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As a major wheat exporter to countries all over the world, the United States has to 

produce wheat that satisfy different quality requirements requested by their customers. 

Over the past decade the United States has encountered a major problem, that of losing 

market share in Asia to Canada and Australia. The major reason was that the United 

States was unable to supply Asian countries with quality wheat suitable for noodle 

production. To overcome the problem, the U.S. wheat industry needs to understand the 

specific quality requirements required for Asian noodles. Research on understanding 

sensory characteristics of Asian noodles was proposed to bridge the communication 

barrier regarding Asian noodle quality. Descriptive analysis was utilized for this study to 

provide sensory characteristics of noodles from different Asian countries. 

In the first study, four classes of U.S. wheat flour samples were evaluated for their 

ability to make high quality Taiwanese noodles. Taiwanese noodle industry 

representatives came to the United States and made 4 major types of their noodles using 

U.S. wheat flours; they evaluated them by employing both the Taiwanese industries' 



scoring system and modified descriptive analysis. The results of this study indicated that 

hard white wheat was suitable for making two types of Taiwanese noodles (dry and yee 

noodles), a blend of hard red winter and hard red spring wheat was suitable for wet 

noodles, and a blend of hard red winter and white wheat was suitable for fresh noodles. 

The second study was undertaken to better understand the texture profile of 

noodles from various Asian countries. Sensory texture characteristics of fresh noodles 

from Taiwan, Thailand, and Malaysia were identified. A total of 16 patent flour samples 

for Taiwan, and 18 straight grade flour samples each for Thailand and Malaysia, were 

milled from hard white wheat varieties and made into each Asian country's noodles. A 

texture profile of each country's noodles was developed by an Oregon State University 

descriptive panel while quality evaluation was performed by each countries' noodle 

experts. The results characterized the Taiwanese noodles as the smoothest, springiest, and 

highest in integrity of noodles; the Thai noodles were the hardest, most dense, cohesive 

noodles and also higher in starch between teeth and toothpull; and the Malaysian noodles 

were the softest, least dense, cohesive, and sticky noodles. The optimum protein to 

achieve specific texture quality for each country was identified. 
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QUALITY ASSESSMENT OF ASIAN NOODLES MADE FROM U.S. WHEAT 
FLOURS USING SENSORY DESCRIPTIVE ANALYSIS 

1. THESIS INTRODUCTION 

The United States is one of the largest wheat exporters to countries all over the 

world. The variety of different wheat classes grown in the U.S. has enabled it to meet the 

quality requirements of different countries. During this past decade, however, the United 

States has suffered major market losses in Asian countries due to competition with 

Australia and Canada. The primary cause for this drop in sales was that the U.S. could 

not deliver what the Asian consumers needed, while Australia and Canada better 

understood the complex quality requirements of the Asian consumers. 

The wheat noodle is a staple food in the Asian diet. Almost 40% of the wheat 

products in Asian countries are consumed in the form of noodles, which are made of flour, 

water, and salt. Flour, as the major ingredient, most influences the quality of noodles. 

Two critical points that influence the buying decision of Asian consumers are noodle color 

and texture characteristics. Extensive research had been done to understand the effect of 

flour constituents on the color and texture quality of Asian noodles. Protein has been 

found to significantly contribute to brightness (Oh et al., 1985c), firmness, and chewiness 

(Oh et al., 1985c; Huang and Morrison, 1988; Baik et al., 1994); while starch has been 

found to significantly effect noodle softness and smoothness (Oda et al., 1980; Toyokawa 

et al., 1989a). However, limited work has been done in determining quality requirements 

of Asian consumers through understanding their noodles' sensory properties. 



Sensory descriptive analysis has been widely used for determining a product's 

profile. Through descriptive analysis the product's characteristics are qualitatively and 

quantitatively measured (Meilgaard et al., 1991). Profiling the sensory characteristics of 

Asian noodles will permit better understanding of quality requirements of Asian 

consumers. 

To better understand noodle quality requirements, a collaborative study between 

Asian noodle experts and U.S. wheat researchers was established through the leadership 

of the Wheat Marketing Center. In the first study, our main goal was to understand the 

various noodle quality requirements within Taiwan. Taiwan is one of the major wheat 

importers from the United States, and approximately 37% of the wheat is consumed in the 

form of noodle products (Luh, 1994). Four major types of Taiwanese noodles that hold 

approximately 70-80% of the Taiwanese noodle market were made using different classes 

of U.S. wheat, and assessed for color and texture quality by Taiwanese industry 

representatives. The specific objectives for this study were to identify the type of wheat 

suitable for Taiwanese noodles, to assess the sensory characteristics of the four major 

types of Taiwanese noodles using descriptive analysis, and to relate the descriptive 

analysis results with the quality measures from the experts in order to identify the critical 

characteristics that can be used as quality indicators. 

In the second study, the main objective was to understand differences in the 

sensory texture profile of noodles from various Asian countries. Based on collaborative 

studies between U.S. wheat researchers and Asian noodle-industry representatives, U.S. 

hard white wheat (HWW) showed potential for use in the Asian noodle market. Sixteen 

patent flours for Taiwan, and eighteen straight grade flours for both Thai and Malaysian 



were made into noodles by the representatives of the respective countries. A quality test 

was performed by the Asian country's noodle experts and a descriptive analysis was 

performed by Oregon State University trained panel. The specific objectives of this study 

were to determine the texture profile of the noodles of each country and the texture 

differences across countries, and to determine the optimum protein range for each 

country's noodles. 



2. LITERATURE REVIEW 

2.1 Asian Noodles 

Asian noodles in general have the basic ingredients of flour, water, and salt. Asian 

noodles may come in many different forms: fresh, dry, instant, steamed-dried, steamed- 

fried, wet, partially cooked, or fully cooked. Based on their ingredients, Asian noodles 

fall into two groups: white-salt noodles, and yellow-alkaline noodles. Japanese style 

noodles; udon, somen, kishimen, and hiyamugi, are typical white-salt noodles. They are 

made from flour, water and salt, and usually sold fresh or dried. They are white and bright 

in appearance, and have a smooth, soft, springy texture. In South East Asia, alkaline 

water, which is known in Asia as kan sui or lye water is popular as a main ingredient in 

noodles. Sodium hydroxide, sodium carbonate, potassium carbonate or combinations of 

these salts are typical kan sui agents used in alkaline noodles. The effects of these alkaline 

agents on noodle color and texture quality have been extensively studied by many 

researchers. Moss et al. (1986) studied the effects of different types of alkaline agents on 

the texture of cantonese noodles, Shelke et al. (1990) studied the effect of different 

amounts of alkaline agents added to a Chinese wet noodle formulation, and Kruger et al. 

(1992) studied the effect of various alkaline mixtures on noodle color. In general, alkaline 

noodles have a bright yellow color, unique flavor, and chewy texture. Cantonese (raw) 

and Hokkien (partially cooked) style noodles are two popular types of alkaline noodles. 

The processing of Asian noodles is similar for the same style of noodles, however, 

some modification may occur from one country to another in terms of mixing time and 



speed, sheeting specifications, resting period, drying conditions, etc. Unlike Italian or 

American noodles (pasta products) which are extruded, Asian noodles are sheeted during 

processing. The common processing procedures include mixing the ingredients to a 

crumbly consistency, compressing the crumbly dough into sheeted dough using a series of 

rollers, resting the sheeted dough, sheeting the dough until it reaches its final thickness, 

followed by slitting and cutting into desirable noodle dimensions. After all these steps, the 

noodles are treated according to the noodle style made. The fresh style noodles will go 

directly to packaging, and the dried noodles will proceed to drying. Steamed and instant 

noodles will enter the steamer chamber and proceed to the fryer for the steamed-fried 

style, or to the dryer for the steamed-dried type or go directly to packaging for the 

steamed type. The partially cooked and fully cooked types will go to the boiler and then 

to the packaging sites (Nagao, 1996). 

There are a series of quality control points during noodle processing. Noodle 

dough is evaluated during mixing, compounding and sheeting. Noodle strands are 

evaluated after cutting/slitting and after cooking. Two important parameters assessed for 

noodle quality are color and texture. Color assessments are conducted before and after 

cooking. Apperance quality of dry noodles is usually evaluated along with surface 

roughness. Texture assessment is only performed after cooking, either partially or fully 

cooked. 



2.2 Color and Appearance Characteristics of Asian Noodles 

Color and appearance of noodles are important aspects of overall noodle quality. 

Consumers use color and appearance as preliminary tools in evaluating noodle quality. 

Noodles with inferior color and appearance will be rejected before texture can be 

evaluated. In general, salt noodles need to be bright and creamy in color, while alkaline 

noodles need to be bright and yellow. Absence of bran specks and good color stability 

over time (absence of darkening) are also critical requirements of Asian noodle 

appearance. Each Asian country, however, has specific quality requirements for their own 

noodles. 

From previous research, a few flour parameters have been identified to be 

responsible for noodle color and appearance quality. They are flour pigments, flour 

extraction rate, flour particle size, flour protein content, and flour ash content. 

2.2.1 Flour Pigments 

The two major types of pigments in wheat flour that are responsible for yellowness 

are carotenoids (xanthophyll) and flavonoids. The flavonoid pigments are particularly 

important in the development of yellow color in Asian noodles. The flavonoids are 

colorless at acidic pH values, but become yellow at higher pH values. These yellow 

pigments are located largely in the bran of the wheat kernel. Thus, with more bran 

contaminating the flour due to higher extraction, more yellow pigment is available to react 

with the alkaline water, hence yellowness increases (Miskelly, 1984).   Yellow pigments 

vary widely in amount among different wheat varieties (Hoseney, 1994). Moss (1967) 



found significant varietal differences in the yellow pigment content of flours milled from 

Australian wheat. Miskelly (1984) reported that soft wheats generally have more yellow 

pigments than hard wheats. 

2.2.2 Flour Extraction Rate 

Flour extraction rate is a factor which influences noodle color and appearance 

quality (Kruger et al., 1994a; Dexter et al., 1993; Miskelly, 1984). During flour milling, 

wheat kernels are separated from their different parts; endosperm, aleurone layer, and bran 

and ground with many steps to produce flours (Hoseney, 1994). The flour yield from the 

total of all products produced during milling determines the extraction rate of the flour. 

Bran is an undesirable contaminant that is present more in the higher extraction flour. 

Patent flour, a lower extraction flour, is only produced at the first step of the 

grinding system, thus, has more sound flour and less bran contamination. Patent flour 

comes mainly from the core of the wheat kernel.    Patent flour (60% extraction) is widely 

used in Asian noodle making as it results in higher quality noodle color and appearance 

compared to straight grade flour (Miskelly and Moss, 1985). Straight grade flours 

represents at least 72% of the total extraction products. Straight grade flour usage results 

in raw noodles that are yellower, but duller in color than those prepared from patent 

flours. 

Color stability of raw noodles over time is decreased when noodles are made using 

flour of decreasing flour refinement (Kruger et al., 1994a; Yasunaga and Uemura, 1962). 

Polyphenol oxidase (PPO), largely located in the bran part of the wheat kernel, increases 



with a higher extraction rate. This enzyme produces a deleterious dull brown color rather 

than the pale yellow color desired in raw Cantonese noodles (Kruger et al., 1992). Both 

alkaline conditions and a long storage time may cause noodle darkening (Miskelly, 1984), 

which can be aggravated by elevated levels of PPO (Kruger et al., 1992). 

2.2.3 Flour Particle Size 

Flour particle size is determined during milling of wheat kernels into flour. The 

size of the flour particle, fine .medium, or coarse, depends on the grinding of the wheat 

kernels during the reduction process in the milling and the size of the flour-sieve clothing. 

The size of the openings on the flour-sive clothing determines the particle size of the flour 

collected. As flour particle size decreases, brightness of noodles also decrease (Miskelly, 

1984). Starch granules reflect light, and this reflectance decreases with increasing starch 

damage in the milling process. Starch damage has been found to increase as particle size 

decreases. 

2.2.4 Flour Protein Content 

Protein content is important in determining flour brightness (Miskelly, 1984; 

Bushuk et al., 1969). Moss (1971) reported that brightness is inversely proportional to 

protein content. High protein flour appears duller because there is less starch available to 

reflect light (Miskelly, 1984; Oh et al., 1985d). In addition to protein quantity, protein 

quality also affects noodle color. 



Oh et al. (1985d) compared hard wheat and soft wheat noodles of similar protein content, 

and found that hard wheat generally had darker color than soft wheat noodles. 

2.2.5 Flour Ash Content 

A typical wheat kernel has an ash content of about 1.5%. The inner endosperm 

contains about 0.3% ash, whereas the bran contains about 6%, making ash content a 

convenient assay to determine the presence of bran in flour (Dexter et al., 1993). The 

presence of bran in flour may indicate the presence of PPO, reported to give a negative 

color quality to noodles (Kruger et al., 1992; Hatcher and Kruger, 1993). 

2.3 Texture Characteristics of Asian Noodles 

In addition to color and appearance, texture of noodles is the other characteristic 

that determines the quality and acceptance of the product by Asian consumers. There are 

many different factors that account for the textural properties of Asian noodles: protein 

properties, starch properties, lipid properties, water absorption, and dough pH. 

Processing parameters such as mixing time, roll speed, and reduction rate during 

sheeting are additional factors that influence texture (Oh et al., 1985b). Additional 

ingredients such as sodium hydroxide, sodium carbonate, potassium carbonate or their 

mixtures significantly impact noodle texture (Miskelly and Moss, 1985; Moss et al., 1986). 
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2.3.1 Protein Properties 

Flour proteins can be grouped into gluten and non-gluten protein (salt-soluble 

globulins, water-soluble albumins and glyco-proteins). Non-gluten protein greatly 

enhances the functionality of the gluten proteins. 

A continuous and uniform protein network which is mainly developed from gluten 

protein is required for good eating quality of Asian noodles. The protein matrix for 

noodles is developed during sheeting and resting. The protein matrix develops best with 

proper resting time and reduction procedures (roll speed and reduction rate). A less 

uniform protein matrix gives more cracks during preparation of noodles (Rho et al., 

1988). Extra sheeting to increase gluten development in the noodles was found to give 

some improvement in surface firmness (Dexter et al., 1979; Oh et al., 1985b). Oh et al. 

(1985d) proposed that the gluten matrix in hard wheat is more developed than in soft 

wheat, thus, longer cooking time is required for hard wheat than soft wheat. They also 

found that the cooked surface of soft wheat noodles is smoother and firmer than that of 

hard wheat noodles. Wasik et al. (1978) explained that strong gluten in pasta may give a 

more rigid, less flexible structure than weak gluten, and that such a structure would be 

more susceptible to rupture under the stresses of swelling and protein denaturation during 

cooking. 

Increased protein content is reported to produce stronger noodle strands (Lee et 

al., 1987). Protein content alone, however, does not predict noodle texture quality 

(Huang and Morrison, 1988; Oh et al., 1985a; Baik et al., 1994). Huang and Morrison 

(1988) reported that protein quality determined using sedimentation values is significantly 
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correlated with maximum cutting stress and maximum compression stress of cooked 

noodles. Oh et al. (1983) observed that maximum cutting stress was significantly 

correlated with firmness of cooked noodles and resistance to compression with chewiness. 

Sedimentation value may therefore be used for predicting the firmness and chewiness of 

cooked noodles. 

2.3.2 Starch Properties 

The starch component in wheat flour is another factor that influences the eating 

quality of noodles. The water holding capacity of starch granules was found to be highly 

correlated with the viscoelastic textural properties of noodles (Toyokawa et al., 1989). 

Crosbie (1991) reported the same finding of high viscoelasticity in Japanese-style noodle 

texture which was closely related to the high swelling power of starch. In agreement with 

Crosbie (1991), McCormick (1991) reported that starch swelling power is a suitable test 

used for predicting noodle quality from wheat variety. This would be a convenient tool 

for screening samples in a wheat breeding program. 

2.3.3 Lipid Properties 

Although lipids are present in very small amounts (approximately 2%), their 

existence in wheat flour influences surface stickiness and cooking loss. Matsuo et al. 

(1986) investigated the effect of defatting semolina flour on the cooking quality of 

spaghetti. They found that surface stickiness of cooked spaghetti was increased by using 

defatted flour; reconstitution of the flour with the extracted lipids decreased surface 



12 

stickiness. Rho et al. (1989) also investigated the relationship between the free lipid 

content of flour and the texture of cooked noodles. Their results showed that increasing 

free lipids caused an increase in cooking loss and cutting stress but decreased surface 

firmness. Rho et al. (1989) noted that the nonpolar lipid fraction was largely responsible 

for the functionality of free lipids. The nonpolar lipid fraction consists mainly of 

triglycerides but it contains also small amounts of free fatty acids and monoglycerides 

which can form insoluble complexes with amylose. 

2.3.4 Water Absorption 

Water absorption properties in noodle dough were found to influence gluten 

development and adhesion of starch granules and protein gluten (Oh et al., 1985). An 

increase in water absorption increases the gluten-starch network thus resulting in stronger 

noodle structure (Dexter et al., 1979). 

Water absorption can also influence the aesthetic value of noodles. Noodles 

become lighter in color as water absorption decreases.   This may be caused by a less 

compacted noodle structure at a lower water absorption, or to enzymic browning at high 

absorption (Reed and Thorn, 1971) 

2.3.5 Dough pH 

Alkaline agents increase the pH of noodle dough which increases cutting stress 

(firmness) but decreases compression stress (chewiness) of noodles (Oh et al., 1985b; 

Moss et al., 1986). 
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Increased alkalinity of noodle dough subsequently increases the alkalinity of cooking water 

which induces noodle surface breakdown and causes surface stickiness (Moss et al, 

1986). 

2.4 Descriptive Analysis 

Descriptive analysis formally began when consultants at Arthur D. Little, Inc., 

developed the Flavor Profile Method (Cairncross and Sjostrom, 1950). In descriptive 

analysis, product attributes are indentified and quantified by trained or expert panelists. 

The role of panelists in a descriptive panel is not to express their liking or disliking toward 

the product; instead their duty is to recognize and identify sensory attributes of the 

product (taste, odor, and texture) and to assess the attributes quantitatively. Four major 

descriptive analysis methods are: Flavor Profile Method, Texture Profile Method, 

Quantitative Descriptive Analysis, and the Spectrum Method. 

2.4.1 Flavor Profile Method 

The flavor profile method uses as little as four panelists to describe products' 

aroma and flavor characteristics (Meilgaard et al., 1991; ASTM, 1992). Terminology/ 

lexicon used for describing product attributes are developed by panelists during round 

table discussion. The panelists utilize a seven point Flavor Profile intensity scale in rating 

product attributes. One important qualification that is emphasized in this method is the 

panelists' ability to work as a group. Panelists are extensively trained (six months or 
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more) not only to be able to recognize and rate product attributes but also to be able to 

agree as a group in rating the product. For the Flavor Profile method, consensus is 

important in reaching a final decision. 

2.4.2 Texture Profile Method 

The texture Profile Method was developed at General Foods Corp. in 1963. The 

overall principle behind the Texture Profile Method is very similar to the Flavor Profile 

Method. The Texture Profile Method allows a broad range of products' textural 

parameters to be identified and quantified. Brandt et al. (1963) described the texture 

profile as "the sensory analysis of the texture complex of a food in terms of its 

mechanical, geometrical, fat and moisture characteristics, the degree of each present, 

and the order in which they appear from first bite through complete mastication. " CiviUe 

and Szczesniak (1973) published a paper on guidelines for training a texture profile panel. 

Like the Flavor Profile method, panelists for the Texture Profile are also trained for using 

standard references, standard terminology and a standard procedure of evaluation. The 

Texture Profile method, however, uses more expanded scales such as category scaling, 

line scaling, and magnitude estimation (Meilgaard et al., 1991). 

2.4.3 Quantitative Descriptive Analysis (QDA) 

Another descriptive analysis method is QDA which was developed by Tragon 

Corp. (Meilgaard et al., 1991). This QDA method differs from the previous two methods 

(Flavor Profile and Texture Profile) in few important aspects. The QDA method puts a lot 
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of emphasis on statistical analysis and replication of samples tested (Powers, 1988). The 

Flavor and Texture profiles allow only aroma and flavor or texture attribute evaluation, 

while QDA lets the panel evaluate all aspect of a product's sensory properties. The QDA 

method utilizes a short training period compare to the Flavor Profile or the Texture 

Profile. Unlike the Flavor Profile where a panel leader is usually one of the panel 

members', QDA does not allow the panel leader to participate in product evaluation 

(ASTM, 1992). Product evaluations are conducted independently without any discussion 

to reach final consensus. 

2.4.4 Spectrum Method 

Desciptive analysis using the Spectrum method was designed by Gail V. Civille 

(Meilgaard et al., 1991). The Spectrum method is based on extensive use of developed 

lexicon/terminology and reference points (Meilgaard et al., 1991). Civille and Lawless 

(1986) identified the importance of developing effective sensory terms and then training a 

panel to use the terms for differentiating products. The Spectrum method does not 

require the use of a specific scale. The universal category scale (16-point scale) is mostly 

used with at least two references anchored along the scale. For the Spectrum method, 

time required for training is quite long (3-4 months) (ASTM, 1992). 
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3.1 Abstract 

To identify U.S. wheats suitable for making high quality Taiwanese noodles, a 

modified descriptive analysis and a Taiwanese noodle industries common scoring system 

were utilized in rating the sensory characteristics of Taiwanese noodles. A commercial 

noodle sample from Taiwan and samples of 4 types of Taiwanese noodles made from U.S. 

wheat flours were evaluated by Taiwanese industry representatives for their sensory 

quality. Results from the quality scoring indicated that the Taiwanese preferred HWW1 

(ID377S-patent) for dry and yee noodles, HRW+WW for fresh noodles, and HRS+HRW 

for wet noodles. Sensory characteristics which are important quality indicators for each 

type of noodles were identified through descriptive analysis. 
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3.2 Introduction 

The United States is the largest exporter of wheat to Taiwan and most other Asian 

countries. Canada and Australia, however, have been aggressively competing with the 

United States to provide Asian countries with quality wheat for noodle production. 

Success in increasing their exports over the past ten years is due to their advanced 

research in understanding and meeting quality requirements of Asian wheat buyers. In the 

United States, wheat flour quality has historically been defined in terms of domestic 

products such as white pan breads, cakes, cookies and crackers. However, the wheat 

flour used for making these domestic products has not performed well in Asian noodle 

production. 

As the major wheat supplier to Taiwan, the United States must understand what 

type of wheat will satisfy requirements for making various styles of Taiwanese noodles. In 

1994, the estimated total wheat flour consumption to make all types of noodles in Taiwan 

was about 250,000 metric tons or 37% of the total wheat flour used in Taiwan per year. 

There are more than 10 different types of noodles produced in Taiwan. The four major 

types-dry, fresh, wet, and yee, hold 70%-80% of the total noodle share in the Taiwanese 

market (Luh, 1994). Taiwanese dry and fresh noodles are white salt noodles, while wet 

and yee noodles are yellow alkaline noodles. Taiwanese dry noodles, with a moisture 

content of 10-14%, are popular for their handling convenience and long shelf-life due to 

their low moisture content. Fresh noodles at 26-28% moisture, are popular as they retain 

their "original" flavor and texture for up to 10 days under refrigeration. Wet noodles, with 

a moisture content of 55-60%, last 5 days at refrigeration temperature. They are 70% 
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pre-cooked and coated with vegetable oil at 1% of the total weight of the noodles. Wet 

noodles are popular for their chewy texture and bright yellow color due to addition of kan 

sui or alkaline salt (1:1 mixture of Na2C03 and K2CO3). The reaction that occurs under 

alkaline conditions is the detachment of flavones from the polysaccharides by the kan sui 

agent causing the yellow color in the noodles (Miskelly and Moss, 1985). Kan sui or 

alkaline salts give firm noodle texture and rough surface characteristics by preventing 

adequate gluten development in the noodle dough (Moss et al, 1986). Wet noodles are 

mostly used for stir-frying. Yee noodles are very similar to wet noodles in terms of their 

ingredients. Yee noodles have a moisture content of 30-32% and have kan sui added, 

however, they are not partially cooked or oiled. 

U.S. wheat breeders had difficulty understanding when Asian buyers described 

their needs in terms of noodle quality. Breeders are capable of developing specific wheat 

varieties, however, they must know exactly what sensory properties are required by the 

Asian buyers. Both parties are in need of a mechanism to help them bridge their 

communication barrier on noodle quality. 

Experts from industry have been successfully used to profile products (Williams 

and Langron, 1984; McCloskey et al., 1996). Experts play an important role in 

recognizing product quality due to their extensive experience. They are sensitive to 

specific attributes that may determine a product's status as acceptable or unacceptable. In 

order to understand what drives their decisions on product quality, a tool is needed to 

provide qualitative and quantitative information on the sensory characteristics of noodles. 

Descriptive analysis has been widely used by researchers to describe sensory 

profiles of products (Noble et al., 1984; Bramesco and Setser, 1990; Chang and 



20 

Chambers, 1992). It provides quantitative as well as quahtative measures of a product's 

characteristics, which build the profile of the product (Meilgaard et al., 1991). 

In descriptive analysis, a group of panelists, either trained or expert, works together to 

generate terms that describe sensory attributes present in a specific product. These 

panelists then rate each product quantitatively by its descriptors based on the degree of 

each characteristic perceived. 

In this paper, we took an approach to understand Taiwanese quality requirements 

by investigating the sensory qualities of four of their major noodle types using Taiwanese 

noodle experts. The Wheat Marketing Center, Portland, OR, and the Sensory Science 

Laboratory at Oregon State University, CorvaUis, OR, have worked coUaboratively to this 

end. The Wheat Marketing Center invited a team of flour miUers and noodle 

manufacturers from Taiwan to come to Portland to make noodles with U.S. wheat and 

evaluate their quahty. The Taiwanese representatives rated noodle quaUty using their own 

quaUty scoring system, and also described the sensory properties of the noodles using 

descriptive analysis. The specific objectives of this study were to assess the sensory 

characteristics of four major types of Taiwanese noodles using descriptive analysis and to 

investigate which characteristics are critical quaUty indicators for each noodle type by 

relating the quaUty measures to descriptive test results. 
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3.3 Materials and Methods 

3.3.1 Sample Specifications 

Flour samples used in this study were milled at the Wheat Marketing Center from 

4 different wheat classes from the 1994 U.S. crop. They were Hard Red Winter (HRW), 

Hard Red Spring (HRS), Hard White wheat (HWW), and Western White (WW) wheat. 

Four different types of Taiwanese noodles were prepared using selected single or blended 

flours which ranged in protein content from 9.5% to 12% (Table 3.1). One additional 

flour sample was milled in Taiwan and shipped to the U.S. to serve as a control. This 

Taiwan flour was typical of the flour used by the Taiwanese industry to make noodles. 

The other flour samples for each noodle type were specifically chosen by the Taiwanese 

representatives. 

In addition to the noodles that were prepared from flours mentioned above, a 

commercial dry noodle sample from Taiwan, Wu-Mu brand (Sing Lin Foods, Corp., 

Taipei, Taiwan) was included for testing. There were a total of 5 dry, 6 fresh, 4 wet, and 

5 yee noodle samples made by Taiwanese representatives. All samples were evaluated 

twice except dry noodles due to the limited amount of sample available. 

3.3.2 Noodle Processing 

Noodle samples were made by the Taiwanese representatives using an Ohtake 

noodle machine (Ohtake Noodle Machine Mfg. Co. Ltd., Tokyo, Japan) at the Wheat 

Marketing Center, Portland, OR. Noodle making protocols were developed by the 



Table 3.1. Flour specifications of each wheat variety used for making Taiwanese dry, fresh, wet, and yee noodles and 
a diagram of flour samples made into each specific type of noodles. 

Hard Red Spring 

(HRS) 

Hard Red Winter 

(HRW) 

Western White 

(WW) 

Hard White Wheat 1 

(HWW1-ID377S) 

Hard White Wheat 2 

(HWW2-Klasic) 

Flour specifications 

Milling Extraction (%) 

Protein (%)* 

Moisture (%) 

Ash (%)* 

Patent 

60.0 

12.5 

13.9 

0.419 

Straight Grade 

75.0 

12.8 

13.9 

0.487 

Patent 

60.0 

10.6 

13.3 

0.394 

Straight Grade 

75.0 

11.1 

13.2 

0.456 

Patent 

57.0 

8.4 

13.1 

0.417 

Straight Grade 

72.0 

8.6 

12.9 

0.430 

Patent 

na 

9.5 

13.6 

0.467 

Straight Grade 

66.0 

9.7 

13.4 

0.494 

Patent 

na 

9.7 

13.0 

0.455 

Straight Grade 

70.4 

10.0 

13.0 

0.480 

Noodle TypeA 

Dry NoodlesAA 

Blends 

I 

Blends 

Blends 

Fresh Noodles 

Wet Noodles 

Yee Noodles 

Each arrow indicated single or blended flours made into specific type of noodles. 
'Calculated at 14% moisture basis. 
ATaiwan flours were also submitted as a control for each type of noodle; protein content of Taiwan flour for making dry noodles=11.52%; for fresh noodles= 11.71%; 

for wet and yee noodles=l 1.1%. 
^A commercial sample (Wu-Mu) was an additional dry noodle sample. 
Proportions of HRS+HRW blends for Dry noodles were, 2.95:1.05, HRS:HRW, on weight basis; protein content of these blends=12%. 
Proportions of HRS+HRW blends for Wet and Yee noodles were, 2.08:1.92, HRS:HRW, on weight basis; protein content of these blends=l 1.5%. 
Proportions of HRS+WW blends for Fresh noodles were, 1.674:0.962, HRS:WW, on weight basis; protein content of these blends=l 1%. 
Proportions ofHRW+WW blends for Fresh noodles were, 2.63:1.006, HRW:WW, on weight basis; protein content of these blends=10%. to 

to 
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Taiwanese representatives based on common practice in the Taiwanese noodle industry. 

Ingredients, specific for each type of noodle, were mixed together in a steel mixing bowl 

using a Hobart mixer (Hobart Mfg. Co. Ltd., Don Mills, Ontario). The procedures for 

making the four types of noodles were similar, except for dry noodles that had to undergo 

drying (Figure 3.1). Fresh, wet and yee noodles were cut into specific lengths (Figure 3.1) 

after coming out from the roller for the last time in the cutting step. Dry noodles were cut 

after the drying process was completed. 

3.3.3 Sample Preparations 

Each type of noodle was evaluated in the order of their uncooked appearance, 

cooked appearance, and then cooked texture. Twenty grams of uncooked noodles were 

placed on a non-gloss white paper plate from each sample for uncooked appearance 

evaluation. They were coded with three-digit random numbers and laid side by side on a 

white covered table. 

Cooked noodle samples were prepared during the evaluation of the uncooked 

appearance. Several cooking stations were set up according to the number of samples in 

each set of noodles. A complete set of samples from one type of noodle was cooked 

simultaneously. A measured amount of noodles (150 g for dry and yee, 350 g for fresh 

and 250 g for wet) was cooked in a measured amount of boiling water (1:10 w/v, 

noodle:water). The timer was set when the noodles were completely immersed in the 

boiling water. Gentle stirring with chopsticks was necessary to prevent noodle strands 

from sticking together. After cooking, noodles were drained with a strainer and cooled in 



Figure 3.1. Noodle processing of Taiwanese Dry, Fresh, Wet and Yee noodles by Taiwanese industry representatives on 
an Ohtake noodle machine. 

Dry Noodle   ^— 
Flour 100% 
Water 32-35% 
Salt 2% 

Fresh Noodle  
Flour 100% 
Water 26-28% 
Salt 1.2% 

Wet Noodle    

Flour 100% 

Water 30-35% 

Salt 2.0% 

Alkaline salt 0.9% 

Polyphosphate0.1% 

Colorings 18ppm 

Yee Noodle      

Flour 100% 

Water 32-35% 

Salt 2.0% 

Alkaline salt 0.9% 

Polyphosphate 0.1% 

Colorings lOppm 

1. MIXING 
First speed (45 rpm): 2min 

Second speed (90 rpm): 8min 

2. COMBINING &AGING 
Made 6.0 mm thick dough 

Aged for 30 min 

3. SHEETING 
Reduced to 5.0 mm-4.0 mm- 
3.0mm-2.0mm-1.5 mm- 

CUTTING 
DRY - Length: 25 cm 

FRESH - Length: 50 cm 

WET - Length: 30 cm 

YEE - Length: 30 cm 

I 

For DRY NOODLE only: 

5. DRYING 

Temp: 28-300C, for 4-5 hrsj^- 

RH: 68-70% 

For FRESH, WET, and YEE Noodle 

7. COOKING FOR TESTING 
Noodle: 50g 

Water: 500 ml 

Cooking time: as determined (see Table 2) 

-DRY - 1.0 mm 
-FRESH -1.2 mm 
-WET -1.2 mm 
-YEE - 1.0 mm 

4. SLITTING 
DRY NOODLE 

Thickness: 1.0 mm 

Width: 3.0 mm 

FRESH NOODLE 

Thickness: 1.2 mm 

Width: 3.0 mm 

WET NOODLE 

Thickness: 1.2 mm 

Width: 1.5 mm 

YEE NOODLE 
Thickness: 1.0 mm 
Width: 3.0 mm 
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water with an initial temperature of 14-15 C for 10 seconds. The strainer was tapped ten 

times to discard excess water on the noodle surface. Dry, fresh and yee noodles were 

cooked to their doneness point at this stage according to a predetermined cooking time 

(Table 3.2). They were then served. For wet noodles, oiling followed the first cooking 

stage. Wet noodles were boiled for 4 min. and coated with 1% (w/w) oil, before cooking 

to doneness for another 40 seconds.   The optimum cooking time for each noodle sample 

was determined by the Taiwanese using the two watch-glass method which corresponds to 

AACC method 16-50 (AACC, 1995). Disappearance of 85-90% of the white core in the 

noodle strand indicated the doneness point. The optimum cooking time of the noodles 

was set before they were fully cooked to prevent overcooking when evaluated in hot 

broth. 

Twenty grams of cooked noodles were set aside on non-gloss white paper plates 

and evaluated for their cooked appearance under the same conditions as the uncooked 

samples. The rest of the noodles were evenly distributed into styrofoam bowls, 

approximately 15 gram each (wt. before cooked), and served to the panelists for texture 

evaluations which followed immediately after cooked appearance evaluations. 

3.3.4 Sensory Assessment 

The 6 expert panelists who evaluated the four types of Taiwanese noodles were 

representatives of flour millers and noodle manufacturers from Taiwan with 9-30 years 

experience evaluating wheat noodle quality. The Taiwanese scoring system and descriptive 

analysis were conducted consecutively. Panelists evaluated the appearance of 



Table 3.2. Optimum cooking time of Taiwanese dry, fresh, wet, and yee noodles determined by Taiwanese representatives 
using the AACC 16-50 method. 

Noodle Type 
Samples 

Optimum 
cooking time 

Noodle Type 
Samples 

Optimum 
cooking time 

Dry Noodles 
Taiwan flour 
HRS+HRW 

Commercial Wu-Mu 
HWW1 (ID377S-Patent) 
HWW2 (Klasic-Patent) 

HWW2 (Klasic-Straight) 

5 min 30 sec 
5 min 50 sec 
7 min 0 sec 
5 min 50 sec 
6 min 0 sec 
5 min 30 sec 

Fresh Noodles 
Taiwan flour 
HRS+WW 

HRW+WW 
HWW1 (ID377S-Patent) 
HWW2 (Klasic-Patent) 

HWW2 (Klasic-Straight) 

4 min 50 sec 
4 min 55 sec 
4 min 30 sec 
4 min 10 sec 
4 min 10 sec 
4 min 30 sec 

Wet Noodles 
Taiwan flour 
HRS+HRW 

HWW2 (Klasic-Patent) 
HWW2 (Klasic-Straight) 

precooked 4 min 
40 sec 
40 sec 
40 sec 
40 sec 

Yee Noodles 
Taiwan flour 
HRS+HRW 

HWW1 (ID377S-Patent) 
HWW2 (Klasic-Patent) 

HWW2 (Klasic-Straight) 

4 min 40 sec 
4 min 40 sec 
4 min 40 sec 
4 min 40 sec 

4 min 40 sec 

to 
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uncooked and cooked noodles under daylight illumination. For texture and flavor 

evaluations, which were conducted in individual booths, each panelist received a complete 

set of samples in styrofoam bowls along with a cup containing 6 oz. of beef broth. Beef 

broth was prepared from 200g of beef soup base (Pacific Foods, Kent, Washington 

98031) mixed with 5 liters of boiling water. 

3.3.4.1 Descriptive Test 

It was not possible due to time constraints, to carry out a thorough descriptive 

analysis training of the Taiwanese representatives. However, they were very enthusiastic 

about using the technique and therefore a modified descriptive analysis was performed. 

Two 2-hour sessions were conducted for generating descriptive terms. Three categories 

of descriptors were evaluated; appearance of uncooked noodles (UA) and appearance 

(CA) and texture (CT) of cooked noodles. Flavor was not considered an important 

attribute, even though the Taiwanese still rated it on their overall quality test. The 

Taiwanese generated 10 descriptive terms along with their definitions for evaluation of 

Taiwanese noodles (Table 3.3). Descriptive tests were conducted on each type of noodle. 

"Speckled" for appearance of uncooked noodle was only assessed in fresh noodles. Wet 

noodles were not evaluated for shininess on their cooked appearance since they were oil 

coated. An eleven point category scale (0=none, 10=extreme) was utilized to rate the 

degree of the attribute present in the sample. 



Table 3.3. Sensory terms and definitions developed by Taiwanese representatives for the descriptive test. 
Intensity rated using anll-point intensity scale (0=none, 10=extreine). 

Appearance (Uncooked and Cooked) 
Terms Scale Anchors (0—10) 
Brightness Dull Bright 
Smoothness Rough Smooth 

Yellowness Light Yellow Intense Yellow 
Whiteness None Extreme 

Shininess None Shiny 
Speckled None Extreme 

Texture (Cooked) 
Terms Scale Anchors (0—10) 
Smoothness Rough Smooth 

Softness None Extreme 

Chewiness None Extreme 

Ease of swallowing    None Extreme 

Definitions 
The degree of purity of the noodle color. 
The absence of rough edges on the noodle strands perceived 

by appearance and by finger touch. 

The intensity of yellow color on the noodle surface. 
The intensity of whiteness on the noodle surface 

(free from darkening). 
The measure of glossiness/shininess on the noodle surface. 
The amount of dark spots on the noodle surface. 

Definitions 
The absence of rough edges and rough surface perceived on 
the lips; the ease of drawing the noodle in over the lips. 

The ease of compression of the samples 
on the first bite. 

The amount of force required to chew the samples. 
Less force indicated low chewiness. 
The degree of smoothness of samples perceived in the throat 
upon swallowing. 

to 
00 
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3.3.4.2 Quality Test 

Quality tests were conducted following the descriptive tests on each type of noodle 

using the scoring system commonly used by the Taiwanese flour millers and noodle 

industry representatives. A total of 60 possible points covered the quality of noodle 

appearance (15 points), texture (35 points), and flavor (10 points). Appearance quality 

was evaluated based on brightness of uncooked noodles and brightness and smoothness of 

cooked noodles. Texture quality was defined by hardness and chewiness of cooked 

noodles. Flavor quality was not clearly described. Flavor quality ratings did not show 

significance in separating the samples, and thus were not reported in this study 

(Figure A-l). Flavor descriptive ratings were also omitted from the study by consensus 

from the experts. 

3.3.5 Experimental Design 

A split plot design was adopted for this study. Flour samples were considered as 

the whole plot, and noodle samples made from each flour were the subplot. Only one 

batch of noodle sample was processed from each flour, however, the panelists evaluated 

the sample twice. A total of 7 sets of noodles, two sets from each flour sample for each 

type of the noodles (except for dry noodles) were tested over the 3-day testing period. 

Fresh, wet and yee noodles were evaluated twice on the same day as they were made. Dry 

noodles were evaluated 4 days after processing. Each replication consisted of a complete 
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set of samples placed in randomized order on a tray and presented to the panelists. 

Panelists evaluated and rated noodle samples for their intensity on descriptive terms 

followed by their quality scores. 

3.3.6 Statistical Analysis 

All data collected from both descriptive and quality tests were analyzed per noodle 

type using SAS version 6.11 (SAS Institute, Inc., 1988). Three types of analyses were 

utilized in this study; Principal Component Analysis (PCA), Analysis of Variance 

(ANOVA), and multiple comparison test using Fisher's Protected Least Significant 

Difference (LSD). 

Descriptive data for all noodle types were analyzed together using PCA to 

determine the sensory profile of each type of noodle. Likewise, descriptive data per 

noodle type were subjected to PCA in order to determine the sensory descriptors which 

explained the most variation between the samples. The PCA scores for each axis were 

then analyzed by ANOVA and the significant axes (p<0.05) were subjected to an LSD test 

at p<0.05% significance level to determine differences between samples. It was not 

possible to run ANOVA on dry noodle PCA scores since there was no replication 

conducted. Mean ratings for each sample on each descriptive term were calculated across 

all panelists. They were then analyzed by ANOVA using a mixed effect model 

(O'Mahony, 1985; Lundahl and McDaniel, 1988) and Fisher's Protected LSD test at 

p<0.05 significance level to obtain differences between samples per descriptor. The model 

for the ANOVA contained panelist, sample, replication, and all possible 2-factor 
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interactions as main effects. Both panelist and sample were treated as fixed effect, while 

replication as random effect. 

Quality test data were subjected to ANOVA with a mixed effect model and 

Fisher's Protected LSD test at p<0.05 significance level. Similar to the descriptive test 

analysis, the ANOVA model for the quality test also contained panelist, sample, 

replication, and all possible 2-factor interactions. Again, panelist and sample effects were 

treated as fixed, while replication was treated as random. 

For both descriptive and quality tests, panelist by sample interactions from the 

ANOVA were examined for each attribute to determine consistency of panelists in rating 

the samples as a group. Panelist by replication interactions were also examined to 

determine the ability of the panelists in replicating within themselves. One panelist's data 

was omitted from the entire analysis for wet noodles due to his inconsistency in rating the 

samples as a group. Unfortunately large variations on both quality and descriptive ratings 

still existed in the wet noodle results. The variations may have been due to complications 

in sample preparation, since the panelists showed consistency in rating the samples as a 

group. Wet noodles require a short term second cooking (40 sec) which may have caused 

uneven doneness. This might have effected both appearance and texture quality of wet 

noodle samples. 

3.4 Results and Discussion 

Prior to investigating the sensory properties and qualities of Taiwanese noodles, 

performance of the expert panel, having had little training, was reviewed. The overall 
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results on both quality and descriptive tests indicated that the Taiwanese panelists were 

able to replicate themselves in rating the attributes of the samples. Analysis of variance on 

descriptive tests, however, showed some large standard deviations and significant panelist 

by sample interaction effect on a few descriptive terms which implied that some panelists 

were not agreeing with others in rating the samples. Further examination was performed 

by looking at the sample interaction plot on all samples to examine inconsistencies 

between the panelists. It was found that panelists rated the samples in similar trends, 

however, some of them used different parts of the scale. This type of result is common 

even with more extensively trained panelists. 

3.4.1 Sensory Profile of Four Major Types of Taiwanese Noodles 

When placed on a common PCA plot, samples from each type of noodle were 

grouped together into a different sensory space (Figure 3.2). PCI separated the samples 

based on appearance, while PC2 separated samples based on texture. Dry noodles were 

highest in PCI which was defined by high uncooked brightness, smoothness, and 

shininess, and cooked brightness and smoothness. Dry noodles also had lower 

smoothness, softness, and ease of swallowing characteristics compared to fresh, wet and 

some of yee noodles. Dry noodles were the least yellow among the four noodle types. 

When compared to other types of noodles which have similar ingredients (fresh noodles), 

dry noodles made from the same flours were also less yellow. Oh et al. (1985) explains 

that most yellow pigment fades during drying, probably due to pigment oxidation by air, 

which results in less yellow noodles. 



Figure 3.2. Sensory profile of four different types of Taiwanese noodles:  (Wet (W), Fresh (F), 
Dry (D) and Yee (Y)). UA=uncooked appearance; CA=cooked appearance; 
CT=cooked texture.  Numbers in parantheses represent the loadings of the corresponding 
descriptor obtained from the eigenvectors of the PCA. 

Smoothness-CT (0.48) 
Softness-CT (0.46) 
Ease of Swallow-CT (0.48) 

2.5- 

w 

U 

0- 

-2.5- 

Wet noodles Fresh noodles 
Y 

Dry noodles + ~B\ 

D 

D   D     D 

D 

o 

Yellowness-CA(-0.31) 

PCI (42%) 
Brightness-UA (0.32) 
Smoothness-UA (0.33) 
Shininess-UA (0.36) 
Brightness-CA (0.30) 
Smoothness-CA (0.35) 

Ui 
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Fresh noodles fell in the middle plane of PCI between dry and wet noodles and 

had medium brightness, smoothness, shininess, and yellowness. They were higher in 

smoothness, softness, and were easier to swallow than dry noodles. They were not as 

bright and smooth as dry noodles, but they were also not as yellow and rough in 

appearance as wet noodles. Fresh noodles shared similar texture characteristics with wet 

and some of yee noodles. Fresh, wet and yee noodles were smoother, softer and easier to 

swallow than dry noodles. 

Wet noodles were the most yellow Taiwanese noodles. They had the dullest, least 

shiny and the least smooth appearance compared to the other Taiwanese noodles. They 

were very similar in texture characteristics to fresh noodles and some yee noodles. They 

were smoother, softer and easier to swallow than dry noodles. 

Yee noodles were very similar to fresh noodles, however, some samples were 

more yellow than fresh noodles. Although not labeled on Figure 3.2, yee noodles made 

from 2 HWW patent flours fell on the same area with fresh noodles. Like the fresh 

noodles, these two yee noodle samples were also medium in brightness, smoothness, 

shininess, and yellowness. They were also smoother, softer, and easier to swallow than 

dry noodles. The other three flours, Taiwan flour, HRS+HRW, and HWW2 (Klasic- 

straight), were more yellow than the yee noodles made from two patent flours. These 

three yee noodles shared similar appearance characteristics with wet noodles, however, 

they were closer to dry noodles in all texture characteristics. 
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3.4.2 Evaluation of Individual Noodle Types 

In Taiwan, fresh and dry noodles are categorized as white salted noodles. Alkaline 

salt is not added, thus the white to light yellow appearance comes naturally from the flour 

pigments. Fresh and dry noodles are slightly different in their processing since dry noodles 

have to undergo drying (Figure 3.1). Unlike dry noodles which are sold dry, fresh noodles 

are sold raw after processing. Color stability is an important factor which influences fresh 

noodle quality more than dry noodles. Fresh noodles undergo color and appearance 

changes faster than dry noodles, since polyphenol oxidase (PPO), responsible for noodle 

darkening is active under fresh noodle conditions (Miskelly, 1984).    For dry noodles, 

polyphenol oxidase (PPO) activity is retarded during drying. 

In this study, flour samples selected for making fresh noodles were different from 

those selected for dry noodles. Hard red samples (HRW and HRS) were blended with 

white wheat (WW) flour for fresh noodles, but HRW and HRS were used together as 

blends for dry noodles. White wheat flours are usually used for adjusting appearance 

quality in noodle making, since hard red wheat usually produce noodles with inferior color 

and appearance (Lamkin et al., 1981). Hard white wheats (HWW) were used individually 

for both fresh and dry noodles since they are known to give better appearance quality than 

noodles made with hard red wheat (HRW and HRS). 

Based on their ingredients, yee and wet noodles group into a different category 

from fresh and dry noodles. They are categorized as yellow alkaline noodles, since 

alkaline salts are added. Color and appearance of yee and wet noodles are mostly 
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influenced by alkaline salts, which cause a yellow color due to pigments under alkaline 

condition (Miskelly and Moss, 1985). In this study, yee and wet noodles were made from 

the same set of flour samples as the dry noodles (Table 3.1). 

3.4.2.1 Fresh Noodles 

3.4.2.1.1 Quality Ratings 

From the 6 fresh noodle samples evaluated, HRW+WW was rated highest in 

overall sensory, appearance, and texture quality (Figure 3.3). This sample, however, was 

not significantly different (p>0.05) in overall sensory and texture quality from the other 

samples, except from HWW1 (ID377S-patent). For appearance quality, fresh noodles 

made from Taiwan flour, HRS+WW, and HRW+WW were rated higher than hard white 

wheat (HWW) samples. 

3.4.2.1.2 Descriptive Analysis 

Although in the quality test of fresh noodles there were only a few significant 

differences, analysis of descriptive test data provided significant separation of the samples 

(p<0.05) through ratings of descriptive terms. PCA placed the samples into 3 groups on 

PCI (Figure 3.4). 

HRW+WW, which was scored highest in overall and appearance quality, was 

located on the negative end of PCI and PC2. It had the most yellow color and smoothest 

appearance compared to other samples (Table A-l). 
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Figure 3.3. Appearance, texture, and overall sensory quality ratings of 
Taiwanese fresh noodles made from Taiwan and US wheat 
flours evaluated by Taiwanese industry representatives using 
the Taiwanese noodle industry scoring system. 
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Figure 3.4. Principal component plot of Taiwanese fresh noodles separated by their sensory descriptive 
attributes on PCI and PC2 axes. UA=uncooked appearance; CA=cooked appearance; 
Cr=cooked texture. Samples within the same group are not significantly different at p<0.05 on PCI. 
Numbers in parantheses represent the loadings of the corresponding descriptor obtained from 
the eigenvectors of the PC A. 
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All fresh noodle samples which scored high in appearance quality, HRW+WW, 

HRS+WW, and Taiwan flour were rated low in whiteness and high in yellowness 

(Table A-1). 

The lowest quality fresh noodles were prepared from HWW1 (ID377S-patent). All 

fresh noodles made from all hard white wheat (HWW) rated low in appearance quality and 

were high in whiteness (p<0.05) (Table A-l). 

Although Taiwanese representatives rated HRW+WW highest among other 

samples in quality, this sample may have not yet satisfied overall requirements for fresh 

noodles. When compared to Taiwan flour which currently is used in Taiwan for fresh 

noodles making, HRW+WW was comparable in quality; however, HRW+WW noodles 

were less bright and less white than noodles made from Taiwan flour. HRW+WW 

noodles, however, were higher in yellowness suggesting than this attribute is a critical 

quality indicator. Like all other noodles, the Taiwanese prefer their fresh noodles to be 

chewy in texture. 

3.4.2.2 Dry Noodles 

3.4.2.2.1  Quality Ratings 

Taiwanese representatives, using their quality rating system, rated the commercial 

sample highest in overall sensory quality (Figure 3.5), as well as highest in quality for 

appearance and texture, although for texture quality, it was not significantly different from 

HWW1 (ID 377S-patent) and HWW2 (Klasic-straight). Noodles made from HWW1 
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(ID377S-patent) were closest in appearance quality to the commercial sample. Dry 

noodles made from HWW2 (Klasic-straight) were second highest in overall sensory and 

texture quality. HWW2 (Klasic-patent), HRS+HRW, and Taiwan flour rated lowest in 

overall sensory, appearance and texture quality. 

3.4.2.2.2 Descriptive Analysis 

On the principal component plot, the Wu-Mu (Commercial) sample, rated highest 

in overall, appearance, and texture quality by the Taiwanese noodle experts, was 

positioned on the positive axis of PCI (Figure 3.6). It was high in whiteness of uncooked 

and cooked noodles, smoothness, softness, and ease of swallowing of cooked noodles. 

The two hard white patent samples, HWW1 (ID377S-patent) and HWW2 (Klasic-patent), 

located next to the Wu-Mu sample on PCI, were not significantly different in appearance 

quality to the Wu-Mu sample. The appearance descriptors that pulled these HWW wheat 

noodles closer to the Wu-Mu samples were brightness, whiteness, smoothness, and 

shininess (Table A-2). HWW2 (Klasic-straight) noodles, rated as the second best in 

overall and texture quality, and Wu-Mu sample were significantly higher (p<0.05) in 

chewiness compared to other dry noodle samples. 

The lowest quality samples, Taiwan flour and HRS+HRW flour, fell on the 

negative side of PCI. They were described as samples with high yellowness, but low in all 

descriptors which define the PCI positive axis. Dry noodles made from a blend of Hard 

Red Spring and Hard Red Winter wheat flours, which rated lowest in appearance quality, 

were dull and dark in their appearance before and after cooking. 
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Figure 3.5. Appearance, texture, and overall sensory quality ratings of 
Taiwanese dry noodles made from Taiwan and US wheat 
flours evaluated by Taiwanese industry representatives using 
the Taiwanese noodle industry scoring system. 
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Figure 3.6. Principal component plot of Taiwanese dry noodles separated by their sensory descriptive 
attributes on PCI and PC2 axis. UA=uncooked appearance; CA=cooked appearance; 
CT=cooked texture. Numbers in parantheses represent the loadings of the corresponding 
descriptor obtained from the eigenvectors of the PC A. 
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Both HRS+HRW and the Taiwan flour were also rated high in yellowness for their 

cooked noodles (Table A-2), which explains their lower ratings on appearance quality by 

the Taiwanese noodle experts. Taiwanese industry representatives rated the noodles made 

from Taiwan flour, HRS+HRW, HWW1 (ID377S-patent), and HWW2 (Klasic-patent) 

lowest in texture quality. They were significantly lower in chewiness (p<0.05) than the 

commercial samples and HWW2 (Klasic-straight). Both Taiwan flour and HRS+HRW 

also rated the lowest in smoothness, softness and ease of swallowing. 

Although dry noodles and fresh noodles are both white salt noodles, the Taiwanese 

representatives selected different flours as making the highest quality noodles for each 

style. Bright, white, smooth, and shiny were the descriptors that were important in dry 

noodle appearance. Dry noodles were smooth, soft, and easy to swallow, but were chewy 

in texture. 

3.4.2.3 Yee Noodles 

3.4.2.3.1  Quality Ratings 

Yee noodles is one type of Taiwanese alkaline noodles. Yee noodles have similar 

ingredients to wet noodles, however, their processing and preparation are slightly different 

(Figure 3.1). The Taiwanese noodle experts rated HWW1 (ID377S-patent) and HWW2 

(Klasic-straight) samples as the two most acceptable flour samples for yee noodles (Figure 

3.7). They were rated significantly higher (p<0.05) in appearance, texture and overall 

sensory quality than any other yee noodle samples. Between these two highest quality 
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samples, HWW1 (ID377S-patent) was rated higher in appearance quality than HWW2 

(Klasic-patent) while HWW2 (Klasic-patent) was rated higher in texture quality than 

HWW1 (ID377S-patent). 

The control flour from Taiwan (namely Taiwan flour) was rated similar in quality 

to HWW2 (Klasic-straight). They were both rated lower in appearance, texture and 

overall sensory quality than HWW1 (ID377S-patent) and HWW2 (Klasic-patent). 

HRS+HRW samples were rated lowest among the samples in appearance, texture, and 

overall quality. 

3.4.2.3.2 Descriptive Analysis 

Based on PCA, the yee noodle samples were significantly separated on PCI 

(explained 77.85% total variation) by brightness, whiteness, and shininess of uncooked 

and cooked noodles (Figure 3.8). Chewiness, softness and yellowness explained 13.29% 

of the variation among the samples (PC2); however, yee noodle samples were not 

significantly separated based on these terms. 

Using descriptive terms found important in the separation of samples by PCA, 

sensory characteristics of the highest quality yee noodle samples were examined. The two 

highest overall quality samples, HWW1 (ID377S-patent) and HWW2 (Klasic-patent), are 

located on the positive axis of PCI (Figure 3.8). They were defined as the brightest, 

whitest, and the most shiny samples among all yee noodles tested. They were also the two 

yee noodle samples rated highest in appearance quality. Likewise, analysis of variance on 

individual descriptive terms indicated that they were significantly higher (p<0.05) in those 
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Figure 3.7. Appearance, texture, and overall sensory quality ratings of 
Taiwanese yee noodles made from Taiwan and US wheat 
flours evaluated by Taiwanese industry representatives using 
the Taiwanese noodle industry scoring system. 
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Figure 3.8. Principal component plot of Taiwanese Yee noodles separated by their sensory descriptive 
attributes on PCI and PC2 axis. UA=uncooked appearance; CA=cooked appearance; 
CT=cooked texture. Samples within the same group are not significandy different at p<0.05 on PCI. 
Numbers in parantheses represent the loadings of the corresponding descriptor obtained from 
the eigenvectors of the PCA. 
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terms (brightness, whiteness, and shininess) than any other yee noodle samples (Table A- 

3). In terms of texture characteristics, HWW1 (ID377S-patent) and HWW2 (Klasic- 

patent) were significantly smoother, softer, and easier to swallow than other yee noodles 

(Table A-3). 

The two samples rated medium in overall sensory quality were Taiwan flour and 

HWW2 (Klasic-straight) (Figure 3.7). They were grouped together on the PCA plot 

(Figure 8) and rated significantly lower (p<0.05) than HWW1 (ID377S-patent) and 

HWW2 (Klasic-patent) on brightness, whiteness, and shininess which explained their 

lower quality rating in both overall sensory and appearance. HWW2 (Klasic-straight), 

however, was not significantly different (p>0.05) in texture quality from the highest 

quality samples, HWW1 (ID377S-patent) and HWW2 (Klasic-patent) (Figure 3.7). 

HWW2 (Klasic-straight) was rated equal in chewiness to HWW2 (Klasic-patent), 

however, it was rated significantly lower in smoothness and ease of swallowing than 

HWW1 (ID377S-patent) and HWW2 (Klasic-patent), which probably caused it to be 

rated lower in texture quality. 

The lowest quality samples were also examined to determine which attributes 

cause samples to be rated low in quality. HRS+HRW, lowest in overall sensory, 

appearance, and texture quality, was located on the negative axis of PCI (Figure 3.8). It 

was characterized as the least bright, least white, and least shiny yee noodle. Likewise, 

HRS+HRW had the lowest intensities in most texture attributes, especially ease of 

swallowing (Table A-3). 

Taiwanese representatives were concerned about both appearance and texture in 

determining yee noodle quality. They rated yee noodle samples that were the brightest, 
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least dark, and most shiny as highest in quality. They also preferred yee noodle samples 

that were chewy, easy to swallow, and had a smooth surface and soft first bite. Yee 

noodles requirements are very similar to dry noodles. Taiwanese representatives selected 

the same highest quality (HWW1 (ID377S-patent)) and the same lowest quality 

(HRS+HRW) samples for both yee and dry noodles. 

3.4.2.4 Wet Noodles 

3.4.2.4.1 Quality Ratings 

Four out of five types of flour used for making yee noodles, were also made into 

wet noodles (Table 3.1). Unlike yee noodles where HRS+HRW was rated the lowest in 

overall sensory quality, HRS+HRW received the highest scores in overall sensory, 

appearance, and texture quality for wet noodles (Figure 3.9). However, only texture 

quality for HRS+HRW was rated significantly higher (p<0.05) than other samples. 

Overall sensory and appearance quality were not significantly different between the 

samples (p>0.05). Wet noodles made from HWW2 (Klasic-straight) flour were closest in 

texture quality to HRS+HRW. Taiwan flour and HWW2 (Klasic-patent) were rated 

lowest in overall sensory, appearance, and texture quality. 

3.4.2.4.2 Descriptive Analysis 

Wet noodle attributes were evaluated using the same descriptive terms as were 

used for yee noodle evaluations except shininess of cooked appearance. Assessing 
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shininess of cooked appearance for wet noodles was irrelevant since wet noodles were 

covered with oil after cooking. 

The placement of the 4 wet noodle samples based on their appearance and texture 

characteristics on the PCA plot can be seen on Figure 3.10. The plot, however, showed 

poor replication of the samples (possibly due to cooking problems), except for 

HRS+HRW. Thus, discussion on sensory characteristics of wet noodles is limited only to 

HRS+HRW. 

HRS+HRW, rated highest in overall sensory, texture and appearance quality, was 

characterized as the sample highest in smoothness and whiteness for appearance and 

highest in chewiness, smoothness and ease of swallowing for texture (PCI) (Figure 3.10). 

Among 13 descriptive terms used for characterizing wet noodles, only three attributes, 

whiteness of uncooked appearance, smoothness of cooked appearance and smoothness of 

cooked texture were significantly different (p<0.05) between the samples (Table A-4). 

HRS+HRW was significantly higher in those attributes. 

HRS+HRW performed differently when made into yee noodles, as these noodles 

were least white in appearance and least smooth in texture. Although yee and wet noodles 

have similar ingredients, they were processed and prepared differently (Figure 3.1). The 

total amount of cooking time for yee and wet noodles was 4 min 40sec, however, wet 

noodles were cooked twice, while yee noodles were cooked once before serving (Table 

3.2). This difference in preparation may have significantly affected the sensory properties 

(appearance and texture) of these noodles. Processing and preparation methods have 

significant effects on water absorption, starch gelatinization, and protein matrix 
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Figure 3.9. Appearance, texture, and overall sensory quality ratings of 
Taiwanese wet noodles made from Taiwan and US wheat 
flours evaluated by Taiwanese industry representatives using 
the Taiwanese noodle industry scoring system. 
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Figure 3.10. Principal component plot of Taiwanese wet noodles separated by their sensory descriptive 
attributes on PCI and PC2 axis. UA=uncooked appearance; CA=cooked appearance; 
CT=cooked texture. Numbers in parantheses represent the loadings of the corresponding descriptor 
obtained from the eigenvectors of the PCA. 
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development which subsequently influence noodle color and surface characteristics (Rho 

et al, 1988; Oh et al., 1985). 

Taiwanese alkaline noodles, wet, yee, and dry noodles, have similar quality 

requirements. Like yee and dry noodles, Taiwanese representatives picked the least dark 

and the smoothest sample as the highest quality wet noodle, although these characteristics 

were found in different flour samples for dry and yee noodles. 

3.5 Conclusions 

From the findings of this study we conclude that noodle quality requirements are very 

complex even within one country. Combining expert quality ratings and descriptive 

analysis has provided a sensory quality assessment of Taiwanese noodles. We were able 

to identify U.S. wheat varieties that satisfy quality requirements of each type of noodle. 

Of the two factors that determine noodle quality, appearance and texture, 

appearance characteristics are more influenced by the noodle type. Different types of 

Taiwanese noodles resulted in subtle differences in texture characteristics. 

Future research on the relationship between sensory properties and flour 

composition is needed in order to explain the chemical and physical basis of certain quality 

parameters in the appearance and texture of noodles. 
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4.1 Abstract 

Texture is critical to the eating quality of Asian noodles. Each Asian country has 

different texture quality requirements therefore it is important to understand the 

requirements of each country accross their main styles of noodles. This study was 

undertaken to better understand the noodle texture profile of fresh noodle styles in 

Taiwan, Thailand, and Malaysia in order to meet their different quality requirements. A 

total of 16 patent flour samples for Taiwan, and 18 straight grade flour samples each for 

Thailand and Malaysia, were milled from hard white wheat varieties. Noodles were made 

with an Ohtake noodle machine using conditions specific for each of the noodle styles. A 

lexicon of 17 texture descriptors was utilized for texture evaluation by a descriptive panel. 

The Taiwanese raw noodles were characterized as the smoothest, springiest, and were 

highest in integrity of noodles. Thai bamee noodles were the hardest, most dense, 

cohesive noodles and were also higher in starch between teeth and toothpull. Malaysian 

hokkien noodles were the softest, least dense, cohesive, and least sticky noodles. The 

optimum ranges of the flour protein constituents for high quality samples were 

determined. 
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4.2 Introduction 

Texture is one of the primary factors (aside from color and appearance) that 

determines the quality and acceptance of noodles by Asian consumers. Due to the 

noodles' numerous differences in ingredients, processing variables, and preparation 

techniques, Asian consumers have different definitions of a desirable texture for their 

noodles, within and between countries. In order to be able to facilitate textural quality 

requirements of Asian noodles, understanding the texture characteristics of each countries' 

noodles is needed. 

Sensory evaluation has been employed by many noodle researchers for measuring 

textural characteristics of Asian noodles (Oda et al., 1980; Oh et al., 1985a; Miskelly and 

Moss, 1985; Crosbie, 1991). Unfortunately, the sensory techniques that were employed 

by these researchers were used for quality evaluation instead of for assessing the intensity 

of the noodle textural characteristics. Therefore, it was not possible to use these results to 

establish noodle sensory profile specific to an Asian country. Through descriptive analysis 

which is a quantitative method for assessing product sensory characteristics, a profile for 

each Asian country's noodles can be determined. 

Although sensory evaluation is the only tool that involves the evaluation of all of a 

product's texture characteristics, other measurements, such as flour analysis, starch 

analysis, and dough rheological testing are more efficient and more commonly used by 

wheat breeders and flour millers. These researchers need a method which they can easily 

conduct and use to predict the sensory characteristics of noodles. 
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A positive result of this study would be to be able to predict noodle quality based on 

properties of the noodle flour. 

There are many flour parameters that have been reported to play important roles in 

the development of noodle texture. Protein content and protein quality are two flour 

parameters that have been extensively studied (Oh et al., 1985b; Oh et al., 1985c; Rho et 

al., 1988; Huang and Morrison, 1988; Baik et al., 1994). The protein matrix influences 

noodle firmness and chewiness, as well as noodle smoothness. Starch, another critical 

component influences noodle texture, mainly effects the surface roughness of noodles 

(Toyokawa et al., 1989; Baik et al., 1994; Oda et al., 1980). Other variables such as 

processing and preparation techniques are also factors that determine final textural 

properties of noodles (Ohet al., 1985a). 

The objectives of this study were three-fold: to define the texture profile of 

noodles from three Asian countries; to determine important textural parameters which 

separate high quality from low quality samples; and to investigate the relationship between 

textural parameters to flour protein properties. 

4.3 Materials and Methods 

4.3.1 Flour Samples 

Eighteen varieties of Hard White Winter (HWW) wheat from the 1995 crop were 

provided by breeders from Oregon (6 varieties), Idaho (4 varieties), Kansas (4 varieties), 

Montana (3 varieties), and California (1 variety) to the Wheat Marketing Center (WMC), 
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Portland, OR, for evaluation as part of their Asian noodle program. At the WMC, all 

wheat samples were milled on a Miag Multomat Mill (Buhler-Miag Co., Switzerland) into 

16 patent flours and 18 straight grade flours (Tables 4.1 and 4.2). 

4.3.2 Analytical Assessment 

Flour analysis data were provided by the Wheat Marketing Center, Portland, OR. 

Protein content was determined using AACC method 46-30; Wet gluten: AACC 38-12; 

and Zeleny sedimentation volume: AACC 56-61A (Tables 4.1 and 4.2). All flour samples 

were adjusted to a 14% moisture basis. 

4.3.3 Noodle Processing 

4.3.3.1  Sample Preparations for Quality Testing 

At the Wheat Marketing Center, Portland, noodle and flour milling industry 

representatives from Taiwan (3 people), Thailand (2 people), and Malaysia (2 people) 

prepared and evaluated their own noodles for quality. The three Taiwanese industry 

representatives prepared their raw noodles from patent flours using a Tokyo Menki 

Horizontal mixer (Tokyo Menki Noodle Line, Japan) for flour mixing, and a Tokyo Menki 

Line (Tokyo Menki Noodle Line, Japan) for sheeting and cutting. Taiwanese 

representatives used cutter no. 12 for cutting the noodle dough into strands. The two 

Malaysian and two Thai industry representatives used a Kitchenaid mixer (The Hobart 

Manufacturing Co., Troy, OH) for dough mixing and an Ohtake noodle machine (Ohtake 
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Table 4.1. Specifications of flours used for making Taiwanese Raw Noodles. 
Flours used for making Taiwanese raw noodles are patent flour at 60% extraction. 

Flour samples used for analysis were adjusted to 14% moisture basis. 

Wheat Variety Protein Wet Sedimentation 
Gluten Volume 

(%) (%) (ml) 

494-ID 11.65 30.8 42.0 
490-ID 10.79 29.8 41.8 
889176-OR 9.10 25.8 35.9 
4880372-OR 12.21 30.2 33.4 
4895181-OR 11.96 30.6 51.2 
4870453-OR 10.57 26.7 48.8 
Klasic-OR 12.19 28.4 71.6 
ORO Blanco-KS 10.22 24.9 51.2 
Arlin-5AT-0934-KS 10.10 26.7 33.3 
Arlin-5AT-0917-KS 12.07 30.0 52.7 
Rio Blanco-5AT-0310-KS 10.09 24.5 44.2 
US 896-CA 11.54 33.8 38.9 
377D-TD 11.04 27.9 41.3 
Nuwest Experimental 1-MT 11.49 29.0 42.6 
Nuwest Experimental 2-MT 10.44 28.3 51.2 
Nuwest Experimental 3-MT 10.00 25.5 47.8 
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Table 4.2. Specifications of flours used for making Thai bamee and 
Malaysian Hokkien Noodles. 
Flours used for making Thai bamee and Malaysian hokkien noodles are 

straight grade flours at approx. 70% extraction. 

Flour samples used for analysis were adjusted to 14% moisture basis. 

Wheat Variety Protein Wet Sedimentation 
Gluten Volume 

(%) (%) (ml) 

690-ID 14.5 38.3 58.9 
494-ID 11.9 31.8 41.6 
490-ID 11.1 30.2 41.3 
850513-OR 10.1 26.0 34.6 
889176-OR 9.5 25.8 34.7 
4880372-OR 12.6 33.1 33.9 
4895181-OR 12.3 30.6 52.9 
4870453-OR 10.8 27.3 52.1 
Klasic-OR 12.6 28.9 71.7 
ORO Blanco-KS 10.6 24.8 53.2 
Arlin-5AT-0934-KS 10.5 27.3 35.0 
Arlin-5AT-0917-KS 12.4 31.2 54.7 
RioBlanco-5AT-0310-KS 10.4 24.8 46.4 
US 896-CA 11.8 33.8 39.5 
377D-ID 11.3 29.7 44.8 
Nuwest Experimental 1-MT 11.9 28.9 44.2 
Nuwest Experimental 2-MT 11.1 31.1 54.5 
Nuwest Experimental 3-MT 10.4 28.0 50.7 
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Noodle Machine Mfg. co. Ltd., Tokyo, Japan) with cutter no. 18 for Malaysian noodles 

and cutter no.20 for Thai noodles. Both countries' representatives used straight grade 

flours in making their noodles, similar to common practices in their own countries. 

4.3.3.2 Sample Preparations for Descriptive Testing 

The Ohtake noodle machine was transferred from the Wheat Marketing Center to 

the Oregon State University pilot plant for preparing noodles for descriptive analysis of 

these three countries' noodles. All noodles for the descriptive study were prepared using 

standard protocol provided by each country's representatives (Figure 4.1). Ingredients 

were mixed using a Kitchenaid electric mixer in a stainless steel bowl and a flat pedal as 

the attachment. All noodles were processed in an Ohtake noodle machine. For Taiwanese 

noodles, cutter no.18 was used to replace cutter no.12 since it was the smallest cutter 

available for the Ohtake noodle machine. 

4.3.3.2.1  Taiwanese Raw Noodles 

Taiwanese raw noodles were prepared from all 16 patent flours which ranged in 

protein content from 9.10 to 12.21% (Table 4.1). Taiwanese raw noodles were made 

from wheat flour, salt and distilled water using specific proportions (Figure 4.1). Flour 

was premixed for 3 min. During the first minute of premixing, the salt-water solution was 

slowly poured into the flour over a 30-sec period of time. After completion of premixing, 

the flour continued to be mixed for another 10 min. at increasing speed. After mixing, the 

crumbly dough was transferred to a plastic bag and 



Figure 4.1. Noodle processing specifications of Taiwanese, Thai, and Malaysian Fresh Noodles using an Ohtake Noodle Machine. 
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compounded with a rolling pin into a compact rectangular block with a dimension of 

5.5"x5.5". The dough block then rested for 30 min. Compounding using the Ohtake 

noodle machine was followed after the first resting. Compounded dough was rolled onto 

a rolling pin, covered with a plastic bag, and then it rested for the second time. After the 

second resting, the dough was continuously sheeted and finally cut to make noodle strands 

with a width of approximately 1.7 mm and thickness of 1.0 mm. Noodle strands were 

kept in a plastic bag and stored for 24 hours for next day evaluation. For sensory 

evaluation, Taiwanese raw noodles (1:10 (w/v) noodle:water ratio) were cooked for 

5 min. 

4.3.3.2.2 Thailand Bamee Noodles 

Thailand bamee noodles were prepared from 18 straight grade flours with protein 

contents which ranged from 9.5 to 14.5% (Table 4.2). All the ingredients listed for Thai 

bamee noodles in Figure 1, except the flour, were mixed. Similar to Taiwanese raw 

noodles, the mixture was slowly poured into the flour within 30 seconds of premixing. 

Mixing continued with increasing speed for another 5 min. The crumbly dough was 

transferred from the mixing bowl to a plastic bag and packed into a block. The dough 

rested for 30 min., and then was sheeted with an initial roller gap set at 4 mm. The initial 

pass was followed by a series of folding and passing (Figure 4.1). Unlike Taiwanese raw 

and Malaysian hokkien noodles, Thai bamee noodles did not go through a second resting. 

The dough sheet was successively reduced by passing through reduced roller gap widths. 

Noodle strands were obtained by cutting noodle dough into a width of 1.5 mm. 
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Noodle strands were stored in a plastic bag until the next day. Thai bamee noodles were 

prepared for sensory evaluation by cooking (1:10 (w/v) noodle:water ratio) for 4 min. 

4.3.3.2.3 Malaysian Hokkien Noodles 

Malaysian hokkien noodles were prepared from the same set of 18 straight grade 

flours with protein contents which ranged from 9.5 to 14.5% (Table 4.2). The Salt/NaOH 

solution was prepared by dissolving the two compounds in distilled water. Flour was 

premixed at initial speed for 1 min., and then at intermediate speed while the salt/NaOH 

solution was slowly added into the flour within 30 sec. The final mixing lasted for 4 min. 

There were three breaks during the final mixing. The first break was after 1.5 min. The 

second and third breaks were after every l-min. of mixing. The purpose of the breaks was 

to check the consistency of the crumbly dough and to clean the paddle and the bowl to 

allow uniform mixing and water hydration of the flour particles. A measured amount of 

distilled water was added slowly into the crumbly dough during breaks if the dough was 

determined to be too dry for starch granules to develop. The final mixing time was 

followed by compacting the crumbly particles into a dough block for resting. Rested 

dough was compounded and then sheeted in a progressively reduced manner to obtain a 

final thickness of 1.50 mm. The final dough was rolled on a rolling pin and covered with a 

plastic bag, then rested for the second time. After the second resting, the noodle dough 

was cut with cutter no. 18 to obtain noodle strands with a width of 1.7 mm. Malaysian 

hokkien noodles were precooked for 45 seconds and coated with 0.035%(w/w) vegetable 
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oil before stormg in a plastic bag for evaluation on the following day. Malaysian hokkien 

noodles (1:1.5 (w/v) noodle:water ratio) were cooked for another 2 min. before serving. 

4.3.4 Sensory Evaluation 

4.3.4.1 Quality Test 

Quality assessments by each country's representatives using each country's 

common practices were conducted at the Wheat Marketing Center (Janto et al., 1997). 

All noodle samples were stored for 24 hours prior to testing. Each country's 

representatives evaluated their own noodle samples over two sessions on one day. 

Panelists received one sample at a time with a 2-min break between samples. Panelists 

scored the noodle samples based on their appearance and texture quality. Higher scoring 

meant higher quality. 

4.3.4.2 Descriptive Test 

Descriptive analyses on the same set of samples were done at the Oregon State 

University Sensory Science Laboratory. Twelve panelists were trained using the 

Spectrum method (Meilgaard et al., 1991) for approximately 60 hours to master the 

texture lexicon which contains 17 terms covering the categories of surface, first chew, 

chew down, and expectoration (Pipatsattayanuwong et al., 1997). Each term on the 

lexicon was accompanied by standard references which anchored low, medium and high 

rating samples (Table 4.3). Panelists were trained on the sequence of surface attributes, 



Table 4.3. Texture descriptors, definitions and reference standard used in descriptive analysis of Taiwanese raw noodles, 
Malaysian hokkien noodles, and Thai bamee noodles by a trained panel. 

Category: Surface. 
Tedinique of evaluation: Draw 1-2 noodles into the mouth while pressing the noodle strands between lips. 
Sample size: Amount equal to 1-2 spaghetti strands. 
Descriptors Definition Reference standards* 
Wetness 
dry—wet 

Evaluate the amount of water layer 
on the noodle surface 

Wetness (4): US thin spaghetti 
(8): Korean dry noodles 

(12): Japan kishimen 
Slipperiness 
diags slips 

Evaluate the ease to draw (suck) the noodles 
into the mouth through the lips 

Slipperiness (4): Chinese dry noodles 
(7): US thin spaghetti 

(11): Japan kishimen 
Micro roughness 
smooth very chalky/grainy 

Evaluate file amount of small chalky and/or 
grainy particles on the noodle surface 

Micro roughness (3): Japan somen 
(9): Chinese dry noodles 

(11): Japan soba 
Macro roughness 
smooth bumpy 

Evaluate the amount of large bumps, lumps, 
ridges on the surface of the noodles 

Macro rougjmess (1): US thin spaghetti 
(6): Korean instant fried 

(11): Thai instant fried 

Category: First chew. 
Technique of evaluation: Place 1-2 noodles or enough noodles between the molars and chew 1-3 times. 
Sample size: Amount equal to 1-2 spaghetti strands. 
Chewing count: 1-3 chews. 
Descriptors Definition Reference standards* 
Hardness/firmness Evaluate the force required to compress Hardness (3): Japan somen 
soft-—hard/firm while chewing the mass of the noodles (6): Korean dry noodles 

(13): US thin spaghetti 
Cohesiveness Evaluate the degree to which the noodles Cohesiveness (3): Thai instant fried 
ruptures—cuts/shear—defoims deform rather than rupture (8): US thin spaghetti 

(12): Japan kishimen 
Springiness Evaluate the degree to which the noodles Springiness (4): Japan somen 
dead^)lastic resilient/elastic return to their original shape or feel resilient (8): US thin spaghetti 

during chewing (13): Korean instant fried 
Denseness Evaluate the compactness of the noodle Denseness (3): Japan somen 
airy—-dense cross section (7): Indonesian instant fried 

(11): Korean instant fried 
Starch between teeth Evaluate the sensation of starch or thick Starch between teeth (2): Japan somen 
no starch/clean to chew  noodles left between teeth after each chew (5): Indonesian instant fried 
large amount of starch (11): Japan kishimen 
Toothpull Evaluate the force to pull the molais apart Toothpull (4): Indonesian instant fried 
no force high force and out of the noodle mass after each chew (7): Korean instant fried 

(12): Japan udon 
•Numbers in parenthesis indicated the degree of the attribute present in the noodles rated based on the 16-point intensity scale (0=none; 15=extreme). 

-0 



Table 4.3. Continued. 

Category: Chew down. 
Technique of evaluation: Place 1-2 noodles or enough noodle samples between molars and chew 5-10 limes. 
Sample size: Amount equal to 1-2 spaghetti strands. 
Chewing count: 5-10 chews. 
Descriptors Definition Reference standards* 
Cohesiveness of mass Evaluate the degree to which the chewed Cohesiveness of mass (3): Thai instant ftied 
loose—-thick/gummy mass of noodles holds together (7): Indonesian instant fined 

(13): Korean wetudon 
Starchy matrix Evaluate the amount of perceived chalky/ Starchy matrix (3): Japan somen 
none large amount starchy particle suspended in the saliva (7): Malaysian instant ftied 

(10): Japan soba 
Integrity of noodles in matrix Evaluate the amount of noodle pieces veisus Integrity of noodles (4): Japan soba 

starch mush or paste in the chewed mass (8): Indonesian instant fried 
(10): Japan somen 

Condition of mass 
strands—beady—grainy—mushy 

Evaluate the descipUon of the particles 
in the mass 

Beady: Thai instant fried 
Strand: Japan somen 
Grainy: Japan soba 
Mushy: Korean wetudon 

Category: Expectoration. 
Technique of evaluation: Place 1-2 noodles or enough noodle samples between molars and chew 5-10 limes. Expectorate and evaluate residual left after expectoratjon. 
Sample size: Amount equal to 1-2 spaghetti strands. 
Chewing count: 5-10 chews. 
Descriptors Definition Reference standards* 
ChaUdness Evaluate the amount of chalky or starchy ChaDdness (0.5): Japan somen 
none large amount materials left in the mouth (1): Malaysian instant fried 

(4): Japan soba 
Sticky film Evaluate the tackiness of the coating Sticky film (1): US thin spaghetti 
nonstieky very sticky left in the mouth (2): Korean instant fried 

(3): Korean wetudon 
Greasy mouthfeel Evaluate the amount of thick greasy/fetty Greasy mouthfee (0.5): Japan somen 
none large amount film left on the roof of the mouth (2): Thai instant fried 

(3.5): Malaysian instant fried 
♦Numbers in parenthesis indicated the degree of the attribute present in the noodles rated based on the 16-point intensity scale (0=none; 15=extreme). 

oo 
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followed by first chew, chew down, and then, expectoration. A pilot testing on various 

types of noodle samples was conducted to determine the performance of the panelists 

before proceeding to testing of experimental samples. For the evaluation, panelists 

received one sample at a time and were asked to rate each term on a 16-point intensity 

scale (0=none and 15=extreme). Panelists evaluated a total of 8 noodle samples within 

two testing sessions each day. The panelists were given a 10-min break between sessions. 

Panelists were regularly refreshed on the 17 textural terms by participating in separate 

sessions for re-evaluation of all standard references. 

4.3.5 Experimental Design 

4.3.5.1 Quality Test 

Noodle samples for each country were evaluated only by that country's 

representatives. Samples were served randomly to the panelists. All samples for each 

country were evaluated in one day without replication, due to the briefness of the industry 

representative's visit and due to a limited amount of sample being available. 

4.3.5.2 Descriptive Test 

A split plot design was utilized for this study (Figure A-2). Within one country, 

three batches of noodles (considered as replications) were prepared. Each batch 

(replication) of one sample was treated as an independent sample. For each evaluation 

day, eight flour samples were randomly selected, made into noodles, and evaluated within 
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two sessions on the following day. Four samples at each session were presented to each 

panelist, one at a time. All panelists received the same sample each time. Approximately 

60 days of testing covered the evaluations of 3 batches each for the 16 noodle samples for 

Taiwan, and 18 noodle samples for both Thailand and Malaysia. 

4.3.6 Statistical Analysis 

All data collected from both the descriptive test and flour analysis tests were 

analyzed using SAS version 6.11 (SAS Institute, Inc., 1988) and SPSS 7.5 for Windows 

(SPSS, Inc., 1994). 

4.3.6.1 Analysis on Descriptive Data 

Two descriptive terms, macro roughness and condition of mass (Table 4.1), were 

omitted from the analysis since they were considered non-discriminatory terms (Powers, 

1988). Non-discriminatory terms are terms that are present in the list of descriptors, but 

are not perceived or present in the samples; or they are terms that are present in the 

samples but are perceived in the same amount for all samples. Macro roughness was 

eliminated from the analysis, since the data showed that this attribute was not present in 

the samples. Condition of mass was omitted from the analysis because the attributes did 

not differ across samples. 

Data from the three countries' descriptive tests were analyzed together using PCA 

to obtain the general textural differences of these specific noodles from these Asian 

countries. Each country's noodle data were also analyzed separately using PCA. Data 
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points were averaged over all panelists and replications after panelist and replications 

effects were checked and found to be not significant at the 0.05% confidence level. The 

PCA scores for each significant axis (p<0.05) were also analyzed through ANOVA and 

LSD to determine the significant groupings of the samples. Univariate ANOVA and 

Fisher's Protected LSD tests were also conducted on texture descriptors (Figure 4.2) to 

obtain separation of samples based on individual texture characteristics. All ANOVA 

were conducted using a mixed model where panelists and replications were treated as 

random effects, while samples were treated as a fixed effect (O'Mahony, 1985; Lundahl 

and McDaniel, 1988). 

4.3.6.2 Analysis on Flour Quality Data 

Data from flour analyses were subjected to Pearson's bivariate correlation after 

checking to ensure the data were normally distributed. All descriptors that appeared on 

each PCA were analyzed against all flour parameters to determine the occurrence of a 

linear relationship between each texture descriptor and each flour parameter. 

4.4 Results and Discussion 

4.4.1 Texture Characteristics of Fresh Noodle Styles Across Countries 

In this study, we found that all three fresh noodle styles from Taiwan, Thailand, 

and Malaysia were very different in their texture characteristics. Based on their 

ingredients, Taiwanese raw noodles are categorized as regular salt noodles, while both 
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Malaysian hokkien and Thai bamee are alkaline noodles (Figure 4.1). On the PC A plot, 

these three countries' noodles separated based on those descriptive texture characteristics 

that explained the most variation between the noodle samples (Figure 4.2). The 

Taiwanese raw noodles were characterized as the smoothest, springiest, and highest in 

integrity of noodles (less mushy). Thai bamee noodles were the hardest, most dense, 

cohesive noodles and also higher in starch between teeth and toohpull. Malaysian hokkien 

noodles were the softest, least dense, cohesive, and sticky noodles. 

The Taiwanese raw noodles did not have any alkaline salts in their ingredients 

(Figure 4.1) and this caused the protein and starch matrix to develop adequately and 

produce smooth surfaces (Moss et al., 1986). The uniform and flexible protein matrix of 

Taiwanese raw noodles may have contributed to their higher springiness and noodle 

integrity in contrast to Thai bamee and Malaysian hokkien noodles (Figure 4.2). 

The Malaysian hokkien noodles had a rougher surface compared to the Taiwanese 

raw noodles. Alkaline salts in Malaysian hokkien noodles may have disrupted the 

development of the starch and protein matrix which resulted in a tougher protein matrix. 

The inflexible protein matrix causes slower penetration of water into the noodle core while 

cooking and eventually leads to breakdown of the surface matrix (Moss et al., 1986). In 

addition to surface stickiness, Malaysian hokkien noodles had a higher starchy matrix than 

Taiwanese raw noodles. This may have occured because water could not penetrate into 

the core of the noodle during cooking, leaving ungelatinized starch to leach out during 

chewing; also the rigid protein matrix may have been unable to hold the solid 
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Figure 4.2. Texture characteristics of Taiwanese, Thai, and Malaysian fresh 
noodles made from US Hard White Wheat flours. Groupings 
indicated noodle samples from one country. W/w=Taiwanese noodles; 
T/t=Thai noodles; M/m=Malaysian noodles. 

Springiness (0.41) 
integrity of noodles (0.40) 

£ 

U 
CL. 

Microroughness (-0.33) 
Starchy matrix (-0.36) 
Greasy mouthfeel (-0.33) 

PCl-36.95% 
Hardness (0.37) 
Cohesiveness (0.32) 
Denseness (0.36) 
Starch between teeth (0.39) 
Toothpull (0.36) 

♦Capital  letters represent highest texture quality sample from each country. 
**Numbers in parentheses ( ) indicated the loadings of the corresponding descriptor obtained from the eigenvectors of the 

PCA. 
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mass effectively. When compared to Thai bamee noodles, Malaysian hokkien noodles 

were softer, less dense and cohesive. The salt that was used in making the Malaysian 

hokkien noodles had a higher alkalinity and this may have caused severe disruption of 

protein matrix in these nooodles compared to Thai bamee noodles. 

Although Thai bamee noodles were made from the same type of flours (straight 

grade) as Malaysian hokkien noodles, different kinds of alkaline salts were used (Figure 

4.1) and the inclusion of fresh eggs in Thai bamee noodles resulted in significant texture 

differences. Thai bamee noodles, which had addition of sodium carbonate and egg, were 

harder, more cohesive, more dense, and had more starch between teeth and toothpull 

when chewed than Malaysian hokkien noodles which had sodium hydroxide alone. The 

presence of eggs in Thai bamee noodles may have enhanced all the first chew 

characteristics (hardness, cohesiveness, denseness, starch between teeth and toothpull) of 

the noodles. 

A difference in ingredients was not anticipated as the only source of texture 

differences, since the processing and preparation of Thai bamee and Malaysian hokkien 

also varied. Oh et al. (1985a) reported the significant effects of processing variables such 

as water absorption, mixing time, compounding and sheeting properties on noodle 

texture. In our study, Thai bamee dough was compounded with 10 passes through the 

double roller, while Malaysian hokkien dough passed through the roller only twice before 

sheeting (Figure 4.1). Water migration might have been more uniform and the protein 

matrix might have been more developed as a result of the many passes undergone by the 

Thai bamee noodles resulting in firmer, more dense and cohesive noodles compared to 

Malaysian hokkien noodles. 



75 

4.4.2 Texture Characteristics of Selected High Quality and Low Quality Samples 
within Individual Countries. 

Each country's industry representatives evaluated their own noodle samples and 

rated their noodle quality based on texture and appearance. For the purpose of this study, 

high rated samples and low rated samples based on texture quality alone were selected and 

compared for their differences in texture characteritics. 

For Taiwanese raw noodles, the three samples selected as highest in texture quality 

were Nuwest 1, 494-ID, and 4895181-OR (Figure 4.3), and the two samples rated lowest 

in texture quality were U.S. 896-CA and Arlin-5AT-0917-KS. The highest quality 

samples were separated from the lowest quality samples by texture desciptors which 

defined PC2 (Figure 4.3). All high quality samples were higher in springiness and integrity 

of noodles while the low quality samples were lower in those qualities and higher in 

starchy matrix. Although springiness and integrity of noodles were identified as the 

important descriptors which separated high quality from low quality Taiwanese raw 

noodles, other descriptors such as starchy matrix (PC2) and all PCI descriptors are also 

considered important in the Taiwanese raw noodle texture profile. For instance, U.S. 896- 

CA (one of the low quality samples) was not significantly lower in springiness and 

integrity of noodles from all high quality samples, however, this sample was significantly 

lower (p<0.05) in intensity of all the positive PCI descriptors (hardness, denseness, starch 

between teeth, toothpull, and surface roughness) compared to the highest quality samples 

(Figure 4.3). 

Thai representatives rated bamee noodles made from three flour samples as high in 

texture quality. They were Nuwest 2, 690-ND, 490-ID, and 4880372-OR. 



Figure 4.3. Texture Characteristics of Taiwanese Raw Noodles made from 
16 patent flours milled out of US Hard White Wheat 
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The flours, 889176-OR, 4870453-OR, ORO Blanco-KS, and Rio-Blance-SAT-OSlO-KS, 

were rated low in texture quality when made into Thai bamee noodles. High quality 

sample were separated from the low quahty ones by descriptors which define PCI (Figure 

4.4). All high texture quahty samples were rougher in surface, harder, more dense, and 

were high in starch between teeth and toothpull compared to the low quality samples. 

For Malaysian hokkien noodles, differences between texture characteristics 

of high quahty samples and low quahty samples were small. They occupied the same 

space on the principal component plot and were not significantly different at the 0.05 

significance level (Figure 4.5). The three Nuwest Experimental flour samples, and 

samples 494-ID, and 377S-ID were rated higher in texture quahty than the other samples. 

Most of the high texture quahty samples were accompanied by good color quahty ratings 

(Hou and Kruk, 1997). Arlin-5AT-0917-KS and Rio Blanco-5AT-0310-KS (two of the 

lower texture quahty samples) were rated poor in color quality by Malaysian 

representatives. These results suggested that differences in texture quahty of Malaysian 

hokkien noodle samples were not as significant as for the other countries, and that color 

plays a more important role in quahty determination. 

4.4.3 Relationship between Texture Characteristics and Flour Protein Properties. 

Using the descriptive analysis results on each country's noodles, we were able to 

identify the important texture characteristics which contributed to the separation of high 

and low quahty samples. Previous studies conducted on Asian noodles have identified the 



Figure 4.4. Texture Characteristics of Thai Bamee Noodles made from 
18 straight grade flours milled out of US Hard White Wheat. 
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Figure 4.5. Texture Characteristics of Malaysian Hokkien Noodles made from 
18 straight grade flours milled out of US Hard White Wheat. 
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importance of both protein quantity (Miskelly and Moss, 1985) and protein quality (Oh et 

al., 1985b; Huang and Morrison, 1988; Baik et al., 1994) in predicting texture 

characteristics. For all three Asian countries in this study, the importance of flour protein 

content and protein quality to each country's noodle texture characteristics were 

examined. An optimum range for the flour parameters was identified for each country. 

For Taiwanese raw noodles, protein content of the flour samples was positively 

correlated to springiness and integrity of noodles (Table 4.4). Protein content measures 

have to be accompanied by a measure of protein quality which is was determined in this 

study by wet gluten and sedimentation volume. The sedimentation volume was positively 

correlated to springiness and integrity of noodles (Table 4.4). Wet gluten content, 

however, did not show any significant correlation to the texture characteristics of 

Taiwanese raw noodles suggesting that gluten may have limited importance to Taiwanese 

raw noodle texture for the flours tested. U.S. 896-CA, one of the low quality samples for 

Taiwanese raw noodles, fell within the range of the protein content of high quality samples 

(Table 4.1). It did not, however, meet the protein quality criteria of the high quality 

samples (indicated by lower sedimentation volume). As a result, U.S. 896-CA had less 

springiness and noodle integrity than all the high quality samples (Figure 4.4). The 

optimum range of protein content for noodles with a good quality of springiness and 

noodle integrity was 11.5-12.0% with sedimentation volume of 42.0 to 51.2 ml. 

For Thai bamee noodles, three flour measures that showed significant correlation 

to the textural parameters were protein content, wet gluten, and sedimentation volume. 

There was a significant correlation between protein content and most of the first chew 

characteristics (hardness, cohesiveness, denseness, starch between teeth, and tootpull) 



Table 4.4. Pearson bivariate coefficient correlation of Taiwanese raw noodle texture characteristics analyzed against 
flour protein properties. 

Flour Analysis Micro Hardness Cohesiveness Springiness Denseness Starch Toothpull Starchy Integrity 
roughness between teeth matrix of noodles 

Protein content -0.229 0.293 0.464 0392* 0.246 -0.010 -0.097 -0.352 0.530* 
Wet gluten -0.181 -0.082 0.183 0.187 -0.091 -0.227 -0.255 -0.253 0.292 
Sedimentation volume -0.255 0.462 0.082 0,621* 0.428 0.086 -0.012 -0.493 0.505* 

♦Correlation is significant at p<0.05. 
'♦Correlation is significant at p<0.01. 
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which were important in separating high and low texture quality samples (Table 4.5). The 

protein content range that gave desirable first chew characteristics of Thai bamee noodles 

was 11.1-14.5 %. Wet gluten also showed a significant correlation to hardness and 

denseness of Thai bamee noodles (Table 4.5). Wet gluten for high quality samples ranged 

from 30.2-38.3%. Sedimentation volume showed a significant correlation only to starch 

between teeth and the optimum range for desirable starch between teeth was 33.9-58.9 ml. 

For Malaysian hokkien noodles, protein content, wet gluten, and sedimentation 

volume are also the important flour measures that had a significant positive correlation to 

first chew characteristics (hardness, cohesiveness, denseness, starch between teeth, and 

toothpull) (Table 4.6). All high quality samples fell within a range of protein content of 

10.4-11.9% which is lower than the requirements for Taiwanese raw noodles or Thai 

bamee noodles (Table 4.2). An increase in protein content showed an increase in all first 

chew characteritics of Malaysian hokkien noodles. Wet gluten content of the flour 

samples used for making Malaysian hokkien noodles had a significant positive correlation 

to hardness , toothpull, and starchy matrix. Sedimentation volume showed a significant 

positive correlation to hardness, cohesiveness, springiness and denseness of Malaysian 

noodles. In addition to a specific protein content, wet gluten values of 28-31.8% and 

sedimentation volume of 41.6-54.5 ml need to be met in order to satisfy the texture quality 

requirements of Malaysian hokkien noodles. 

The protein properties of the flour samples resulted in a meaningful correlation to 

the texture characterisitcs of Thai bamee and Malaysian hokkien noodle texture. All their 

first chew characteritics were highly correlated to the protein quantity and quality of the 



Table 4.5. Pearson bivariate coefficient correlation of Thai bamee noodle texture characteristics analyzed against 
flour protein properties. 

Flour Analysis Slipperiness Micro Hardness Cohesiveness Springiness Denseness Starch Toothpul Starchy Integrity 
roughness between teeth matrix of noodles 

Protein -0.252 0.415 0;675** 0.502» 0.336 O.iSW** 0.680ft* 0396** -0.030 0.418 
Gluten -0.234 0.215 <K532* -0.014 0.297 0.469* 0.431 0.427 -0.052 0.512*   :- 
Sedimentation volume -0.124 0.413 0.225 0.300 0.196 0.272 0.470*. 0.328 -0.078 0.030 

♦Correlation is significant at p<0.05. 
♦•Correlation is significant at p<0.01. 

oo 



Table 4.6. Pearson bivariate coefficient correlation of Malaysian hokkien noodle texture characteristics analyzed against 
flour protein properties. 

Flour Analysis Micro Hardness Cohesiveness Springiness Denseness Starch Toothpull Cohesiveness Starchy Integrity Sticky Greasy 
roughness between teeth of mass matrix of noodles film mouthfeel 

Protein 0.163 0.745**.<<?■'■> 0.532** 0.577** 0.745*t 0.674** 0.589*   ■.„ -0.013 0.275 0.067 0.036 0.154 
Gluten 0.260 0S19*'-.-r^ 0.229 0.287 0 432 0.440 0.520*       , 0.294 0i544* -0.243 0.234 0.290 
Sedimentation volume 0.015 0M9*: v 0.555* 0.603** 0.602** 0.430 0.370 -0.204 -0.239 0.414 0.098 -0.451 

•Correlation coefficient is significant at p<0.05. 
••Correlation coefficient is significant at p<0.01. 

oo 
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flours. For Taiwanese raw noodles, protein properties was not as effective in predicting 

noodles textural characteritics. Baik et al. (1994) suggested that flour starch constituents 

are more critical for this type of noodles. 

4.5 Conclusions 

Asian countries define their noodle quality differently across countries. Unique 

ingredients and processing variables, which are altered specifically to match each country's 

common practice in noodle making, have resulted in different quality for each country's 

fresh noodle. Sensory descriptors which defined the texture of each country's noodles 

were essential in identifying the specific characteristics expected by each country. 

Further research is required on the relationship of textural characteristics of 

specific Asian countries to flour and dough rheological properties. 
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5. THESIS SUMMARY 

Quality requirements of Asian noodles are complex within and between countries. 

The sensory characteristics of Asian noodles which define their quality requirements are 

specific to each Asian country's noodle style. The differences in the each noodle style's 

ingredients, processing variables, and preparation techniques have complicated the 

assessment of their sensory qualities. The collaboration between Asian noodle experts and 

U.S. researchers to unveil the mystery of "Asian Noodles Quality" has allowed Asian 

customers to communicate their needs on noodle quality and has led to a better 

understanding of those needs on the part of the U.S. researchers. 

For the purpose of supplying quality wheat to Taiwan, the first study was 

conducted to evaluate the suitability of various classes of U.S. wheat for making the 

different styles of Taiwan noodles. Sensory color and texture characteristics were quality 

parameters used for selecting wheat samples that met the criteria of each Taiwanese 

noodle style. For Taiwanese noodles, color characteristics were found to be the primary 

quality indicator as opposed to texture. 

The second study was initiated to deal with the differences on noodle quality 

requirements between Asian countries. The study was focused on understanding the 

texture characteristics of Taiwanese, Thai, and Malaysian noodles. It was found that each 

country focused on different textural parameters when defining their noodle quality. 

Future research on translating the sensory characteristics of Asian noodles into 

instrumental measures is necessary to provide the U.S. wheat breeders with information 

on flour and wheat quality. 
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APPENDICES 



Figure A-1. Flavor quality ratings of Taiwanese fresh, dry, wet, and yee noodles. 
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Figure A-2. Diagram for experimental design of texture characterization of 
Taiwanese raw, Thai bamee, and Malaysian hokkien noodles. 
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Table A-1. Taiwanese fresh noodle mean intensity ratings, standard deviations (), and significance level 

for uncooked appearance, cooked appearance and cooked texture attributes from 
descriptive analysis (n=12). 

Sensory Taiwan flour HRS+WW HRW+WW HWW1 HWW2 HWW2        Sig. 
Descriptive Terms (ID 377S) 

(Patent) 

(Klasic) 

(Patent) 

(Klasic)        level 

(Straight) 

Unwokgd Appsarifflira (UA) 
Brightness 7.7b 7.1c 7.0C 8.3" 7.1c 7.1c               * 

(1.0) (1.1) (1.0) (0.5) (0.9) (1.0) 

Smoothness 7.8b 7.2C 7.3* 8.4' 7.0C 6.8C 

(0.6) (1.0) (0.5) (0.5) (1.0) (0.6) 
Yellowness 7.1e 7.8* 8.0' 7.4* 5.8" 6.3d 

(1.1) (0.5) (0.7) (1.0) (0.9) (0.6) 

Whiteness 6.1c 5.6d 5.2d 5.5" 7.1b 8.0"               * 

(2.9) (2.8) (2.6) (2.7) (3.4) (0.7) 

Shininess 6.4b 6.11* 5.9C 6.9" 6.0* 6.9'               * 

(3.1) (3.0) (2.9) (3.3) (2.9) (1.0) 

Speckled 2.5b l.T* 4.0' 1.3d 1.3cd 2.1* 
(2.5) (1.7) (3.1) (1.3) (1.9) (2.3) 

Cooked Appearenee (CA) 
Brightness 7.7 7.2 6.8 7.2 7.3 7.0               ns 

(0.8) (1.1) (1.7) (1.0) (0.9) (1.0) 

Smoothness 7.2 7.3 7.3 6.9 7.3 6.8               ns 
(0.7) (0.9) (1.2) (1.1) (0.7) (0.7) 

Yellowness 6.3* 5.8b 6.8' 4.8C 5.8b 5.8b               * 
(3.0) (2.8) (3.3) (2.4) (2.7) (2.8) 

Whiteness 7.3* 6.9* 6.0e 8.0" 7.5b 6.8d               * 

(0.8) (1.1) (1.5) (0.7) (0.8) (0.9) 
Shininess 6.2 6.3 6.0 5.5 5.9 5.8               ns 

(3.0) (3.0) (3.0) (2.7) (2.9) (2.8) 

CQQked Tsxtwre (CT) 
Chewiness 7.6* 7.3* 7.3* 6.6C 7.7" 7.6*             * 

(0.7) (0.8) (1.0) (0.8) (1.3) (0.9) 

Smoothness 7.4' 7.5' 6.8" 7.7" 7.5' 7.5"              * 
(0.7) (1.0) (0.9) (0.8) (0.9) (1.0) 

Softness 7.6' 7.0bc 6.8C 7.3* 7.7" 7.3*c              * 

(0.8) (0.9) (0.9) (1.2) (0.9) (1.0) 

Ease of swallow 7.7"'* 7.8* 7.3C 8.1" 8.0" 7.5*              * 

(0.7) (0.9) (1.0) (0.5) (1.0) (1.0) 

Means with the same letter, in the same row, are not significantly different at p<0.05 significance level. 

'Significant difference exists between samples at 5% level. 

""Samples are not significantly different at 5% level. 
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Table A-2. Taiwanese dry noodle mean intensity ratings, standard deviations (), and significance level 

for uncooked appearance, cooked appearance and cooked texture attributes from 

descriptive analysis (n=6). 

Sensory Tmv™ flm HRS+HRW .qommercirt HWW1 .HWW2 HWW2 Sig. 
Descriptive Terms (Wu-Mu) (ID 377S) 

(Patent) 
(Klasic) 
(Patent) 

(Klasic) 
(Straight) 

level 

UnwpW AppearrniP? (UA) 
Brightness 7.3" 6.5C 8.5' 7.8"b 8.0"" 6.7C * 

(1.8) (1.0) (0.5) (0.8) (1.1) (1.5) 

Smoothness 8.3" 7.0" 7.3b 7.7* 7.3b 7.0b * 
(0.5) (1.1) (1.2) (0.5) (1.2) (1.3) 

Yellowness 7.0" 5.5* 4.0'' 4.3b 4.8b 58* * 
(3.5) (4.3) (3.3) (3.4) (3.8) (3.0) 

Whiteness 6.2C 6.3' 8.7" 7.8" 7.3b 7.3b * 
(0.8) (1.4) (0.5) (0.8) (0.8) (0.5) 

Shininess 8.3 6.5 7.7 7.7 6.7 7.2 ns 
(0.5) (1.0) (0.8) (0.8) (3.3) (0.8) 

Gopked Appearww (CA) . 
Brightness 7.5 7.3 8.5 7.8 7.7 7.5 ns 

(1.0) (0.5) (0.8) (0.8) (0.5) (0.5) 

Smoothness 7.7 7.3 7.8 7.3 7.7 7.5 ns 
(1.4) (0.5) (0.8) (1.2) (0.8) (1.2) 

Yellowness 4.3 4.0 3.0 3.2 3.2 3.5 ns 
(4.8) (4.4) (3.5) (3.5) (3.5) (3.9) 

Whiteness 6.3C 6.8* 8.7' 7.8" 7.5b 7.0bc * 
(1.2) (1.3) (0.5) (0.8) (1.0) (0.9) 

Shininess 4.7 4.8 5.3 4.7 4.8 5.2 ns 
(3.8) (3.8) (4.2) (3.7) (3.8) (4.1) 

CQOW Texture (CT) 
Chewiness 7.2b 7.2b 8.3" 7.3b 7.2b 8.3" * 

(1.2) (0.8) (0.5) (0.8) (0.4) (1.0) 

Smoothness 5.8 6.0 6.7 6.3 6.7 6.7 ns 
(3.1) (3.1) (3.3) (3.1) (3.4) (3.3) 

Softness 5.3 5.8 6.7 6.2 6.2 6.5 ns 
(2.8) (2.9) (3.3) (3.1) (3.3) (3.3) 

Ease of swallow 5.5 5.8 6.7 6.5 6.5 6.3 ns 
(2.9) (3.1) (3.3) (3.2) (3.3) (3.3) 

Means with the same letter, in the same row, are not significantly different at p<0.05 significance level. 

*Significant difference exists between samples at 5% level. 

""Samples are not significantly different at 5% level. 
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Table A-3. Taiwanese yee noodle mean intensity ratings, standard deviations (), and significance level 
for uncooked appearance, cooked appearance and cooked texture attributes from 
descriptive analysis (n=12). 

Sensory Taiwan flm   HRS+HRW HW1 HWW2 HWW2 Sig. 
Descriptive Terms (ID 377S) (Klasic) (Klasic) level 

(Patent) (Patent) (Straight) 

Uncooked Appearance fUAl 

Brightness 

Smoothness 

Yellowness 

Whiteness 

Shininess 

Cooked Appearance (CA) 

Brightness 

Smoothness 

Yellowness 

Whiteness 

Shininess 

Cooked Texture (CH 

Chewiness 

Smoothness 

Softness 

Ease of swallow 

6.9° 

(0.9) 

7.2b 

(1.3) 
e.g* 
(1.3) 

6.5' 

(0.9) 

6.9" 

(1.0) 

6.T 

(1.0) 

5.4*c 

(2.8) 

6.7" 

(1.7) 

6.4C 

(1.3) 

5.1e 

(2.7) 

6.2" 

(0.9) 

6.1' 

(1.2) 

6.3b 

(1.2) 
6.7C 

(12) 

5.2e 

(0.6) 

5.5d 

(1.0) 
6.3^ 

(1.3) 

5.2e 

(0.8) 

5.7" 

(1.3) 

5.1' 

(0.7) 

4.3C 

(2.1) 
5.8C 

(1.3) 

5.4" 
(0.9) 

4.3d 

(2.1) 

6.7* 

(1.5) 

6.7C 

(1.2) 

6.3" 

(1.7) 

6.3d 

(0-9) 

8.3" 

(0.7) 

8.0' 

(0.9) 

7.2' 

(1.3) 

8.0° 

(1.0) 
8.1" 

(0.7) 

8.3" 

(0.7) 

5.9* 

(3.6) 

7.6' 

(1.4) 

8.2' 
(0.6) 

7.1' 

(3.3) 

6.7* 

(1.1) 

8.3" 

(0.6) 

7.3' 

(1.2) 
7.8' 

(0-6) 

7.4" 

(0.7) 

7.4b 

(0.9) 
6.7* 

(1.2) 

7.4" 

(0.7) 
7.2" 

(0.6) 

7.4b 

(0.8) 

6.2" 

(3.1) 

6.9" 

(1.4) 

7.5" 
(0.7) 

6.2" 

(3.0) 

7.2' 

(0.6) 

7.4" 

(0.7) 

7.3" 

(0.6) 
7.3'' 

(0-7) 

6.2d 

(1.1) 

6.6C 

(1.4) 
5.8C 

(1.1) 

5.7" 

(12) 
6.2C 

(1.5) 

5.7" 

(1.5) 

S.O1* 

(2.7) 

6.6" 

(1.5) 

6.0° 
(1.3) 

4.8cd 

(2.7) 

7.2" 

(1.2) 

6.7C 

(1.4) 

6.9* 

(1.1) 

6.8C 

(1-2) 

Means with the same letter, in the same row, are not significantly different at p<0.05 significance level. 

•Significant difference exists between samples at 5% level. 
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Table A-4. Taiwanese wet noodle mean intensity ratings, standard deviations (), and significance level 
for uncooked appearance, cooked appearance and cooked texture attributes from 

descriptive analysis (n=10). 

Sensory Taiwfm flovr HRS+HRW. .HWW2 HWW2 Sig. 
Descriptive Terms (Klasic) 

(Patent) 
(Klasic) 

(Straight) 
level 

Uncooked Appearance (UA) 
Brightness 6.7 7.1 6.5 6.0 ns 

(0.9) (0.9) (0.9) (1.2) 
Smoothness 7.1 6.5 6.3 6.3 ns 

(1.2) (1.5) (1.3) (1.3) 
Yellowness 6.9 6.3 6.8 6.9 ns 

(0.9) (1.1) (1.4) (1.4) 
Whiteness 6.3" 6.r 6.3" 5.7" * 

(0.8) (1.2) (1.4) (1.3) 
Shininess 4.4 4.2 4.0 4.0 ns 

(3.2) (3.0) (2.9) (2.8) 

Cooked Appearance (CA) 
Brightness 6.7 7.4 6.8 7.4 ns 

(1.3) (0.8) (1.2) (1.4) 
Smoothness e.s1* 6.7* 6.1' 6.9' * 

(2.4) (2.5) (2.4) (2.8) 
Yellowness 7.1 7 6.7 6.9 ns 

(0.7) (1.1) (0.9) (1.3) 
Whiteness 6.6 7.1 6.7 6.7 ns 

(1.2) (0.7) (0.9) (1.2) 

Cooked Tenure (CT) 
Chewiness 6.4 7.4 6.7 7.4 ns 

(1.2) (1.0) (1.1) (1.4) 
Smoothness 6.9b 7.9' 6.9b 7.6"' * 

(0.9) (0.8) (1.1) (1.2) 
Softness 6.4 7.4 6.9 7.3 ns 

(0.7) (1.0) (0.9) (1.3) 
Ease of swallow 7.0 7.8 7.0 7.4 ns 

(1-2) (1.2) (1.3) (1.4) 

Means with the same letter, in the same row, are not significantly different at p<0.05 significance level. 
•Significant difference exists between samples at 5% level. 
""Samples are not significantly different at 5% level. 


