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Starch noodles were prepared from two types of bean (navy and cial starch noodles with respect to cooking loss and cooked weight. Tex-pinto) starch and three sources of potato starch (ND651-9, Mainechip, ture profile analysis (TPA) results showed starch noodles made fromand commercial potato starch). Physicochemical properties of those bean starches had higher hardness values, but lower cohesiveness valuesstarches, and cooking quality parameters and sensory characteristics of when compared to those from potato starches. Sensory panelists scoredthe noodles were investigated. Potato starches contained significantly noodles made from potato starches higher in transparency than thoseless amylose and more phosphorus when compared to bean starches. made from bean starches. Both transparency and overall acceptability byAmylograph pasting properties showed lower pasting temperature and sensory evaluation were significantly correlated with cohesiveness byhigher peak viscosity for potato starches than for bean starches, but TPA. With respect to texture characteristics of starch noodles, starchmore shear stability for bean starches. Swelling and solubility of potato noodles made from potato starches were more suitable than navy andstarches was significantly higher than for bean starches. Noodles made pinto bean starch noodles.
from bean starches exhibited cooking quality similar to that of commer-

Starch noodles are one of many popular types of noodles used
throughout Oriental countries, as well as in Oriental dishes served
in Western countries. This type of noodle is produced by extrud-
ing partially gelatinized, gluten-free paste into vermicelli-sized
noodles which are often precooked then dried for packaging and
marketing. The characteristics of starch noodles, unlike wheat-
based noodles, depend heavily upon the functional properties of
the starch as it undergoes one or two heat treatments during proc-
essing (Mestres et al 1988). Mung bean starch is favored for
starch noodle production because it gives a product with the desired
appearance and texture. The good quality achieved from mung
bean starch is thought to result from the high amylose content and
restricted granule swelling. The pasted starch exhibits a stable
viscosity during heating and stirring in the Brabender Viscoamy-
lograph test and a high setback on cooling (Lii and Chang 1981).

The dried starch noodles are judged by their uniformity, cook-
ing and eating quality. Galvez and Resurreccion (1992) reported
that the absence of color, high glossiness, and high transparency
were particularly desired when consumers purchased dry starch
noodles. In the case of cooked starch noodles, mouthfeel or tex-
ture was the most important characteristic. The noodles should
remain firm and not sticky when standing after cooking. Starch
noodles should also have a short cooking time with little loss of
solids in the cooking water. The taste should be bland.

Starch noodles have been prepared and compared with mung
bean starch noodles for starch from pigeonpea (Singh et al 1989);
red bean (Lii and Chang 1981); canna, sweet potato, and cassava
tuber (Chang and Lii 1987); and rice flour (Mestres et al 1988).
Because edible bean (red bean and pigeonpea) starches showed
restricted swelling and similar amylogram curves, these starches
could be applied as potential starch sources to make starch noodles
(Lii et al 1981, Singh et al 1989). Naivikul and D'Appolonia (1979)
reported that navy and pinto beans had a higher starch yield than
mung bean (40.3 and 38.3%, respectively, vs. 34.5%). The shapes
of the amylogram curves of these starches during the holding
period at 950C were similar (no peak viscosity) and indicated that
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the pastes were stable. Navy and pinto bean starches also had
higher amylose contents than did mung bean starch. The above
information suggested that starch noodles from navy and pinto
bean starch could be of high quality as compared to mung bean
starch noodles.

According to LaBell (1990), potato starch in some cases
already plays an important role in the production of starch noo-
dles. The noodles reportedly maintain a clear and shiny appear-
ance after cooking, have a smooth and slippery texture, and high
absorption of soups and sauces, although supporting data was not
included in that report. Our previous study (Kim and Wiesenborn
1995) demonstrated the feasibility of replacing mung bean starch
with potato starch for manufacturing starch noodles. The results
from sensory evaluation and cooking quality tests of starch noo-
dles made from selected potato starches suggested that the starch
from the potato genotype Mainechip was particularly suitable as a
starch for the manufacture of starch noodles.

It is important to determine the quality factors that govern the
characteristics of starch noodles. Currently, there is little pub-
lished information on the desired textural properties of starch
noodles using instrumental methods. The recently developed
Texture Profile Analyzer (TPA) appears to be a promising tool to
characterize the texture of starch noodles. The objectives of this
research were: 1) to manufacture in the laboratory and character-
ize starch noodles from navy and pinto bean starch and from dif-
ferent preparations of native potato starch; and 2) to relate the
noodle characteristics to certain physicochemical characteristics
of the starch.

MATERIALS AND METHODS

Source of Samples
Two types of legumes (navy and pinto beans), which were

grown in the 1992 growing season, were obtained from Agrisale,
Casselton, ND. Potato tubers of two genotypes (Mainechip and
ND651-9) were grown in 1994 at an irrigated site in North
Dakota. Commercial (food-grade) potato starch was obtained
from Avebe Company (Princeton, NJ). Commercial mung bean
starch noodles (SAI FUN Longevity brand bean threads, Hong
Kong Food Products Co., Hong Kong) were purchased locally.

Isolation and Purification of Starches
Navy and pinto bean starches were isolated and purified using

the procedure of Schoch and Maywald (1968) with minor modifi-



cations. Beans (4 kg) were steeped overnight in distilled water.
The pH throughout steeping was adjusted to 6.0 to 6.5 by addi-
tion of IN NaOH to preclude acidic hydrolysis. The steeped liq-
uor was decanted, and beans were ground in a Waring blender
with distilled water at low speed for 3 min. The slurry was filtered
sequentially through a 60-mesh sieve and then through a 200-
mesh sieve. The suspension was allowed to settle for 3 hr and the
liquid was decanted and discarded. The starch was rinsed three
times by resuspending in distilled water, allowing to settle, then
decanting the water. The recovered starch was air-dried at room
temperature and ground with a mortar and pestle to pass through
a 60-mesh sieve. The dried starch was equilibrated at room tem-
perature and humidity for two to three days before transfer to air-
tight storage containers. Potato starch was isolated and purified as
described previously (Wiesenborn et al 1994).

Physicochemical Analysis
Moisture content was determined in triplicate using the method

of Wiesenborn et al (1994). Amylose and phosphorus content in
the isolated starch were determined in duplicate using slight
modifications of the methods of Hovenkamp-Hermelink et al
(1988) and Lanzetta et al (1979), respectively. The starch pasting
characteristics were determined with a Brabender Viscoamy-
lograph, type VA-lB with a 700-cmg cartridge. A suspension of
3.25% (w/w) starch in 450 ml of deionized water was heated from
30 to 950C at a rate of 1.50 C/min, held for 15 min at 950 C, then
cooled to 50'C at a rate of 1.50 C/min (McComber et al 1988).
Paste stability ratio was defined as the ratio of the viscosity at the
onset of cooling to the peak viscosity before cooling. Paste set-
back ratio was defined as the ratio of the viscosity at the comple-
tion of cooling to the viscosity at the onset of cooling
(Wiesenborn et al 1994). Swelling power and solubility were
determined in triplicate at five temperatures ranging from 55 to
950 C by the method of Leach et al (1959).

Starch Noodle Preparation
The procedure for starch noodle preparation described by Lii

and Chang (1981) was modified as follows: 95 parts of dry starch
were mixed with 5 parts of cooked starch on a dry weight basis to
form a dough. Cooked starch was prepared by heating a dry
starch and water (1:7, w/v) mixture for 5 min in a 950 C water-
bath. The mixture of cooked and dry starch was prepared using a
single-speed pin mixer (National Manufacturing Co., Lincoln,
NE) for 5 min. The dough, which contained =50% moisture, was
extruded with a cylinder-type extruder (R. P. C. Testing
Machines, Research Products Co., Inc., St. Petersburg, FL) with a
Teflon-lined 1.6-mm diameter opening. The maximum extrusion
pressure was 1.6 kN. The extruded noodles were immersed in
boiling water for 30 sec and cooled by immersion in 15-20'C tap
water for 3 min. The noodles were separated and air-dried at
room temperature for one day. The dried noodles were stored in
sealed polyethylene bags.

Navy and pinto bean starch noodles were prepared as stated
above. However, the cooked bean starch did not adequately bind
the water. Some water separated from the dough during extrusion.
Therefore, the cooked starch used to bind the dry bean starch was
prepared from potato starch as described above.

Cooked Weight and Cooking Loss
The cooked weight and cooking loss of starch noodles was

determined as described by Galvez and Resurreccion (1992).
Starch noodles (10 g) cut into pieces 5-cm long were soaked in
500 ml of distilled water for 5 min, drained, and cooked in a
beaker in 300 ml of boiling distilled water for 5 min as previously
described (Kim and Wiesenborn 1995). The beaker was covered
with aluminum foil to minimize the evaporation losses of water.
The cooked noodles were drained and rinsed with distilled water
in a Buchner funnel. Cooked weight was determined by weighing

the wet mass after the cooked starch noodles were drained for 2.5
min in a Buchner funnel. Cooking loss was determined by evapo-
rating to dryness the combined cooking and rinse water in a
preweighed Erlenmeyer glass beaker in an air oven at 1 10C. The
residue was weighed and reported as a percentage of the weight
of dry starch noodles before cooking.

Texture Profile Analysis
TPA of cooked starch noodles was performed as described by

Kim and Seib (1993) with minor modifications. Cooked starch
noodles were drained for 2 min over a U.S. No. 10 sieve, and
noodle strands were placed in distilled water until ready to test.
One noodle strand was removed, the excess water was blotted
with a tissue, then the strand was placed onto the plexiglass plat-
form. A TA-XT2 Texture Analyser (Texture Technologies Corp.,
Scarsdale, NY) equipped with the XT.RA Dimension software
version 3.7 was used. The sample was compressed with a cylin-
drical probe (3.8 cm diameter, model TA-4) at a probe speed of
1.0 mm/sec. The compression distance was 90% of the noodle
thickness, and the maximum force was set at 2.0 kg-force. Ten
individual noodle strands were tested. Typically, readings for
several strands deviated widely from the mean. Thus, the five
readings with the highest variances from the mean were rejected.
Hardness, cohesiveness, and adhesiveness values were obtained
by automatic calculation from the TPA curve (Fig. 1).

Sensory Evaluation
Sensory evaluation of the cooked starch noodles was conducted

using the line-scaling method (Meilgaard et al 1991). The sensory
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Fig. 1. Texture profile analysis curve of starch noodles made from
Mainechip potato starch (A) and navy bean starch (B).
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