
blends reached levels typically too low for food use. The low
falling number values, however, were independent of o-amylase
levels. Waxy flour samples attained peak viscosities at a lower
temperature (80°C) than that of typical flour samples (95°C) and
were more susceptible to breakdown under conditions of high
temperature and mechanical shear (Graybosch et al 2000). In fact,
the falling number assay is not effective as a means of assessing
sprout damage in waxy wheats but it might actually be beneficial
in marketing channels as a means of segregating waxy grain
(Graybosch et al 2000).

The cultivar effects on flour swelling properties (volume and
power) were not statistically significant in this study but waxy
flour blending ratios did have an effect. While there were no
significant differences among blends of 0-40% waxy flour for
both flour swelling volume and flour swelling power, higher
blending ratios affected these measures. Statistical analysis results
are shown in Fig. 2.

) KCF
i 95 C
240+ Waxy
=Rk 82 C
> ) i”\\'\
&g | i
f—2 / |
5160— [ !
2 Y Centura
o i \
o | ! \
z | \
> - | N
8 N ——
50% Centura + 50% Waxy
0—} - | ‘ : i ‘ K\lewoo‘n cientific Pty Lt
0

6 9 12 15
Time (min)
Fig. 3. Flour Rapid Visco Analyser (RVA) pasting curves. Temperatures

shown are point of maximum peak viscosity. Korean commercial noodle
flour (KCF).



Flour RVA pasting properties are shown in Table III and Fig. 3.
The waxy flour attained peak viscosity at 82°C while wild-type
flours had peak viscosity temperatures of 95°C. These results
were consistent with previous studies (Hayakawa et al 1997; Otobe
et al 1997; Graybosch et al 2000). Peak viscosity is influenced by
starch characteristics such as the amylose content or amylose-
amylopectin ratio, and the amount of total starch in the flour.
Lower amylose and higher total starch contents cause higher RVA
peak viscosities. Among the three wild-type flours in this study,
Korean commercial flour had the highest total starch content and
lowest amylose content; thus, it showed the highest peak viscosity
value. The lowest total starch content and highest amylose content
of Centura resulted in the lowest peak viscosity number. The peak
viscosity of waxy flour was higher than Centura, lower than
Korean commercial flour, and similar to Nuplains. A large break-
down, small setback, and low final viscosity were also among the
unique pasting characteristics of waxy flour. The blend of waxy
and wild-type flours had both waxy (at 82°C) and wild-type (at
95°C) viscosity peaks (Fig. 3). There were two different types of
starch granules in the flour blend: waxy and wild-types so each
granule type exhibited a particular viscosity profile. Partial waxy
wheat flour or starch, even with the equivalent amylose content to
the blends used in this study, would give RVA curves similar to
that of the wild-type flour, with one pasting peak at 95°C (Haya-
kawa et al 1997; Morris et al 1998).

In studies of starch chemical and functional properties, flour
amylose content measurements are typically required. However, it
is very difficult to measure accurately (Morrison and Laignelet
1983; Jane et al 1999). Two methods, the iodine (I,) binding colori-
metric method (Knutson and Grove 1994) and the differential
scanning calorimetry (DSC) method (Mestres et al 1996), were
used in this study for amylose content testing. These methods
generated equivalent results after further calibration with a
standard sample (Scout 66 defined as having 30% amylose).
Wheat flour, without any further treatment (such as defatting) was
used directly in both methods. The results from the two methods
were highly correlated (r = 0.98, P < 0.0001, n = 15). The
amylose data shown in Table IV were the average values of the
two methods. There were significant differences among all the
flour blends with different waxy flour ratios. The amylose content
range was <1-29% (Table IV).

Noodle Color, Processing, and Cooking Properties

Bright or white color is very important for Asian raw salted
noodle products, and slow discoloration during storage is pre-
ferred (Huang 1996; Nagao 1996; Hou 2001). Both the physico-
chemical properties of wheat or flour and processing procedures
contribute to noodle color. For example, the pigments naturally
occurring in wheat, enzyme activity, metal concentration, ash
content, particle size, and flour starch damage are important to
noodle color and discoloration; protein content and water addition
during food production are also factors (Baik et al 1995; Vad-
lamani and Seib 1996; Park et al 1997a—c).

All the parental flours had a relatively white color; the waxy
flour (94.2% L* value) was a little brighter than Centura (93.3%
L* value) and Nuplains (93.8% L* value). These differences were
statistically significant (P < 0.05) but to the human eye the dry
flours looked similar. The Korean commercial noodle flour had a
superior white color for both the dry flour (94.6% L* value) and
salted noodle product (88.6% L* value). Noodles made of
Nuplains (white wheat) and waxy flour had a whiter initial (fresh)
color than the Centura (red wheat) products, and similar results
were obtained for noodles stored for 4 and 24 hr. Both cultivar and
blending ratio effects on the noodle color and discoloration were
significant (P < 0.05). There were no significant color or dis-
coloration differences (P > 0.05) among blends of 10-50% waxy
flour within either the Centura or Nuplains blend series. The
Korean commercial flour had a better initial noodle color and a

lower discoloration rate than all other products but all the noodles
prepared in this study were acceptable with regard to color and
discoloration rates.

Results of noodle processing characteristics indicated that, with
the addition of waxy flour, especially for 20% and above, the
smoothness of the noodle dough sheet was improved. Noodles
prepared using 100% waxy flour were soft, which might cause an
overstretching problem during dry noodle processing. Processing
characteristics were acceptable for all the salted noodle products
prepared in this study. Water added at 61 and 52% of the deter-
mined farinograph water absorption value was suitable for wild-
type and waxy flour noodles, respectively.

Data analysis results of noodle cooking loss and weight gain
during cooking indicated that there were no significant differences
in cooking losses. However, both cultivar and blending ratio had
significant effects on total weight gain (Table IV). High noodle
weight gain during cooking is desirable. When the percent of
waxy flour was increased, the noodle weight gain became higher.
The 30 or 40% waxy flour blend appeared to attain the curve
inflection point of weight gain vs. waxy flour percent. Noodles
prepared using the Korean commercial flour had a higher weight
gain value than Centura and Nuplains, this might be due to lower
amylose content and higher flour swelling volume and swelling
power (Table IV, Fig. 2).

Noodle TPA Characteristics

Cooked noodle TPA indices, except for adhesiveness, were not
affected by wheat cultivar (P > 0.05), thus TPA data could be
pooled together. These data are analyzed with blending ratios as
the treatment factor (Table IV). With the addition of waxy flour to
wild-type flours (the reduction of flour amylose content), the
hardness, gumminess, and chewiness of cooked noodles were
significantly decreased (P < 0.05) (Fig. 4). Hardness is the force
needed to attain a given deformation; gumminess and chewiness
are the energy (amplified force) requirements to disintegrate or
masticate the noodle for easy swallowing. Japanese and Korean
white noodle products are preferred when they are soft and give a
clear bite, while the Chinese salted noodle is expected to have a
firmer texture. All products require chewing and elastic eating
qualities as well as a nonsticky and smooth mouthfeel (Lee et al
1987; Huang and Morrison 1988; Konik and Miskelly 1992). The
noodle product made from the Korean commercial flour had an
equivalent hardness with the blends containing 10-20% waxy
flour; gumminess and chewiness were at the same level as the
20% and 20-30% waxy flour blends, respectively (Table IV).
Based on the authors’ experience, when the hardness values of
cooked noodles (using the same method as in this study) were
>550 g, the products usually were acceptable (unpublished data).
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Fig. 4. Effects of waxy ratio on noodle textural properties. Korean
commercial noodle flour (KCF).
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Springiness and resilience express noodle tendencies to return
to an undeformed state or shape after a biting force is removed or
after biting down (compressing), respectively. Noodle cohesiveness
refers to the strength of internal bonds that constitute its structure.
In general, high values of these three characters are desirable (Hou
2001). Values of cooked noodle cohesiveness, springiness, and
resilience increased with addition of waxy flour. Similar results
were obtained by Epstein et al (2002). Differences of noodle
springiness and resilience among flour blends of 10-50% waxy
flour were not significant (P > 0.05); noodles exhibited slight dif-
ferences in cohesiveness (P < 0.05) (Table IV). The 100% waxy
flour noodle had outstanding texture properties (springiness, resili-
ence, and cohesiveness) and was much better than all other noodle
products. Noodles from the flour blends and wild-type flours had
higher springiness and cohesiveness values than the Korean com-
mercial flour noodle product in this study (P < 0.05) but there was
no significant difference in the resilience values (P > 0.05).

The degree of stickiness is very critical for Asian noodle products.
Sticky noodles are undesirable, while the sticky characters of rice
products are often preferred. Noodle stickiness is measured as
adhesiveness in the TPA profile; it is the work necessary to separate
the testing probe from the surface of noodle strips. In the TPA
curve, cooked noodle adhesiveness is the area of the negative peak.
There was no significant difference among all the noodles prepared
from blends containing 10-50% waxy flour, Nuplains, and Korean
commercial flour. The pure (100%) waxy flour noodle, however,
had the lowest stickiness (least negative adhesiveness number value),
while the noodle prepared from Centura flour was the stickiest
(Table IV); these noodles were statistically different (P < 0.05).

Adding waxy flour at the appropriate ratio could improve noodle
eating qualities such as stickiness or cohesiveness without degra-
ding others. These improvements could be especially applied to
Centura, a typical hard red winter wheat (HRWW) flour. As expected,
the 100% waxy flour noodle had the softest texture. This product
had superior springiness properties, cohesiveness, and a nonsticky
characteristic (Table IV).

Covariate Effects: Protein Quantity and Quality

In this study, wheat flour blends were used to make the noodles.
There were no fractionating and reconstituting treatment methods
used. This system would be the same as could be used in food
processing or flour milling industries. With the increase in percent
waxy flour, the amylose content decreased. The amylose content
of Centura (29.1%) did not differ from that of Nuplanis (28.6%) at
the 5% significance level. Different blending ratios represented
the variation of amylose contents. When the blending ratio was
changed, however, other flour quality characteristics such as
protein content and dough strength were also altered. A crucial
area to investigate was whether effects of blending ratio on noodle
qualities were caused by the variation in amylose content or by
other nonstarch factors. To answer this question, nonstarch factors
can be treated as covariates of the blending ratio; their effects on
noodle qualities need to be tested. The cultivar effects and cultivar-
ratio interactions were not significant (at 5% level) in this study,
except for noodle weight gain and TPA adhesiveness. For the
experimental design used in this study, the nonsignificant effects
of wheat cultivar and cultivar-ratio interaction enabled testing
covariate effects.

Protein content, mixograph dough development time, and mixing
tolerance score, as well as flour SDS-sedimentation volume were
selected as covariates of the flour blending ratio. Covariate effects
were tested for the noodle TPA hardness, gumminess, chewiness,
cohesiveness, resilience, and springiness. The results indicated
that none of the covariate effects was significant at the 5% level.
As a result, we can assume that the effects of blending ratio on
noodle qualities measured in this study were affected primarily by
flour amylose content.

Treated as covariates, the effects of flour swelling volume and
swelling power were also tested. These results also were not sig-
nificant at the 5% level, and the impact on noodle qualities were
attributed to the blending ratio (the variation of amylose content).
The absence of covariate (both protein quantity and quality) effects
for the food system (flour) used in this study is a very desirable

TABLE V
Correlation Coefficients Among Flour Characteristics and Noodle Qualities (n = 48)
Index® PRO  SDSV DT TS FSP FSV HD AD SP Cco GU CH RE WG
AM ns ns 0.88HFHC  (089FE  _O8GHRE _084FHE  QO2FRE _08FFRE  _O8GWH _068FFF  QOIFKF  O8TFEF 064FEr 060%FF
PRO 0.90% ns ns ns ns ns ns 0.37%* 042 ns ns ns —0.45%#*
SDSV ns 0.34* —0.48##k .50 ns -0.29% ns 031* ns 0.31%* ns —0.41%*
DT 0948 (75%%% 73 0.89#Fx 081+ 072FF 0,667+ 0.88** 0.85%E  0.68%* 0. 84%*
TS —0.79%*%*  _0.80%** 0.94%*%  _078%%*  _0,66%**  —0.59%+* 094 0.93*k  0.62%** .87k
FSP 0.98**x (7285 0.86%** 0.74%% 0.44%% —0.73%%% - 0.70%** 0.63#** 0.57#%
FSV —0.72%%* 0.81%** 0.71%%* 0.44%* —0.73%%%  0,71¥** 0.60%#* 0.58*

4 AM = amylose content; PRO = protein content; SDSV = SDS sedimentation volume; DT = mixograph dough development time; TS = mixograph tolerance
score; FSP = flour swelling power; FSV = flour swelling volume; HD = hardness; AD = adhesiveness expressed with a negative number, the adverse response
of noodle stickiness; SP = springiness; CO = cohesiveness; GU = gumminess; CH = chewiness; RE = resilience; WG = weight gain during cooking.

b Not significant at o < 0.05.
¢ x wx Rk = significantly different at 5, 1, and 0.1% level, respectively.

TABLE VI
Noodle Sensory Scores?
Sample Color (10) Surface (10) Hardness (20) Chewing (25) Stickiness (25) Taste (10) Total Score (100)
KCF® 9.0 9.0 18.0 22.5 22.5 9.0 90.0
Nuplains 7.0 9.0 19.0 22.5 22.5 9.0 89.0
+ 10% Waxy 7.0 9.0 19.0 22.5 22.5 9.0 89.0
+20% Waxy 7.0 9.0 19.0 24.0 24.0 9.5 92.5
+ 30% Waxy 7.0 9.0 18.0 24.0 24.0 9.5 91.5
+ 40% Waxy 7.0 8.5 15.0 22.0 23.0 7.5 83.0
Centura 6.5 9.0 19.0 22.5 21.0 9.0 87.0
+ 10% Waxy 7.0 9.0 19.0 22.5 22.0 9.0 88.5
+20% Waxy 7.0 9.5 19.0 24.0 24.0 9.5 93.0
+30% Waxy 7.0 8.0 17.0 23.0 22.5 9.0 86.5
Waxy 7.0 4.5 11.0 14.0 22.5 5.0 64.0

4 Numbers in parentheses are maximum score points of noodle eating quality characteristics.
b Korean commercial noodle flour; noodles made from this flour were assigned a value equal to 90% of the maximum score points for each attribute.
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design for the functional studies of starch components. It is not
easy to create such a system without resorting to fractionation and
reconstitution procedures that tend to alter food components. The
availability of waxy wheat flour makes these studies possible and
the conclusions drawn from this kind of system should be more
useful than those from fractionation and reconstitution studies.

Amylose Impact

Considerable research has focused on the relationship between
amylose content, starch pasting and swelling properties, and Asian
noodle quality, especially for udon noodle products (Zeng et al
1997; Noda et al 2001). Table V shows the Pearson correlations
between amylose content and the flour and noodle characteristics
studied in our research.

No significant (at 5% level) relationships between flour amylose
and protein quantity (protein content) or quality (SDS-sedimentation)
were found (Table V). Dough mixograph properties, specifically
dough development time and tolerance score, however, were
highly correlated to flour amylose content. The doughs of low
amylose flour blends needed shorter times to formed and had low
mixing tolerances because the waxy flour used in this study had
weak gluten and more water was added during mixograph testing.
The inverse effects of amylose content on flour swelling prop-
erties can be explained by waxy starch structure and unique pasting
and thermal properties. Waxy flour or starch was gelatinized and
attained peak pasting viscosity at much lower temperatures than
the wild-type samples. Others have indicated that the highly
branched waxy starch (amylopectin, amylose-free) structure, especi-
ally long branch chains (DP > 35), contribute to enhanced swelling
properties (Sasaki and Matsuki 1998; Jane et al 1999). We also
found a close relationship (r = 0.87, P < 0.0001) between flour
amylose content and falling number. Graybosch et al (2000) similarly
found that a low pasting peak temperature (80°C) and high sus-
ceptibility to breakdown under high temperature (95°C) and
mechanical shear of a waxy flour paste cause low falling number
values. A dough system, however, is sophisticated, and inter-
actions within and between flour constituents contribute to dough
properties and final product qualities. Blends of both waxy and
wild-type flours gave two RVA pasting peaks (Fig. 3). When the
waxy ratio was low, the first (waxy) peak was shown only as a
small shoulder.

As expected, flour amylose content greatly affected noodle
qualities. The correlations between amylose content, noodle weight
gain, and all TPA indices were highly significant (P < 0.001)
(Table V). Noodles made from higher amylose content flour had
higher hardness, gumminess, and chewiness characteristics (positive
correlations) (Fig. 4), while noodle TPA springiness, cohesiveness,
and resilience values were lower (negative correlations). Seib (2000)
also indicated that increased flour swelling ability, decreased paste
gel rigidity, and enhanced deformation of gelatinized starch granules
caused by reducing amylose content contributed to high noodle
springiness and soft texture. We observed that a low flour amylose
content contributed to a reduced stickiness in noodles; a negative
correlation between amylose and noodle adhesiveness was found
for these noodles (noodle adhesiveness is expressed as a negative
number; decreasing amylose increases the negative adhesiveness
value, implying the dough is less sticky). In fact, the correlation
between flour amylose content and noodle stickiness was positive.
Huang and Hoseney (1999) reported that the compound causing
sticky dough was a water-soluble material containing both a carbo-
hydrate and UV-absorbing material. They proposed this compound
was a trans-ferulic acid moiety attached to a mixed-linkage B-
glucan chain of ~71 anhydroglucose units. To further clarify the
cause of noodle stickiness, more investigations are required.

The noodle cooking properties of the reduced amylose flour
were preferred, providing high noodle weight gain values. There
was not a close relationship between amylose content and noodle
cooking loss in this study. Seib (2000) suggested that the high water

absorption and water-holding ability due to the highly branched
starch structure of low amylose content flours accounted for the
enhanced noodle weight gain attribute, but that fewer lipids asso-
ciated with waxy starch might be the root cause of this phenom-
enon.

White raw flour blend color (whiteness, L* value) was highly
and negatively correlated to the amylose content (r = -0.71, P <
0.0001), but only the color of noodles stored for 4 hr was
negatively related to amylose content (r = —-0.34, P = 0.03).
Neither noodle initial color nor the color of 24-hr stored products
was correlated to flour amylose content. There was significant
correlation between amylose content and 4-hr raw noodle
discoloration (r = 0.49, P = 0.001). These correlations indicated
that our low amylose content flour blend would be favored for
Asian salted noodle products because of the initial white color of
the dry flour and slower noodle discoloration values. However, the
Korean commercial flour that had 27% amylose content had superior
noodle color and very slow discoloration. This suggests that
factors other than flour amylose content, contribute more strongly to
noodle color and discoloration, and correlations between amylose
content and flour or noodle color are probably happenstance.

Optimal Amylose Contents

Noodles prepared from all the flour blends were subjectively eval-
uated for eating qualities. Noodles made from a Korean commer-
cial noodle flour were used as a quality reference and assigned a
value equal to 90% of the maximum score for each eating
characteristic. Selected sensory results are shown in Table VL.

When the addition of waxy flour to Nuplains (HWWW) was
30% or less, the noodle eating quality was improved (Table VI).
Total sensory scores of Nuplains blends with 20 and 30% waxy
flour were higher than the reference; but 40% or more waxy flour
addition reduced the noodle eating qualities due to the dramatic
decrease in noodle hardness and taste. Similarly, the optimal addi-
tion level of waxy flour for Centura (HRWW) was 20%. There-
fore, the optimal amylose content range for Asian salted noodle-
making appeared to be 21-24% under the conditions used in this
study. Batey et al (1997) found there was no linear correlation
between amylose content and noodle eating quality, and indicated
that the optimum amylose content seemed to be 22%. Not all the
flours with the optimal amylose content, however, will confer
superior noodle quality, and vice versa. In addition to amylose
content, other flour or dough characteristics, noodle formulation,
processing, and cooking procedures together contribute to the
overall noodle quality (Batey et al 1997; Seib 2000).

CONCLUSIONS

Waxy flour and flour blends with different amylose content
levels were characterized. The waxy flour sample showed unusually
high (79%) farinograph water absorption, even though the waxy
dough was weak. Flour blends with amylose contents between <1
and 29% were used to prepare Asian salted noodles. The quanti-
tative and qualitative parameters related to flour proteins of the
flours used in this study had no effects on noodle properties, while
the amylose content was closely related to noodle processing and
eating qualities. Slightly reduced amylose content conferred superior
salted noodle quality, and the optimal amylose content range appeared
to be between 21 and 24%.
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