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ABSTRACT

Starches from potato, corn, sweet potato, and rice were compared with
mung bean starch for their suitability for producing kuanfen, Chinese flat
starch noodles. Significant differences were found in the chemical com-
position and swelling power among starches (P < 0.05). Maximum tensile
stress and maximum tensile strain was highest for kuanfen made from
mung bean starch and sweet potato starch, respectively. Higher work was
needed to break kuanfen made from mung bean and sweet potato starches.
Kuanfen made from mung bean starch was most favored by panelists,
followed by those from sweet potato starch. General acceptability of
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kuanfen correlated positively and significantly with chewiness, cohesive-
ness, and elasticity of the noodles. For predicting sensory acceptability of
kuanfen using instrumental methods, correlation was performed between
sensory variables and tensile parameters. Results showed that work-to-
break correlated significantly with chewiness, elasticity, and general accept-
ability while maximum tensile strain correlated significantly with sensory
cohesiveness. Therefore, both of these two tensile parameters could be
useful for predicting the textural properties of kuanfen.

Starch noodle is one of the traditional oriental foods popularly
consumed both as a staple food and in cooked dishes throughout
Asian countries (Kasemsuwan et al 1998; Collado et al 2001; Liu
and Shen 2007). In China, mung bean starch noodles are called
“glassy noodles” because of their transparent appearance. There
are two types of starch noodles in China: the flat starch noodle
(kuanfen) and the round threadlike starch noodle (fensi). Even
though the same material (mung bean starch) is normally used for
the preparation of both starch noodles, the processing of kuanfen
is totally different from fensi. The preparation of fensi noodles is
well documented. It involves basically mixing native starch with
pregelatinized starch, extruding the prepared dough into boiling
water, cooking, and cooling (Chang et al 2006). On the other
hand, kuanfen is prepared by spreading starch slurry on round
dishes, steaming, cooling, and cutting into long strips.

The structure continuity of fensi noodles is provided by the
ramified three-dimensional networks of short segments strongly
linked to one another by junction zones composed of amylose
crystallites (Mestres et al 1988). Many studies have shown that
starches exert great influence on the final quality of fensi noodles
(Bhattacharya et al 1999; Beta and Corke 2001; Sodhi and Singh
2003). Lii and Chang (1981) noted that an ideal starch for manu-
facturing gluten-free starch noodle should have high amylose
content. Although mung bean starch is considered the best raw ma-
terial for manufacturing starch noodles, its high cost and limited
availability have prompted manufacturers to search for other inex-
pensive replacements. For instance, starches from pigeon pea
(Singh et al 1989), tapioca (Kasemsuwan et al 1998), sorghum
(Beta and Corke 2001), red bean (Lii and Chang 1981), and sweet
potato (Collado et al 2001) have been studied for their suitability
for producing fensi.

Texture of cooked starch noodle is the most important criterion
determining consumer acceptance of the product. Although the
sensory evaluation can be used to assess noodle texture, it is im-
practical when sample size is limited or when large numbers of
lines are to be evaluated in breeding (Edwards et al 1993). Due to
the constraints of sensory evaluation, various instrumental methods
that are quick, accurate, and reproducible have been developed for
measuring the textural properties of starch noodles (Galvez et al

! College of Food Science and Nutritional Engineering, China Agricultural Uni-
versity, No. 17 Qinghua Dong Lu, Haidian District, Beijing, 100083, China.

2 Corresponding author. Phone: +86-10-62736442. Fax: +86-10-62737331. E-mail:
llt@cau.edu.cn; lilite137@ 163.com

doi:10.1094/ CCHEM-84-3-0285
© 2007 AACC International, Inc.

1994; Kasemsuwan et al 1998; Bhattacharya et al 1999; Collado
et al 2001). However, these objective measurements do not always
reflect the actual perception of consumers of the products. Hence
it is necessary to relate the instrumental textural properties to the
actual sensory acceptability to monitor product quality and to facil-
itate product development process.

In China, mung bean, potato, sweet potato, rice, and corn
starches are the raw materials most commonly used in kuanfen
production. Although kuanfen made from these different starches
are widely available in China, the quality of the noodles and the
relationship to the starches have yet to be studied systematically.
In this study, we related the physicochemical properties of starches
isolated from mung bean, potato, corn, sweet potato, and rice to
the final quality of kuanfen. Sensory evaluation was also performed
to decide which sensory properties are important for the good
eating quality of kuanfen. Furthermore, the instrumental method
of evaluating texture of kuanfen was established by correlating
tensile parameters with sensory attributes.

MATERIALS AND METHODS

Starch Samples

Corn starch (nongda 108, harvested in Neimenggu, China, in
2005) was isolated using the method of Sandhu et al (2005). Mung
bean starch was isolated from whole mung bean seed (zhonglv 2,
harvested in Shanxi, China, in 2004) using the method of Schoch
and Maywald (1968) modified by Singh et al (1989). Rice starch
(zhongzao 22, Indica rice, harvested in Fuyang, Zhejiang, China,
in 2005) was isolated by the alkali extraction method of Sodhi
and Singh (2003). These isolated starches were dried in an air
oven at 40°C for =12 hr, then ground with a mortar and pestle,
passed through a 100-mesh screen, and stored at 4°C until used.
Sweet potato and potato starches were purchased from a super-
market in Beijing and used directly without further treatment.

Preparation of Kuanfen

Starch slurry (30 g) (35.5%, db) was prepared with distilled
water. The slurry was homogenized completely with a mixer (Ika
T25 Basic, Ika-Werke Gmbh & Co. KG, Staufen, Germany). After
vacuum degassing (600 mmHg, 10 min), the slurry was spread on
six aluminum dishes (47 mm diameter, 10 mm height) with 4.5 g
of slurry each, then steamed for 10 min in an electric cooker
preheated to 100°C. The cooked sheets were cooled in an air-
conditioned room for 10 min and then cut into strips (43 x 15 mm
for tensile determination, and 30 x 5 mm for sensory evaluation).
Kuanfen noodles were kept at 4°C to retrograde for 24 hr while
covered with plastic film. After retrogradation, they were cooked
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in boiling distilled water until the white core disappeared (=30
sec) and cooled in tap water. Then they were used for tensile
measurement and sensory evaluation.

Chemical Analysis

Moisture, ash, lipid, and protein contents (N x 6.25 for sweet
potato, mung bean, and potato starch; N x 6.24 for corn starch; N
x 5.95 for rice starch) of starches were determined according to
Official Method 922.06 (AOAC International 2000) (Table I).
Apparent amylose content of starches was determined by the
colorimetric method of McGrance et al (1998). For total amylose
content, starches were first defatted before being subjected to the
same colorimetric measurement.

Swelling Power and Solubility

Swelling power and solubility of starches were determined at
30, 45, 60, 75, and 95°C according to Lii et al (1996). Samples of
starch (2 g) were used for each measurement (Fig. 1 A and B).

Tensile Measurements

The tensile properties of kuanfen were measured according to
Lu et al (2003) using a rheometer (Fudoh RT-2002DD, Tokyo,
Japan). The ends of kuanfen were mounted and clamped with
grips on the rheometer. The kuanfen was stretched with a table
speed (V1) of 60 mm/min and force range set to 2 kg. The testing
temperature was controlled at 25°C. The mechanical properties
we report are maximum tensile stress ¢ (maximum tensile force for
kuanfen breaking/initial area of kuanfen, kPa); maximum tensile
strain € (maximum extension/original length of the kuanfen, %);

apparent elasticity modulus E (o/e, kPa); and work-to-break W
(the work applied to kuanfen until it is broken, kg x mm). Each
measurement was replicated six times.

Sensory Evaluation of Kuanfen

Sensory evaluation was conducted in the Sensory Evaluation
Center of the Sino-Japanese Food Research Center, China Agricul-
tural University. Products were evaluated by 10 trained panelists
who were members of a permanent descriptive analysis panel for
kuanfen. Six members of the group were female and four were
male panelists ranging in age from 22 to 35.

Two 20-min training sessions were devoted to texture of
kuanfen. In the first session, texture terminology was discussed
and related to kuanfen texture. Panelists were also told how the
ballot procedure worked and told the procedures for evaluating
each parameter. Unstructured line scales anchored 1 cm from
each end represented extremes of the parameters. In the second
session, panelists practiced using the ballot with five types of
kuanfen. They discussed evaluations and reviewed any definitions
and procedures that caused problems.

Samples were evaluated after cooking and cooling. Panelists
were given five plastic dishes with each dish containing six strands
of one type of kuanfen. Samples were evaluated using the pro-
cedures described on the ballot. Purified drinking water (purchased
in the supermarket) was used to cleanse the mouth between samples.

Statistical Analysis
All tests were performed in triplicate except tensile measure-
ment which was repeated six times. The data collected from this

TABLE I
Chemical Composition (%, db) of Various Starches®
Amylose
Starch Source Lipid Ash Crude Protein Apparent Total Amylose-Lipid Complex?
Mung bean 0.49d (0.05) 0.08¢c (0.02) 0.08d (0.02) 40.35a (0.49) 45.18a (0.58) 10.68c (1.14)
Corn 0.82ab (0.07) 0.13ab (0.03) 0.26b (0.02) 26.81b (0.72) 35.90b (0.87) 25.33b (1.88)
Rice 0.93a (0.06) 0.10bc (0.02) 0.43a (0.03) 23.85d (0.57) 32.06¢ (0.81) 25.61b (0.10)
Sweet potato 0.66¢ (0.05) 0.14ab (0.03) 0.12d (0.03) 25.39¢ (0.09) 27.35d (0.35) 7.16d (0.86)
Potato 0.73bc (0.04) 0.16a (0.03) 0.17¢ (0.02) 22.11e (0.78) 32.14¢ (0.97) 31.25a (0.35)

4 Data in parentheses are standard deviations. Values followed by the same letter in each column are not significantly different (P < 0.05).

b [(Total amylose — Apparent amylose)/Total amylose] x 100.
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study were analyzed by analysis of variance using SAS software
(v.8.2, SAS Institute, Cary, NC). Comparison of means was per-
formed using the Duncan’s multiple range test with the F-value
significant at P < 0.05.

RESULTS AND DISCUSSION

Chemical Composition of Various Starches

Amounts of lipid, protein, amylose (apparent and total), and
amylose-lipid complex differed between starches (P < 0.05). Rice
starch showed the highest lipid and protein contents, while mung
bean starch showed the lowest (P < 0.05). The ash content range
was 0.08-0.16%, with mung bean starch being the lowest, and
potato starch being the highest. The apparent and total amylose
content of mung bean starch were the highest among the five
starches, and total amylose content was higher than that reported
by Chang et al (2006) (30.9-31.1%). Although potato starch had
the lowest apparent amylose content, this starch demonstrated the
highest amylose-lipid complex content (31.25%). Mung bean starch
and sweet potato starch possessed the lowest amylose-lipid com-
plex content.

Swelling Power and Solubility

Swelling power and solubility of all the starches increased with
increasing temperature. At low temperatures (<60°C), no signifi-
cant difference in swelling power was found among the five
starches. At high temperatures (=75°C), however, highest swelling
power was observed in sweet potato starch, followed by mung
bean starch, corn starch, potato starch, and rice starch. Rice starch
showed a drastic increment in swelling power during heating, even
though swelling power was significantly lower than that of mung
bean starch, corn starch, and potato starch at 75°C. Rice starch
swelling power was comparable to those starches when the temper-
ature rose to 95°C. The swelling behavior of a starch relies
primarily on the property of amylopectin, while amylose acts as a
diluent and an inhibitor for swelling, especially in the presence of
lipid (Tester and Morrison 1990; Tester et al 1993). Hence, the
low levels of amylose, lipid, and lipid-amylose complex in sweet
potato starch may result in high swelling power. Similarly, the
relatively low swelling power of corn, potato, and rice starches
may be partially attributed to high lipid and amylose-lipid complex
contents. In another study on wheat starch, however, the swelling
power correlated negatively with amylose content but not with
lipid content (Sasaki and Matsuki 1998). Mung bean starch
possessed the highest amylose content and, at the same time, high

swelling power. The unique molecular structure of amylopectin and
low lipid content might be the reason for the high swelling power
of mung bean starch (Tester and Morrison 1990; Tester et al
1993; Wang and Seib 1996). Changes in solubility of various
starches showed a trend similar to those of swelling power, except
that the solubility of corn and mung bean starches at 95°C was
comparable to that of sweet potato starch.

Tensile Properties of Kuanfen

The tensile properties of kuanfen are summarized in Table II.
The maximum tensile stress (o) for kuanfen made from mung bean
starch was about threefold that of the ¢ value of other kuanfen, indi-
cating kuanfen made from mung bean starch was harder than
those made from other starches. The ¢ value of kuanfen seems to
be highly dependent on the amylose content of starch. Pearson’s
correlation showed that ¢ value was correlated positively and sig-
nificantly with apparent amylose content (r = 0.97, P < 0.01) and
total amylose content (r = 0.94, P < 0.05) of the starches (Table
IID). Like fensi noodles (Mestres et al 1988), structure of kuanfen
is maintained as a ramified three-dimensional network interlinked
by amylose-based crystallites. The higher the amylose content is,
the more rigid gels will form, leading to the harder kuanfen tex-
ture. The correlation between amylose content and noodle hard-
ness in this study was consistent with the results of Toyokawa et
al (1989) on wheat noodles but different from the result of Young
et al (1996) on bean and potato starch noodle in which no signi-
ficant correlation was observed between the two variables.

The highest maximum tensile strain (€) was observed in kuanfen
made from sweet potato starch. The ¢ value was correlated posi-
tively and significantly with swelling power of starches at 95°C
(r=0.92, P <0.05) (Table III).

Miles et al (1985) defines starch gel as a composite material
with swollen starch granules (mainly composed of amylopectin)
filling the amylose gel matrix. High swelling of granules increases
the softness of the amylose gel dramatically (Ring 1985), and the
gels formed are easily deformable.

Apparent elasticity modulus (E) was highly correlated with total
amylose content of the starches (r = 0.98, P < 0.01) (Table III).
The work needed to break a noodle strip (W) was highest for
noodles made from mung bean starch, followed by sweet potato
starch, and lowest for those made from corn starch (P < 0.05).
This tensile parameter was negatively correlated with lipid content
(r=-0.91, P < 0.05) of the starches, but it was positively corre-
lated with apparent amylose content (r = 0.88, P < 0.05) of starches
(Table III). Lipid could form complexes with amylose (Nierle and

TABLE II
Tensile Properties of Cooked Kuanfen Noodles®?

Noodle o (kPa) & (%) E (kPa) W (kg x mm)
Corn 48.29 + 0.82b 26.94 £ 1.07c 179.48 £9.27b 0.96 £ 0.02d
Mung bean 126.77 + 8.04a 4421 +£2.28b 287.37 £ 26.50a 3.50 £ 0.07a
Rice 39.40 + 1.35cd 38.62 + 1.58b 102.17 £5.97¢ 1.20 £ 0.07cd
Sweet potato 34.09 +2.18d 79.54 £ 6.84a 43.09 +4.57d 2.05 +0.24b
Potato 41.86 £3.27¢ 41.07 £2.42b 102.05 + 8.59¢ 1.38 £0.23¢
4 Values followed by the same letter in each column are not significantly different (P < 0.05).
b ¢ = Maximum tensile stress; ¢ = maximum tensile strain; E = apparent elasticity modulus; W = work-to-break.

TABLE III

Pearson’s Correlation Coefficients Between Tensile Variables and Physicochemical Properties®?
Lipid Protein Apparent Amylose Total Amylose Swelling Power at 95°C

c -0.75 -0.61 0.97%%* 0.94* -0.18
€ -0.39 0.72 -0.05 -0.48 0.92%*
E -0.53 -0.84 0.82 0.98%#* -0.49
w -0.91* -0.24 0.88%* 0.64 0.26

4 ¢ = Maximum tensile stress; ¢ = maximum tensile strain; £ = apparent elasticity modulus; W = work-to-break.

b ## [ndicate significance at P = 0.05 and P = 0.01, respectively.
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El Baya 1990). The higher the lipid content of a starch, the more
amylose-lipid complex would form in the gel, which would
inhibit the leaching of amylose and affect the formation of contin-
uous amylose matrix. Thus, the starch gel formed will be weaker
and less work will be needed to break the kuanfen.

Sensory Properties of Kuanfen

Sensory attribute definitions, ballot instructions for evaluating
parameters, and the scales used are shown in Table IV; mean values
for various sensory variables are listed in Table V.

Results for general acceptability showed that noodles from
mung bean starch were most favored by the panelists, followed by
those from sweet potato starch. By contrast, kuanfen noodles made
from corn starch received the lowest score for general acceptability.

Chewiness, cohesiveness, and elasticity of kuanfen made from
mung bean starch and sweet potato starch were quite similar.
Hence, the general acceptability rating of noodles seems to be
governed by chewiness, cohesiveness, and elasticity ratings of the
noodles. Pearson’s correlations showed that general acceptability
was correlated positively with chewiness (r = 0.98, P < 0.05),
cohesiveness (r = 0.89, P < 0.05) and elasticity (r = 0.99, P <
0.01) of noodles (Table VI).

These results showed that, like fensi noodles, consumers per-
ceived chewiness and elasticity as the essential textural properties
for good eating quality of kuanfen (Young et al 1996; Shiau and
Yeh 2001). However, unlike fensi (Young et al 1996) and wheat
noodles (Crosbie et al 1999), hardness, adhesiveness, and slickness
did not greatly affect general acceptability of kuanfen.

TABLE IV
Sensory Analyses Attributes and Definitions Used to Evaluate Cooked Kuanfen Noodle Texture?®
Sensory Attributes Score Definition
Hardness -3 =soft; 3 = hard Force required to bite through the sample with the molars.
Chewiness -3 =not chewy; 3 = very chewy Amount of work to chew the sample until ready to swallow.
Cohesiveness -3 = ruptures easily; 3 = compresses a lot Degree to which the noodles deform rather than crumble, crack, or break when biting
before rupture with molars.
Elasticity -3 = stays compressed; 3 = quickly returns  Degree to which the noodles return to original shape after compressing force of molar
to size and shape teeth is removed.
Adhesiveness -3 = very adhesive; 3 = not adhesive Force of which the noodle adheres to teeth when masticating.
Slickness -3 =not slick; 3 = very slick Maximum ease of passing tongue over the noodle surface when saliva starts to mix with

sample.

General acceptability -3 = very bad; 3 = very good

4 Definitions of hardness, chewiness, cohesiveness, and slickness from Champagne et al (1999).

TABLE V
Sensory Scores for Various Kuanfen Noodles®P
Noodle HD CW co EL AD SK GA
Corn 0.8b 0.4c 0.6d -0.3d 0.6d -1.0d -0.2¢
Mung bean 2.3a 2.3a 1.8b 2.7a 2.4a 2.3a 2.5a
Rice 0.5¢ 0.8b 1.3c 1.0c 1.9b 1.7b 0.8b
Sweet potato -0.3d 2.2a 2.4a 2.1b l.4c 1.9b 2.2a
Potato 0.6¢ 1.0b 1.6¢ 1.1c l.lc -0.1c 1.0b

2 Each value is a mean of 10 scores. Values followed by the same letter in each column are not significantly different (P < 0.05).
> HD = hardness; CW = chewiness; CO = cohesiveness; EL = elasticity; AD = adhesiveness; SK = slickness; GA = general acceptability.

TABLE VI
Pearson’s Correlation Coefficients Between Sensory Variables®P
HD CwW co EL AD SK GA
HD 1
CwW 0.22 1
CcO -0.20 0.87 1
EL 0.16 0.95% 0.86 1
AD 0.54 0.64 0.47 0.80 1
SK 0.18 0.79 0.73 0.87 0.90* 1
GA 0.24 0.98%* 0.89* 0.997%:* 0.74 0.85 1

4 HD = hardness; CW = chewiness; CO = cohesiveness; EL = elasticity; AD = adhesiveness; SK = slickness; GA = general acceptability.

b # Indicate significance at P = 0.05 and P = 0.01, respectively.

TABLE VII
Pearson’s Correlation Coefficients Between Tensile Variables and Sensory Results®?
HD CwW CO EL AD SK GA
c 0.94* 0.53 0.10 0.57 0.67 0.42 0.53
€ -0.48 0.74 0.91* 0.64 0.20 0.58 0.71
E 0.97* 0.17 -0.30 0.20 0.41 0.08 0.15
w 0.66 0.88* 0.58 0.89% 0.77 0.71 0.88*

4 HD = hardness; CW = chewiness; CO = cohesiveness; EL = elasticity; AD = adhesiveness; SK = slickness; GA = general acceptability; ¢ = maximum tensile
stress; € = maximum tensile strain; E = apparent elasticity modulus; W = work-to-break.

b *Indicates significance at P = 0.05.
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Correlation Between Sensory Attributes and Tensile
Parameters of Kuanfen

Texture of cooked starch noodles is the most important charac-
teristic that determines consumer acceptance of the product. The
direct and ultimate method for assessing texture of noodles is by
sensory evaluation. Kim et al (1996) found that cohesiveness as
measured by instrumental methods is useful in rapid screening of
fensi noodles before subjecting them to a more laborious sensory
evaluation. Earlier analysis in this study showed that chewiness,
cohesiveness, and elasticity were important in determining the
general acceptability of kuanfen noodles. Hence, Pearson’s corre-
lation was performed to establish the relationship of these sensory
attributes with tensile measurements (Table VII).

Results showed that work-to-break was correlated positively and
significantly with chewiness (r = 0.88, P < 0.05), elasticity (r =
0.89, P < 0.05), and general acceptability (r = 0.88, P < 0.05).
Maximum tensile strain was correlated positively and highly with
sensory cohesiveness (r = 0.91, P < 0.05). Hence both of these
tensile parameters could be useful for predicting sensory accept-
ability of kuanfen noodles.

CONCLUSIONS

Our results show that not all starches are suitable for the
preparation of kuanfen noodles. Sweet potato starch is economical
and easily available and could be used as a substitute for mung
bean starch in kuanfen production. Chewiness, cohesiveness, and
elasticity are the most crucial properties for the good eating qual-
ity of kuanfen and these properties could be easily predicted by
instrument measurement of the maximum tensile strain and work-
to-break of the noodles.

ACKNOWLEDGMENTS

We are thankful to Li J. and Li J. G., Feed Research Institute, Chinese
Academy of Agricultural Science, for providing us facilities for RVA study.

LITERATURE CITED

AOAC. 2000. Official Methods of Analysis of AOAC International, 17th
Ed. Official Method 922. 06. The Association: Gaithersburg, MD.

Beta, T., and Corke, H. 2001. Noodle quality as related to sorghum starch
properties. Cereal Chem. 78:417-420.

Bhattacharya, M., Zee, S. Y., and Corke, H. 1999. Physicochemical
properties related to quality of rice noodles. Cereal Chem. 76:861-867.

Champagne, E. T., Bett, K. L., Vinyard, B. T., McClung, A. M., Barton,
II, F. E., Moldenhauer, K., Linscombe, S., and McKenzie, K. 1999.
Correlation between cooked rice texture and rapid visco analyzer meas-
urements. Cereal Chem. 76:764-771.

Chang, Y. H., Lin, C. L., and Chen, J. C. 2006. Characteristics of mung
bean starch isolated by using lactic acid fermentation solution as the
steeping liquor. Food Chem. 99:794-802.

Collado, L. S., Mabesa, L. B., Oates, C. G., and Corke, H. 2001. Bihon-
type noodles from heat-moisture-treated sweet potato starch. J. Food
Sci. 66:604-609.

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

Edwards, N. M., Izydorczyk, M. S., Dexter, J. E., and Biliaderis, C. G. 1993.
Cooked pasta texture: Comparison of dynamic viscoelastic properties
to instrumental assessment of firmness. Cereal Chem. 70:122-126.

Galvez, F. C. F,, Resurreccion, A. V. A., and Ware, G. O. 1994. Process
variables, gelatinized starch and moisture effects on physical properties
of mung bean noodles. J. Food Sci. 59:378-382.

Kasemsuwan, T., Bailey, T., and Jane, J. 1998. Preparation of clear
noodles with mixtures of tapioca and high-amylose starches. Carbohydr.
Polym. 32:301-312.

Kim, Y. S., Wiesenborn, D. P., Lorenzen, J. H., and Berglund, P. 1996.
Suitability of edible bean and potato starch noodle. Cereal Chem.
73:302-308.

Lii, C. Y., and Chang, S. M. 1981. Characterization of red bean (Phase-
olus radiatus var. aurea) starch and its noodle quality. J. Food Sci.
46:78-81.

Lii, C. Y., Tsai, M. L., and Tseng, K. H. 1996. Effect of amylose content
on the rheological property of rice starch. Cereal Chem. 73:415-420.
Liu, W. J., and Shen, Q. 2007. Studies on the physicochemical properties
of mung bean starch from sour liquid processing and centrifugation. J.

Food Eng. 79:358-363.

Lu,Z.H., Li, L. T.,, Cao, W., Li, Z. G., and Tatsumi, E. 2003. Influence of
natural fermentation on physico-chemical characteristics of rice noodles.
Int. J. Food Sci. Technol. 38:505-510.

McGrance, S. C., Cornell, H. J., and Rix, C. J. 1998. A simple and rapid
colorimetric method for the determination of amylose in starch prod-
ucts. Starch 50:158-163.

Mestres, C., Colonna, P., and Buleon, A. 1988. Characteristics of starch
networks within rice flour noodles and mung bean starch vermicelli. J.
Food Sci. 53:1809-1812.

Miles, M. J., Morris, V. J., Orford, P. D., and Ring, S. C. 1985. The role of
amylose and amylopectin in the gelation and retrogradation of starch.
Carbohydr. Res. 135:271-281.

Nierle, W., and El Baya, W. A. 1990. Lipids and rheological properties of
starch. I. The effect of fatty acids, monoglycerides and monoglyceride
ethers on pasting temperature and viscosity of wheat starch. Starch
42:268-270.

Ring, S. G. 1985. Some studies on starch gelation. Starch 37:80-83.

Sandhu, K. S., Singh, N., and Malhi, N. S. 2005. Physicochemical and
thermal properties of starches separated from corn produced from
crosses of two germ pools. Food Chem. 89:541-548.

Sasaki, T., and Matsuki, J. 1998. Effect of wheat starch structure on
swelling power. Cereal Chem. 75:525-529.

Schoch, T. J., and Maywald, E. C. 1968. Preparation and properties of
various legume starches. Cereal Chem. 45:564-573.

Shiau, S.Y., and Yeh, A. I. 2001. Effects of alkali and acid on dough rheo-
logical properties and characteristics of extruded noodles. J. Cereal
Sci. 33:27-37.

Singh. U., Voraputhaporn, W., Rao, P. V., and Jambunathan, R. 1989.
Physicochemical characteristics of pigeon pea and mung bean starches
and their noodle quality. J. Food Sci. 54:1293-1297.

Sodhi, N. S., and Singh, N. 2003. Morphological, thermal and rheological
properties of starches separated from rice cultivars grown in India.
Food Chem. 80:99-108.

Tester, R. F.,, and Morrison, W. R. 1990. Swelling and gelatinization of
cereal starches. 1. Effects of amylopectin, amylose and lipids. Cereal
Chem. 67:551-557.

Tester, R. F.,, Morrison, W. R., and Schulman, A. R. 1993. Swelling and
gelatinization of cereal starches. V. Riso mutants of Bomi and Carlsberg
II barley cultivars. J. Cereal Sci. 17:1-9.

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

Wang, L., and Seib, P. A. 1996. Australian salt-noodle flours and their
starches compared to U.S. wheat flours and their starches. Cereal Chem.
73:167-175.

Young, S. K., Dennis, P. W., James, H. L., and Patricia, B. 1996. Suit-
ability of edible bean and potato starches for starch noodle. Cereal Chem.
73:302-308.

[Received August 18, 2006. Accepted February 3, 2007.]

Vol. 84, No. 3, 2007 289



