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The independent effects of flour protein and starch on textural proper-
ties of Chinese fresh white noodles were investigated through reconstitu-
tion of fractionated flour components. Noodle hardness decreased with 
decreased protein content, whereas it unexpectedly increased as protein 
content decreased to a very low level (7.0%). Noodle cohesiveness, ten-
sile strength, and breaking length increased with increased protein con-
tent. Higher glutenin-to-gliadin ratio resulted in harder and stronger noodles 
at constant protein content. Increased starch amylose content resulted in 

increased flour peak viscosity. When water absorption remained the same 
during noodle making, hardness and cohesiveness of cooked noodles also 
increased with increased starch amylose content, while springiness did not 
vary significantly. Increased starch damage of ≈5.5–10.4% effectively 
improved noodle hardness; however, starch damage >10.4% decreased it. 
Increased starch damage also enhanced noodle springiness while it de-
creased cohesiveness. 

 
Flour noodles including fresh white, fresh yellow, dry, and in-

stant are widely consumed wheat (Triticum aestivum) products in 
China and other Asian countries. Appearance, taste, cooking qual-
ity, and texture are all critical characteristics for Asian noodle con-
sumers. A number of studies have evaluated the effects of major 
flour components, protein, and starch on the textural properties of 
various types of noodles. High-protein noodles were firmer when 
cooked than low-protein noodles (Miskelly and Moss 1985; Oh et 
al 1985a; Crosbie et al 1999; Park et al 2003). SDS sedimentation 
volume is a protein quality parameter significantly correlated with 
maximum cutting and compression stress of cooked white and 
yellow Chinese noodles (Huang and Morrison 1988). Recently, 
Park and Baik (2009) reported that tensile strength of fresh and 
cooked noodles, as well as hardness of cooked noodles, increased 
linearly with increased gluten incorporation. In contrast to the 
many studies on protein and starch, very limited studies investi-
gated the effects of protein fractions on noodle texture. Oh et al 
(1985a) proposed that high molecular weight glutenin accounted 
for the different cutting stress of cooked noodles. Hu et al (2007) 
investigated the effects of protein fractions on the quality of white 
salted noodle by statistical methods. Soluble glutenin content was 
positively related to cutting firmness of cooked noodle, while the 
insoluble glutenin content was positively correlated with thickness, 
hardness, and cutting firmness. In contrast, monomeric proteins 
composed of albumin, globulin, and gliadin was not related to 
these textural parameters. Although many studies showed that the 
glutenin-to-gliadin ratio had marked influences on dough proper-
ties and loaf quality (Pechanek et al 1997; Uthayakumaran et al 
1999; Wieser and Kieffer 2001), little is known about its effects 
on noodle texture. 

Starch is the highest portion of wheat flour; thus, its properties 
are very important for noodle texture. Starch properties such as 
high swelling power and paste viscosity have been reported as 
desirable for textural properties of white salted noodles (Crosbie 
1991; Panozzo and McCormick 1993). However, low paste vis-
cosity was related to superior qualities of Chinese yellow alkaline 
noodles (Akashi et al 1999). Components of starch such as the 
amylose content also was related to noodle texture. Toyokawa et 
al (1989) indicated that increased levels of amylose were related 
with improved firming and decreased elasticity of cooked Japa-
nese noodles. Noda et al (2001) showed that low amylose content 

was associated with good quality of white salted noodle. Guo et al 
(2003) reported that, with the addition of waxy flour to wild-type 
flours, the hardness, gumminess, and chewiness of cooked Asian 
salted noodles significantly decreased whereas cohesiveness, spring-
iness, and resilience increased. Baik and Lee (2003) obtained simi-
lar results by reconstitution of starch and protein using waxy and 
regular starch blends to produce white salted noodles. 

Starch damage of flour, one important parameter of the milling 
process, also influenced noodle texture. Oh et al (1985b) reported 
that increased starch damage reduced both internal and surface 
firmness of cooked dry noodles. Recently, Hatcher et al (2008) 
showed that for kansui (sodium and potassium carbonates at 9:1 
ratio) noodles, maximum cutting stress increased as starch damage 
increased, while it decreased for sodium hydroxide noodles. For 
both noodles, springiness decreased as starch damage increased. 
More recently, Hatcher et al (2009) reported that cooked yellow 
alkaline noodles prepared from starch with low damaged flours 
within any given particle size range, regardless of the type of al-
kali employed, yielded the most rheologically elastic-like (firmer) 
noodles. Nevertheless, to date, little information about the effect 
of starch damage on the quality of Chinese fresh white noodles 
was available. 

The objective of this study was to examine the effects of flour 
protein and starch including protein content, glutenin-to-gliadin 
ratio, starch amylose content, and starch damage on textural prop-
erties of cooked Chinese fresh white noodles using fractionation 
and reconstitution methods. 

MATERIALS AND METHODS 

Materials 
Wheat grain was a commercial mixture of hard red winter wheat 

grown in Henan province, China, in 2004. Straight-grade flour 
was prepared using a Buhler laboratory mill at the Zhengzhou 
Grain College, Henan University of Technology. Protein (N × 5.7), 
total starch, and ash contents of flour generated were 11.6, 65.7, 
and 0.58% (w/w) on a moisture basis (14%), respectively. The 
amylose content in starch was 30.0% (w/w) and starch damage 
was 5.5% (w/w). To obtain a high level of starch damage, the 
wheat flour was further comminuted in a pulverizer (model FDV, 
Yu Chi, Taiwai), which resulted in starch damage of 12.9% (w/w). 
Waxy wheat starch with an amylose content of 1.32% (w/w) was 
kindly provided by the Henan Academy of Agrigultural Sciences 
(Zhengzhou, China). 

Analytical Methods 
Moisture, protein, total starch, ash, and starch damage were de-

termined by Approved Methods 44-15.02, 46-13.01, 76-13.01, 
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08-01.01, and 76-30.02 (AACC International 2010), respectively. 
Amylose content was assayed according to the National Standard 
of China GB/T 15683-1995. Flour pasting properties were deter-
mined in duplicate using a Rapid ViscoAnalyser (RVA, model 3D, 
Newport Scientific, Warriewood, NSW, Australia) as described by 
Konik et al (1994). 

Fractionation of Flour 
Flour was fractionated into gluten, starch, and water solubles 

using the method described by Oh et al (1985a) with some modi-
fications. Flour (150 g, 14% mb) was mixed with 80 mL of dis-
tilled water for 4 min using a Hobart N50 mixer (North York, 
Canada). The dough was placed in a beaker containing 200 mL of 
chilled distilled water for 20 min and gently kneaded with one 
hand, then the liquid phase was decanted. Washing and kneading 
steps were repeated with a series of amounts of chilled water (2 × 
150 mL, 4 × 100 mL, 4 × 75 mL, and 6 × 50 mL). After each 
wash step, the liquid phase was drained through a 32-mesh screen 
and collected. Small pieces of dough or gluten on the screen were 
added back to the dough mass. The filtrate was centrifuged at 
1,000 × g for 20 min to obtain water solubles and starch. 

Gluten mass, water solubles, and starch were lyophilized, ground 
in a mortar, and passed through an 80-mesh sieve (200 μm open-
ings). The quantities isolated were gluten 19–21 g, 14% mb; 
starch 108–111 g; and water solubles 8–10 g with a recovery of 
dry solids of 92–95%. 

Fractionation of Gluten 
Glutenin-rich and gliadin-rich fractions were isolated from glu-

ten using dilute HCl solution (MacRitchie 1985). Freeze-dried 
gluten powders (30.0 g, 14% mb) were stirred with 600 mL of 
dilute HCl (2 × 10–3 mol/L) in a mixer for 5 min, followed by 
centrifugation at 2,000 × g for 10 min. Supernatant (gliadin-rich 
fraction) was decanted into a beaker and sediment (glutenin-rich 
fraction) was transferred to another beaker. Both fractions were 
brought to pH ≈ 6 by addition of 0.1M NaOH solution. Fractions 
were lyophilized, ground in a mortar, and passed through an 80-
mesh sieve with 180 μm openings. The quantities isolated were 
gliadin-rich fraction 10.1–11.5 g, 14% mb; glutenin-rich fraction 
17.2–18.4 g. The contents of glutenin and gliadin in the original 
flour, gluten, and glutenin-rich and gliadin-rich fractions obtained 
were determined in triplicate according to the procedure described 
by Wang et al (1999) with modifications. Briefly, 6.0 g of flour or 
3.0 g of gluten or its fractions (14% mb) was placed in a beaker. 
Then 50 mL of 0.5M NaCl was added. The slurry was stirred for 
2 hr followed by centrifugation at 2,000 × g for 15 min. Protein 
(salt-soluble proteins) content of supernatant was determined by 
Approved Method 46-13.01 (AACC International 2010). Sediment 
was then extracted three times with 35, 35, and 30 mL of 70% 
(v/v) ethanol for 2, 2, and 1 hr, respectively. After centrifugation, 
the supernatants were pooled and the protein (gliadins) content 
was determined. The glutenin content in the sample was calcu-
lated by subtracting the amount of salt and ethanol-soluble protein 
from total protein. 

Reconstitution of Flours 
Gluten and starch were brought to ≈14% moisture by hydration 

in a closed container as described by Chung et al (1981). Varied 
gluten or starch amounts were added to the original flour to gen-
erate protein contents of 7.0, 9.3, 14.3, 16.9, and 19.6% (w/w), 
respectively. 

Gluten and glutenin-rich and gliadin-rich fractions were added 
to the original flour to generate varied glutenin-to-gliadin ratios of 
0.87, 0.97, 1.20, and 1.49, respectively. During this process, pro-
tein content was kept constant at 120%. Waxy wheat starch and 
regular starch isolated from the original flour were incorporated 
into the original flour for generating varied amylose contents of 
21.7, 23.8, 25.8, 27.9, and 30.0% (w/w), respectively. During this 
process, protein content was kept constant at ≈9%. 

The original and finely comminuted flours were blended at dif-
ferent ratios to generate varied amounts of starch damage at 5.5, 
7.1, 8.9, 10.4, and 12.9% (w/w), respectively. 

Production of Raw Noodle 
Noodle samples were made from original and reconstituted 

flours as described in our previous study (Lu et al 2009). The 
flour (100 g, 14% mb) and tap water (35 mL) were mixed into 
noodle dough in a Hobart N50 mixer for 30 sec at slow speed and 
then for 4 min at medium speed. The stiff dough obtained was 
allowed to sit in sealed containers at room temperature for 30 
min. Next, the dough was sheeted eight times in a noodle making 
machine (6YM-220-250, Chongqing, China). For the initial pass, 
the roll gap was 2 mm. The sheeted dough was then doubled over 
and passed through the same gap again. Then the roll gap was 
adjusted to 3.5 mm and dough passed it once. After that, dough 
passed five more times through roll gaps that reduced progres-
sively to 1 mm. Finally, the dough sheet was cut into 2 mm-wide 
noodles. The raw noodles were placed in a zip-lock bag and stored 
at 4°C for no longer than 24 hr before cooking. 

Analysis of Noodle Texture 
Noodles (20 strips, 10 cm in length for compressive test; 12 

strips, 18 cm in length for tensile test) were cooked for 4 min in 
200 mL of tap water maintained at a rolling boil. The cooked 
noodles were placed in 200 mL of water (20°C) for 3 min, drained 
for 30 sec, and analyzed by compressive (texture profile analysis, 
TPA) and tensile tests using the TA-XT2i texture analyzer (Scars-
dale, NY; Stable Micro Systems, UK). Three replicates of cooked 
noodles were prepared for these experiments. 

TPA of cooked noodles was performed with the same holder 
and attachments described by Epstein et al (2002). A set of three 
strands of cooked noodles was placed in parallel on a flat metal 
plate. Instrument settings were compression mode, trigger type, 
auto-20 g; pretest speed, 2.0 mm/sec; posttest speed, 0.8 mm/sec; 
test speed, 0.8 mm/sec; strain, 70%; interval between two compres-
sions, 1 sec. From the force-distance curves generated, three tex-
ture parameters can be obtained: hardness (g), springiness (ratio), 
and cohesiveness (ratio). 

A tensile test was performed with another probe described by 
Seib et al (2000). One strand was positioned on the upper and 
lower L-shaped hook (the lower L-shaped hook was fixed to the 
texture analyzer), and an increased tensile load was applied until 
breakage occurred. Instrument settings were extension mode, 
trigger type, auto-0.5 g; pretest speed, 2.0 mm/sec; posttest speed, 
10 mm/sec; test speed, 2.0 mm/sec; original distance between the 
two L-shaped hooks, 100 mm. From the force-distance curves 
obtained, two texture parameters were obtained: tensile strength 
(the tensile force at break) and breaking length (the walking dis-
tance of the upper L-shaped hook at break). 

For each replicate of cooked noodles, five determinations (TPA 
and tensile test, respectively) were made. But the highest and 
lowest values were discarded, thus only three strands were used 
for data analysis. 

Statistical Analyses 
Analysis of variance (ANOVA) was performed using SPSS 

v.13.0 for Windows. Significance of differences was defined at P 
< 0.05 with Duncan’s multiple range test. 

RESULTS AND DISCUSSION 

Effects of Protein Content and Glutenin-to-Gliadin  
Ratio on Noodle Texture 

Incorporation or reconstitution methods of specific wheat flour 
components have been widely conducted to specifically demon-
strate functions on the quality of wheat products. In the present 
study, gluten or starch was added to the original flour to investi-
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gate the effects of flour protein content on the quality of Chinese 
fresh white noodles. As shown in Fig. 1A, noodle hardness did 
not change significantly when protein content in the flour varied 
at 9.3–14.3%. However, when protein content was >14.3%, noodle 
hardness increased sharply, which was in accordance with many 
previously reported results for other types of noodles (Miskelly 
and Moss 1985; Crosbie et al 1999; Park et al 2003, 2009). Inter-
estingly, when protein content was reduced to 7.0%, noodle hard-
ness unexpectedly increased (Fig. 1A). The reason for this may be 
related to water absorption. Park et al (2003) reported that opti-
mum water absorption of noodle dough decreased as protein con-
tent increased because flours with low protein content require 
more water for forming a uniform protein matrix and making a 
continuous noodle sheet with good handling properties. When the 
same amount of water is used for preparation of noodles from 
flours of varying protein contents, the dough made of flour with 
low protein content would feel much drier, resulting in noodle 
dough sheets of different dimensions. Because water absorption 
was not optimized in the preparation of noodles in the present 

work, the dry noodle dough obtained at the low protein content 
probably led to the increased hardness of noodles. Noodle spring-
iness (Fig. 1B) varied insignificantly at low protein levels, but it 
increased remarkably at high protein contents. Similarly, cohesive-
ness of noodles (Fig. 1C), significantly increased with the incre-
ment of protein contents, which suggested that the more gluten in 
the flour, the greater the ability of noodles to stick to themselves. 
Moreover, tensile strength and breaking length of cooked noodles 
also increased as protein content was enhanced (Fig. 1D and E.) 
This relationship between noodle tensile strength and protein 
content was consistent with that reported by Park et al (2009). 
Therefore, it can be concluded that gluten incorporation into flour 
effectively improves noodle texture. However, starch incorpora-
tion generally impairs noodle textural characteristics, except hard-
ness. 

As shown in Fig. 2A, higher glutenin-to-gliadin ratios with con-
stant protein content resulted in harder noodles, which agreed with 
the conclusion that gluten fractions of high molecular weight con-
tributed to hardness of noodles (Oh et al 1985a; Hu et al 2007). 

 

Fig. 1. Effects of protein content on hardness (A), springiness (B), cohesiveness (C), tensile strength (D) and breaking length (E) of cooked noodles. 
Means followed by the same letter are not statistically different (P < 0.05). 
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While noodle springiness did not change as much as glutenin-to-
gliadin ratio, it significantly decreased at the ratio of 0.97 as com-
pared to 1.49 (Fig. 2B). Increased glutenin-to-gliadin ratio (Fig. 
2C and D) led to increased noodle tensile strength while not af-
fecting breaking length. It has been suggested that gliadins gener-
ally contribute to dough viscosity, while glutenins contribute to 
dough elasticity (Khatkar and Schofield 1997). Uthayakumaran et 
al (1999) reported that increased glutenin-to-gliadin ratio was 
associated with increased maximum resistance to extension (equi-
valent to tensile strength) and decreased dough extensibility. Ac-
cording to the present study, breaking length of cooked noodles 
was significantly increased at low or high glutenin-to-gliadin ratios, 
which differed from the relationship between glutenin-to-gliadin 
ratios and extensibility of raw dough. Because low molecular 
weight (LMW) glutenin proteins strongly aggregated upon heat 
treatment (Feillet et al 1989), it is not hard to understand why 
breaking length of cooked noodles was increased at high glutenin-
to-gliadin ratios in this study. 

Effects of Amylose Content on Flour Pasting Properties  
and Noodle Texture 

Konik et al (1994) suggested that the RVA viscosity parameters 
(except peak viscosity) of starch and flour were correlated with 
each other; however, the RVA parameters of flour were better cor-
related with the eating quality of yellow alkaline noodle than those 
of starch. As can be seen in Table I, flour peak viscosity, break-
down, final viscosity, and setback consistently increased, as amy-
lose content increased from 21.7 to 30%, whereas peak time and 
pasting temperature did not vary significantly. These results were 
consistent with that of Hayakawa et al (1997), which demonstrated 
that peak viscosity and setback of waxy wheat starch was much 
lower than the nonwaxy wheat. However, these results did not agree 
with reports that amylose content was negatively correlated with 

peak viscosity of purified starch (Collado et al 1999; Black et al 
2000; Baik et al 2003). The contradiction may be due to the dif-
ferent starch concentrations used for pasting property tests (Baik 
et al 2003). 

Amylose content remarkably influenced noodle quality; Fig. 
3A indicates that significant increases in amylose content were 
associated with increases in noodle hardness when protein con-
tents was kept constant, which was consistent with many previous 
studies (Toyokawa et al 1989; Seib 2000; Baik et al 2003; Guo et 
al 2003). Toyokawa et al (1989) suggested that high amylose led 
to a rigid and tight structure through decreasing water absorption, 
which may explain the increases in noodle hardness. Interestingly, 
springiness of noodles did not change significantly when amylose 
content increased (data not shown), which was consistent with the 
results of Baik et al (2003). However, cohesiveness of noodles 
was significantly elevated when starch amylose content increased 
(Fig. 3B), which was inconsistent with the results of Baik et al 
(2003) and Guo et al (2003). This discrepancy was possibly attrib-
uted to two factors: the different sources of waxy wheat starches 
used to adjust the amylose content and water absorption used for 
making noodles. Not only the amylose-to-amylopectin ratio but 
also other important chemical properties of starch would affect 
the noodle texture (Batey et al 1997). Waxy starch has higher water 
absorption than regular starch. Accordingly, to have similar dough 
mixing and sheeting properties, increased amounts of water should 
be used in preparation of noodles from flour of low amylose con-
tent. Otherwise, there could be increased gluten development and 
large differences in the dimension of dough sheets and noodles. 
However, fixed water absorption for making noodles was adopted 
in the present study. Therefore, the relative shortage of water 
amount in mixing dough from flour of low amylose content could 
result in a corresponding decrease in noodle cohesiveness that may 
be mainly dependent on gluten development of noodle dough. 

 

Fig. 2. Effects of glutenin-to-gliadin ratio on hardness (A), springiness (B), tensile strength (C) and breaking length (D) of cooked noodles. Means fol-
lowed by the same letter are not statistically different (P < 0.05). 
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Effects of Starch Damage on Noodle Texture 
As starch damage increased (Fig. 4A), hardness of noodles in-

creased linearly, reaching a maximum level of 10.4%, while fal-
ling to a low value thereafter. It has been suggested that higher 
starch damage generally results in lower firmness for cooked dry 
noodles, while a slight increase in starch damage (<6%) increases 
internal firmness of cooked noodles prepared from the pin-milled 
soft wheat flours (Oh et al 1985b). In addition, when starch dam-

age increased, maximum cutting stress of kansui noodles increased 
whereas that of sodium hydroxide noodles decreased (Hatcher et 
al 2008). We found moderate increases in starch damage (5.5–
10.4%) effectively improved the hardness of white noodles while 
too much starch damage reduced it. Springiness of noodles (Fig. 
4B) was significantly enhanced with increased starch damage, 
which was, however, different from the results of Hatcher et al 
(2008) for yellow alkaline noodles. It was well known that dam-

TABLE I
Relationships Between Amylose Content in Starch (%) and RVA Pasting Properties of Floura 

Amylose Content Peak Viscosity (cP) Breakdown (cP) Final Viscosity (cP) Setback (cP) Peak Time (min) Pasting Temp (°C) 

21.7 1,999e 812d 2,097e 910e 5.89a 62a 
23.8 2,138d 863d 2,293d 1,018d 5.87a 63a 
25.8 2,254c 927c 2,439c 1,112c 5.92a 63a 
27.9 2,478b 1,038b 2,696b 1,257b 5.89a 63a 
30.0 2,641a 1,155a 2,874a 1,388a 5.87a 63a 

a Means within the same column followed by the same letter are not statistically different (P < 0.05). 

 

Fig. 3. Effects of starch amylose content on hardness (A) and cohesiveness (B) of cooked noodles. Means followed by the same letter are not statistically 
different (P < 0.05). 

 

Fig. 4. Effects of starch damage on hardness (A), springiness (B), and cohesiveness (C) of cooked noodles. Means followed by the same letter are not 
statistically different (P < 0.05). 
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aged starch has higher water absorption than intact starch. As a 
result, when the same amount of water is used for making noodles 
from flours of varying starch damage, the dough made with flour 
of high damaged starch content should be drier than that with 
flour of low damaged starch content, This may explain the un-
usual increases of hardness and springiness of noodles when starch 
damage increased in this study. Figure 4C shows noodle cohesive-
ness was significantly reduced when starch damage was >7.1%. 
High levels of damaged starch likely goes against the develop-
ment of raw noodle dough by competing with proteins for water. 
It also disrupts the integrity of the gluten protein network to a 
great extent by an excessive swelling of starch granules upon 
cooking, thereby reducing cohesiveness of cooked noodles. 

CONCLUSIONS 

Protein content, glutenin-to-gliadin ratio, starch amylose con-
tent, and starch damage had significant effects on textural proper-
ties of cooked Chinese fresh white noodles. When water absorption 
was fixed during noodle making, hardness of noodles decreased 
with decreased protein content, whereas it unexpectedly increased 
at a very low protein level of 7.0%. Noodle cohesiveness, tensile 
strength, and breaking length increased with increased protein 
content. The ratio of glutenin-to-gliadin had a positive effect on 
noodle hardness and tensile strength when protein content was 
constant. Increased starch amylose content led to increased hard-
ness and cohesiveness of cooked noodles. Increased starch dam-
age (at 5.5–10.4%) effectively improved noodle hardness. How-
ever, too much of it impaired noodle hardness. As it increased, 
noodle springiness was enhanced but cohesiveness was decreased. 

ACKNOWLEDGMENTS 

This research has been supported financially by the National Natural 
Science Foundation of China (21076061, 31071617 and 30600420) and the 
Doctoral Research Fund of Henan University of Technology (150339). 

LITERATURE CITED 

AACC International. 2010. Approved Methods of Analysis, 11th Ed. 
Methods 44-15.02, 46-13.01, 76-13.01, and 08-01.01. Available online 
only. AACC International: St. Paul, MN.  

Akashi, H., Takahashi, M., and Endo, S. 1999. Evaluation of starch prop-
erties of wheats used for Chinese yellow-alkaline noodles in Japan.  
Cereal Chem. 76:50-55. 

Baik, B. K., and Lee, M. R. 2003. Effects of starch amylose content of 
wheat on textural properties of white salted noodles. Cereal Chem. 
80:304-309. 

Batey, I. L., Gras, P. W., and Curtin, M. 1997. Contribution of the chemi-
cal structure of wheat starch to Japanese noodle quality. J. Sci. Food 
Agric. 74:503-508. 

Black, C. K., Panozzo, J. F., Wright, C. L., and Lim, P. C. 2000. Survey 
of white salted noodle quality characteristics in wheat landraces.  
Cereal Chem. 77:468-472. 

Chung, O. K., Shogren, M. D., Pomeranz, Y., and Finney, K. F. 1981. 
Defatted and reconstituted wheat flours. VII. The effects of 0–12% 
shortening (flour basis) in bread making. Cereal Chem. 58:69-73. 

Collado, L. S., Mabesa, R. C., and Corke, H. 1999. Genetic variation in 
the physical properties of sweet potato starch. J. Agric. Food Chem. 
47:4195-4201. 

Crosbie, G. B. 1991. The relationship between starch swelling properties, 
paste viscosity and boiled noodle quality in wheat flours. J. Cereal Sci. 
13:145-150. 

Crosbie, G. B., Ross, A. S., Moro, T., and Chiu, P. C. 1999. Starch and pro-
tein quality requirements of Japanese alkaline noodles (ramen). Cereal 
Chem. 76:328-334. 

Epstein, J., Morris, C. F., and Huber, K. C. 2002. Instrumental texture of 
white salted noodles prepared from recombinant inbred lines of wheat 
differing in the three granule bound starch synthase (waxy) genes. J. 
Cereal Sci. 35:51-63. 

Feillet, P., Ait-mouh, O., Kobrehel, K., and Autran, J. 1989. The role of 
low molecular weight glutenin proteins in the determination of cooking 

quality of pasta products: An overview. Cereal Chem. 66:26-30. 
Guo, G., Jackson, D. S., Graybosch, R. A., and Parkhurst, A. M. 2003. 

Asian salted noodle quality: Impact of amylose content adjustments us-
ing waxy wheat flour. Cereal Chem. 80:437-445. 

Hatcher, D. W., Edwards, N. M., and Dexter, J. E. 2008. Effects of particle 
size and starch damage of flour and alkaline reagent on yellow alkaline 
noodle characteristics. Cereal Chem. 85:425-432. 

Hatcher, D. W., Bellido, G. G., and Anderson, M. J. 2009. Flour particle 
size, starch damage, and alkali reagent: Impact on uniaxial stress relax-
ation parameters of yellow alkaline noodles. Cereal Chem. 86:361-368. 

Hayakawa, K., Tanaka, K., Nakamura, T., Endo, S., and Hoshino, T. 1997. 
Quality characteristics of waxy hexaploid wheat (Triticum aestivum 
L.): Properties of starch gelatinization and retrogradation. Cereal Chem. 
74:576-580. 

Hu, X. Z., Wei, Y. M., Wang, C., and Kovacs, M. I. P. 2007. Quantitative 
assessment of protein fractions of Chinese wheat flours and their con-
tribution to white salted noodle quality. Food Res. Int. 40:1-6. 

Huang, S., and Morrison, W. R. 1988. Aspects of proteins in Chinese and 
British common (hexaploid) wheats related to quality of white and yel-
low Chinese noodles. J. Cereal Sci. 8:177-187. 

Khatkar, B. S., and Schofield, J. S. 1997. Molecular and physicochemical 
basis of breadmaking-properties of wheat gluten proteins: A critical ap-
praisal. J. Food Sci. Technol. 34:85-102. 

Konik, C. M., Mikkelsen, L. M., Moss, R., and Gore, P. J. 1994. Relation-
ships between physical starch properties and yellow alkaline noodle 
quality. Starch 46:292-299. 

Lu, Q. Y., Guo, S. Y., and Zhang, S. B. 2009. Effects of flour free lipids on 
textural and cooking qualities of Chinese noodles. Food Res. Int. 
42:226-230. 

MacRitchie, F. 1985. Studies of the methodology for fractionation and 
reconstitution of wheat flours. J. Cereal Sci. 3:221-230. 

Miskelly, D. M., and Moss, H. J 1985. Flour quality requirements for 
Chinese noodle manufacture. J. Cereal Sci. 3:379-387. 

Noda, T., Tohnooka, T., Taya, S., and Suda, I. 2001. Relationship between 
physicochemical properties of starches and white salted noodle quality 
in Japanese wheat flours. Cereal Chem. 78:395-399. 

Oh, N. H., Seib, P. A., Ward, A. B., and Deyoe, C. W. 1985a. Noodles VI. 
Functional properties of wheat flour components in oriental dry noodles. 
Cereal Foods World 30:176-178. 

Oh, N. H., Seib, P. A., Ward, A. B., and Deyoe, C. W. 1985b. Noodles 
IV. Influence of flour protein, extraction rate, particle size, and starch 
damage on the quality characteristics of dry noodles. Cereal Chem. 
62:441-446. 

Panozzo, J. F., and McCormick, K. M. 1993. The rapid viscoanalyser as a 
method of testing for noodle quality in a wheat breeding programme. J. 
Cereal Sci. 17:25-32. 

Park, S. J., and Baik, B. K. 2009. Quantitative and qualitative role of 
added gluten on white salted noodles. Cereal Chem. 86:646-652. 

Park, C. S., Hong, B. H., and Baik, B. K. 2003. Protein quality of wheat 
desirable for making fresh white salted noodles and its influences on 
processing and texture of noodles. Cereal Chem. 80:297-303. 

Pechanek, U., Karger, A., Gröger, S., Charvat, B., Schöggl, G., and Lelley, 
T. 1997. Effect of nitrogen fertilization on quantity of flour protein com-
ponents, dough properties, and breadmaking quality of wheat. Cereal 
Chem. 74:800-805. 

Seib, P. A. 2000. Reduced-amylose wheats and Asian noodles. Cereal 
Foods World 45:504-512. 

Seib, P. A., Liang, X., Guan, F., Liang, Y. T., and Yang, H. C. 2000. Com-
parison of Asian noodles from some hard white and hard red wheat 
flours. Cereal Chem. 77:816-822. 

Toyokawa, H., Rubenthaler, G. L., Powers, J. R., and Schanus, E. G. 1989. 
Japanese noodle qualities. II. Starch components. Cereal Chem. 66:387-
391. 

Uthayakumaran, S., Gras, P. W., Stoddard, F. L., and Bekes, F. 1999. 
Effect of varying protein content and glutenin-to-gliadin ratio on the 
functional properties of wheat dough. Cereal Chem. 76:389-394. 

Wang, J. S., Chen, Y. C., Zhang, C. F., and Bian, K. 1999. Study on chan-
ges in wheat glutenin during dough processing. (In Chinese) J. Zheng-
zhou Grain College 20:12-14. 

Wieser, H., and Kieffer, R. 2001. Correlations of the amount of gluten 
protein types to the technological properties of wheat flours determined 
on a micro-scale. J. Cereal Sci. 34:19-27. 

[Received May 5, 2010. Accepted January 5, 2011.] 


	MATERIALS AND METHODS
	Materials
	Analytical Methods
	Fractionation of Flour
	Fractionation of Gluten
	Reconstitution of Flours
	Production of Raw Noodle
	Analysis of Noodle Texture
	Statistical Analyses

	RESULTS AND DISCUSSION
	Effects of Protein Content and Glutenin-to-Gliadin Ratio on Noodle Texture
	Effects of Amylose Content on Flour Pasting Properties and Noodle Texture
	Effects of Starch Damage on Noodle Texture

	CONCLUSIONS
	ACKNOWLEDGMENTS
	LITERATURE CITED



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black Ink - ISO Coated v2 300% \050ECI\051)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for submission to The Sheridan Press. Configured for Adobe Acrobat Distiller v8.0 02-28-07.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


