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Texture, a critical property of Asian wheat noodles, is normally assessed by 

sensory evaluation. However, sensory evaluation may be impractical for wheat breeders 

and noodle researchers who need to evaluate a large number of samples and have limited 

sample. Instrumental Texture Profile Analysis (TPA) has been widely employed to 

evaluate Asian wheat noodle texture. Nevertheless, a standardized method for 

performing TPA on these products has not been established. A series of studies were 

conducted to develop a testing method to best relate TPA results to sensory texture 

characteristics of Asian wheat noodles. 

First, the optimum TPA testing conditions (crosshead speed and degree of 

deformation) were determined for each noodle category (alkaline, instant fried, salted 

flat, and salted round), and were defined as the conditions which best related their results 

to the sensory data. Partial Least Squares (PLS2) was used to examine relationships 

between sensory first-chew characteristics (hardness, cohesiveness, springiness, 

denseness, starch between teeth, and toothpull) and TPA output (peak areas and heights). 

Response Surface Methodology determined the optimum TPA conditions (crosshead 



speed and % deformation) as follow: 1 mm/s and 85 % for alkaline, 1 mm/s and 70% for 

instant fried and salted round, and 5 mm/s and 65 % for salted flat noodles. 

Second, the effects of two sample cooking factors: noodle weights (20, 50, 100 

g) and noodle to water ratios (1:10, 1:20) and three holding factors: media (with, without 

water), temperatures (25, 55 0C), and times (2, 15, 30 min), on the TPA results were 

investigated. Cooking factors did not significantly affect the TPA results but higher 

holding temperatures, the use of water as a holding media, and longer holding time 

significantly decreased most TPA parameters' values. 

Third, relationships between TPA and sensory first-chew parameters were 

examined for each noodle category. Predictive models of each sensory first-chew 

attribute were developed using linear and nonlinear (Fechner and Stevens) models, with 

single and multiple parameters. Hardness could be satisfactorily predicted by a single 

TPA parameter (area 1 or area 2), but other attributes required multiple parameters in the 

models to be satisfactorily predicted. Different model types were selected for each 

sensory attribute and noodle category. TPA peak area 1 and 2 were the best predictors 

for first-chew characteristics of cooked Asian wheat noodles. 
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INSTRUMENTAL AND SENSORY TEXTURE PROFILE ANALYSIS 
OF ASIAN WHEAT NOODLES 

I. THESIS INTRODUCTION 

Noodles are a primary staple food in most East Asian countries, accounting for 

approximately 50 % of the total wheat flour consumed. Asian wheat noodles are made of 

flour, water, salt (NaCl), and/or other ingredients such as alkaline salts. The ingredients 

are mixed to form crumbly dough, sheeted, and cut into noodle strands. Asian noodle 

quality depends on the type of noodle and region of consumption. Texture was found to 

be a critical characteristic of Asian wheat noodles (Toyokawa et al., 1989) that strongly 

influences the quality of this product. 

Sensory evaluation of cooked Asian wheat noodle quality has been extensively 

conducted on various textural attributes such as, firmness, elasticity, and smoothness 

(Oda et al., 1980; Crosbie, 1991; Crosbie and Lambe, 1993; Batey et al., 1997). The 

intensity ratings of these attributes were later used by Pangloli (1997) and Ross et al. 

(1997). Profiling the texture of cooked Asian wheat noodles was accomplished through 

the development of a noodle texture lexicon, comprised of surface, first-chew, chew- 

down, and residual attributes (Pipatsattayanuwong et al., 1998). Through use of the 

lexicon, a texture profile of specific Asian wheat noodles was established. The first-chew 

characteristics were found to be the characteristics that governed quality of these 

products (Janto et al., 1997, 1998) and distinguished product differences 

(Pipatsattayanuwong et al., 1998). 



Although sensory evaluation was suggested as a direct and ultimate method for 

defining the quality of Asian wheat noodles, it has been found by some to be difficult and 

impractical for evaluating a large number of samples (Baik et al., 1994b). Therefore, 

instrumental measurements have been increasingly employed for examining Asian wheat 

noodle texture, especially among noodle reasearchers and wheat breeders who frequently 

evaluate the texture of many samples (Oh et al., 1983, 1985a, b, c; Huang and Morrison, 

1988; Baik et al., 1994a, b; Kruger et al., 1994; Collado and Corke, 1996). 

Various instrumental methods have been adopted for measuring the texture of 

Asian wheat noodles. Empirical tests such as a cutting test (Oh et al., 1983, 1985a, b, c; 

Kruger et al., 1994) and a compression test (Huang and Morrison, 1988; Collado and 

Corke, 1996) were utilized to evaluate firmness of cooked noodles. More recently, the 

Texture Profile Analysis (TPA), which is classified as an imitative test, has gained 

popularity among noodle researchers for measuring Asian wheat noodle texture (Hou et 

al., 1996; Kim and Seib, 1993; Vadlamani and Seib, 1996; Baik et al., 1994a, b). This 

could be because TPA provides a measurement of multiple textural parameters (Bourne, 

1978) which were found to relate well to sensory textural properties of various foods 

(Leung et al., 1983; Kim et al., 1996). Since the texture quality of Asian noodles is 

dependent on multiple sensory characteristics (Oda et al., 1980; Moss et al., 1985; 

Crosbie, 1991; Crosbie and Lambe, 1993), TPA seemed to be an appropriate instrumental 

method for measuring noodle texture. 

The TPA is a method originally developed by a research team the Technical 

Center at General Foods Corporation using an instrument called the Texturometer 

(Friedman et al., 1963) and later adapted to the Instron Universal Testing Machine by 



Bourne (1968). This method is performed by compressing a sample specimen twice with 

a flat probe to a predetermined degree of deformation, using a constant crosshead speed. 

The TPA yields a force-time curve as an output which represents an integration picture of 

the textural characteristics of the sample under the test (Friedman et al., 1963). The 

parameters extracted from these curves are peak heights and areas under peaks, on which 

further calculations for secondary parameters are based. Although the secondary 

parameters are named with sensory terms such as hardness, cohesiveness, and 

gumminess, they have been found to relate to different sensory characteristics for 

different types of foods (Leung et al., 1983; Kim et al., 1996). 

Since texture is a major sensory quality in Asian wheat noodles, it is important 

that the instrumental measurements of this product's texture represent the product's 

sensory textural characteristics. Although the TPA method has been widely used in Asian 

noodle studies, there are still no standardized protocols for the test conditions and sample 

preparation methods for utilizing this test to measure sensory textural characteristics. 

Moreover, relationships between TPA results and sensory textural attributes of this 

product are yet to be established. Therefore, the overall goal of this study was to 

establish an instrumental method for measuring sensory first-chew characteristics of 

cooked Asian wheat noodles. 

Varying testing conditions have been found to greatly affect the results of the 

instrumental tests and their relationships to sensory characteristics of the product (Shama 

and Sherman, 1973; Voisey et al., 1978; Munoz et al., 1986; Wium et al., 1997). 

Consequently, the first study examined the optimum TPA testing conditions to measure 

sensory characteristics of each style of cooked Asian wheat noodles.  The optimum TPA 



conditions were defined as the conditions which yielded the best relationship with sensory 

first-chew characteristics of the noodles. Partial Least Squares regression, a multivariate 

statistical technique, was employed to examine the relationship between instrumental data 

obtained from each testing condition and the sensory data. Response Surface 

Methodology was used to determine the optimum TPA condition, which was defined as 

the condition which yielded data that best related to sensory data, for different styles of 

noodles. The repeatability and sensitivity of the test were also explored. 

Sample preparation methods used among noodle researchers vary, thus, they 

needed to be standardized and their effects on TPA results needed to be examined. The 

second study approach was to examine the effects of sample cooking and holding 

methods on the TPA testing results of cooked Asian wheat noodles. Cooking factors 

included noodle weight and noodle to water ratio, and holding factors included holding 

media, holding temperature, and holding time. 

Once the TPA test conditions and sample preparation methods were standardized, 

relationships between TPA parameters and sensory texture attributes could be 

established. Any instrumental measurement of texture must ultimately relate to 

evaluations made by humans (Kramer, 1972), thus, the third study was focused on 

examining relationships between each sensory attribute and the instrumental TPA 

parameters. The specific objective of this study was to develop models for predicting 

sensory texture characteristics of cooked Asian wheat noodles using TPA parameters. 

Different model types such as, linear, Fechner (S = ao * Log (I)), and Stevens (S = ao x 

I") models (S = sensory perceived intensity, I = stimulus intensity), and the use of multiple 

TPA parameters were also explored to develop models with the best prediction ability. 



H. LITERATURE REVIEW 

Asian Noodles 

In addition to rice, wheat noodles are a staple food in the Asian diet. An average 

of 45 % of all the wheat flour consumed in East Asian countries is in the form of noodles. 

In Northern China, noodles account for 50 % of the consumed wheat, which is 

approximately 30 % of the total consumption in this region (Huang, S., 1996). Basic 

ingredients of Asian noodles are wheat flour, water, and salt. Asian noodles are made by 

mixing the ingredients to form a crumbly or sandy dough, then pressing into a sheet using 

a series of sheeting rolls, and finally cutting into noodle strands (Miskelly, 1996). The 

major differences between Asian noodles and pasta products are due to the type of wheat 

and processing. Asian noodles are made of hard wheat or soft wheat, while pasta 

products are made of durum wheat. The noodle dough is sheeted and cut, or stretched to 

form noodle strands of specific sizes and shapes for Asian noodles. In contrast, the 

dough for pasta is extruded (Feillet et al., 1996). Various types of noodles are consumed 

in Asia and they can be classified into two major types: white salted noodles and yellow 

alkaline noodles. Besides ingredient differences, processing also contributes to 

differences in noodle texture. Instant noodles, which are pregelatinized and dried (oven 

dried or fried) before packaging, have different methods of manufacturing and quality 

requirements from the two major noodle styles. Thus, three types of noodles, white 

salted noodles, yellow alkaline noodles, and instant noodles, are separately reviewed here. 



White Salted Noodles 

White salted noodles are the most standard type of Asian noodles which are 

known as "udon". This type of noodle, which is white or creamy white in color and has a 

soft texture (Nagao, 1996), is popular in Korea and Japan (Panozzo and McCormick, 

1993). In Japan, approximately 16 % of the flour consumed in the country is used to 

produce various forms of white salted noodles. Japanese udon noodles are produced 

from soft wheat flour with medium protein content. They are made of 100 parts wheat 

flour, 28-45 parts water, and 2-3 parts salt. However, the quantity of salt can be adjusted 

according to noodle styles, market requirements and climate. For example, dry noodles 

require more salt (2-3 %) than boiled noodles (2 %) (Nagao, 1996). The quality of white 

salted noodles is greatly dependent on the characteristics of the flour and processing 

conditions during milling. Soft wheats generally suffer less starch damage during milling 

and they are preferred for making white salted noodles since they improve color and 

decrease stickiness of the finished product (Panozzo and McCormick, 1993). 

Salt (NaCl) is included in the noodle formula, not only for a desirable taste, but 

also for other functions. The benefits of salt to noodle dough, as reviewed by Dexter et 

al. (1979), include tightening gluten structure to improve viscoelastic properties, 

accelerating water uptake, preventing cracks during drying, and suppressing lactic acid 

and alcoholic fermentation. In a study on the microstructure of Japanese udon using 

scanning electron microscopy. Dexter et al. (1979) found that the addition of 2 % salt 

strengthened the dough properties and gave a more uniform appearance than that found 

in the dough prepared without salt.   However, they found that the addition of higher 



levels of salts (5 % and 10 %) caused a drying effect to the noodle dough, and at 10 % 

salt the noodle dough was very dry and lacked strength. 

Since the formula of white salted noodles is quite simple, the quality of these 

noodles largely relies on the flour quality. The flour characteristic requirements for 

making Japanese white salted noodles include 0.36-0.40 % ash content and 8-10 % 

protein. It is important for these noodles to use flour with a low ash content to produce a 

bright creamy white noodle. Dull or dark color noodles are not acceptable. Protein 

content requirement of the flour depends on the type of noodle. Important quality factors 

associated with flour involve good surface appearance, favorable texture, minimal 

cooking loss and good volume yield (Nagao, 1996). Eating quality requirements for 

Japanese white salted noodles include smoothness, softness, and tenderness during 

mastication (Oda et al., 1980). White salted noodles made in Korea have similar textural 

requirements as those of Japanese noodles (Oda et al., 1980), but those made in China 

require different textural characteristics (Huang and Morrison, 1988). 

Yellow Alkaline Noodles 

A brief history of yellow alkaline noodles was reviewed by Miskelly (1996). The 

addition of alkaline salt originated in southern China and spread to other parts of Asia 

with immigrants from this area. Alkaline noodles have been adopted into the local cuisine 

of many South East Asian countries and are normally found in Japan, Malaysia, Thailand, 

Singapore, Indonesia, Taiwan, Hong Kong, and southern China. However, these noodles 

still remain unknown in the northern part of China where all noodles are consumed in a 

form of white salted noodles.   Different styles of alkaline noodles include fresh (called 
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"Cantonese noodles"); dried, wet or boiled (called "Hokkien noodles"); and instant 

noodles are made throughout East Asia. 

Alkaline salts used in noodle making are sodium carbonate or bicarbonate, 

potassium carbonate or bicarbonate, and sodium hydroxide (Edwards et al., 1996). A 

mixture of sodium and potassium carbonate, called 'kansui', is most often used for 

alkaline noodles. Ingredients for making alkaline noodles are flour, water, salt (NaCl), 

and alkaline salt(s). Processing steps of these noodles is similar to that of salted noodles. 

Alkaline salts have been found to cause significant changes in noodle color and color 

stability, dough physical properties, cooked noodle textural characteristics, and flavor. 

The pH of alkaline noodles is between 9-11, which is uncommon in foods. The alkaline 

salts are responsible for the yellow color in noodles. It develops from naturally occurring 

flavones in wheat flour when subjected to alkaline condition (Fortmann and Joiner, 1971). 

The darkening of noodles with time was found to be due to oxidation reactions among 

pigments facilitated by polyphenol oxidase (Oh et al., 1985c) which has its maximum 

activity at pH 8.4 (Lamkin et al., 1981). Therefore, alkaline noodles darken more rapidly 

than salted noodles (Edwards et al., 1989). However, Tareda et al. (1981) and Bean et 

al. (1974) found that alkaline salts could inhibit enzyme activity and suppress enzymatic 

darkening. 

Alkaline salts were found to toughen dough (Lorenz et al., 1994; Terada et al., 

1981), increase water absorption, and decrease extensibility of wheat flour doughs 

(Lorenz et all994; Moss et al., 1986). These changes in dough properties under alkaline 

conditions were found to be due to oxidation of sulfhydryl groups, sulfhydryldisulfide 

exchange, and oxidation of the globulin fraction to form high molecular weight proteins 
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(Terada et al., 1978). However, different alkaline salts were found to affect dough 

properties to different extents (Moss et al., 1986). For cooked noodle texture, alkaline 

salts were found to increase the firmness of noodles, compared with those made from salt 

alone (Huang and Morrison, 1988). Increasing the pH of noodles was found to increase 

the internal strength of dried noodles (Oh et al., 1985b). The addition of NaOH, 

however, resulted in softer noodles with high surface stickiness (Moss et al., 1987) 

In general, the flour characteristic requirements of yellow alkaline noodles are 9.5- 

13 % protein content and 0.35-0.40 % ash. The requirement for protein content depends 

on the regions in which the noodles are consumed. The higher protein content 

necessitates an increase in cooking time (Oh et al., 1985c) and results in an increase in 

elasticity (Miskelly and Moss, 1985). Other flour requirements such as, minimum rain 

and starch damage of wheat (Edwards et al., 1989), strong dough, fine particle size, and 

no bleaching of flour, are all important for alkaline noodle flour (Miskelly, 1996). 

Instant Fried Noodles 

Instant fried noodles are normally steamed and deep fat fried before packaging 

resulting in a short cooking time before serving. Typical bag-type noodles are usually 

cooked for 3 to 4 minutes in boiling water, but the cup-type noodles are ready to eat after 

holding in hot water for 1 to 2 minutes. Instant noodles were first produced in Japan in 

1958 and in Korea in 1963. They account for 90 % of the total wheat noodle production 

in Korea and 22.5 % in Japan . The ingredients for making instant noodles are wheat 

flour, water, salt, and usually a mixture of equal amounts of sodium carbonate and 

potassium carbonate.   Other ingredients such as phosphates, xanthan gum, guar gum, 
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sorbitol, and spices, may be included in the formulation. In high quality instant noodles, 

alkaline salts may be excluded and riboflavin may be added to give a yellow color. The 

production of instant noodles is different from other styles of noodles; ingredients are 

mixed, sheeted, cut into noodle strands, waved, steamed, and deep fat fried. The 

steaming and frying steps gelatinize starch to facilitate quick rehydration. Frying also 

helps remove water from the noodles and imparts oil to the noodle strands. Instant fried 

noodles contain about 10 % moisture and 20 % lipid (Kim, 1996). 

The effects of steaming and frying on the quality and textural characteristics of 

instant noodles are not well established. Relationships between flour parameters and 

texture of cooked instant fried noodles were investigated by Baik et al. (1994a). They 

found that protein quality and quantity of the flour tested by SDS sedimentation volume 

was significantly related to chewiness of noodles as determined by the Instron Universal 

Testing Machine. However, they found that high starch pasting properties and swelling 

power of the flour were not as critical in governing the quality of instant fried noodles as 

they were in white salted noodles. Kim (1996) summarized the flour requirement for 

making instant fried noodles to be as follows: moisture content 13.5-14.0 %, ash content 

0.40-0.51 %, and protein content 9.4-11.4 %. Wheat flour with low ash content and high 

protein content is required for making high quality instant fried noodles. 

Descriptive Analysis 

Descriptive analysis is a sensory technique used for detecting and describing the 

qualitative and quantitative aspects of sensory characteristics of a product by a group of 

trained panelists.  The number of panelists in each panel may vary from 5-100 panelists. 
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however, 5-10 panelists are most commonly used (Meilgaard et al., 1991). This 

technique relies solely on the ability of panelists to detect and describe the sensory 

characteristics of the samples. Panelists are expected to recognize the sensory attributes 

and differentiate the intensity of each attribute in the samples. Therefore, panelists are 

first selected or screened to participate in the test based on their ability to perceive 

differences among product type. After selecting panelists, the next step in descriptive 

analysis is to describe the sensory characteristics of the product or to generate a list of 

words for describing the perception of each sensory attribute. These words are then, 

grouped by modality (i.e., appearance attributes, aroma attributes). Then, the panelists 

are trained to objectively evaluate the products for their characteristic attributes. Finally, 

the trained panel evaluates the actual samples and data are collected, statistically 

analyzed, and interpreted (Stone and Sidel, 1993). There are a number of descriptive 

analysis methods developed over the past 40 years, but only a few major ones are still 

used for evaluating products (Meilgaard et al., 1991). 

Flavor Profile Method 

The Flavor Profile® method was developed by the Arthur D. Little Company in 

the late 1940's. Only four to six screened panelists are used in this method. A broad 

selection of reference samples representing the product characteristic range is provided 

for the panelists to use during training. The panel leader then facilitates the panelists in a 

discussion to develop and define the terminology to be used by all panelists in describing 

the products' attributes. References are also developed by the panel. In the original 

method a 7-point intensity scale was used.     During the actual testing,  panelists 
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individually evaluate one sample at a time and record the descriptor, the intensity, and the 

order of appearance of the sample's aroma, flavor, and aftertaste. The profile of each 

sample is generated through consensus and is normally presented in tabular form. 

Although this method has an advantage of providing a rapid result, it has many criticisms. 

One major drawback of this method is that the results depend greatly on the panel leader 

who leads the discussion. Additionally, panelists with strong personalities can influence 

the results. Furthermore, the seven-point scale used in this method was found to be 

limited when used for discrimination between products with small differences (Stone and 

Sidel, 1993; Meilgaard et al., 1991). 

Texture Profile Method 

The Texture Profile method was developed in 1960's by the Product Evaluation 

and Texture Technology groups at General Foods Corporation, using the Flavor Profile 

method as a model (Meilgaard et al., 1991). This method was developed in an attempt to 

describe the texture of a product. The texture profile was defined as the organoleptic 

analysis of the texture complex of a food in terms of its mechanical, geometrical, fat, and 

moisture characteristics. The profile also includes the degree each texture attribute is 

present and the order in which they appear from the first bite through complete 

mastication (Brandt et al., 1963). Texture Profile panelists are selected according to their 

ability to discriminate known texture differences in specific products. The panelists are 

first exposed to a wide range of samples in the product style to develop references. Then, 

the underlying textural properties that involve the structure of the product of interest are 

introduced to the panelists. This allows panelists to learn and understand the concepts of 
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mechanical forces used in the evaluation. The terms and techniques of evaluation used in 

describing texture characteristics of the product are defined by the panel. Reference 

standards are used to represent the approximate scale values as external scaling standards 

to reduce panel variability. 

Texture references were first developed by Szczesniak et al. (1963) using various 

intensity scales. For example, the 9-point intensity scale was used for evaluating 

hardness, the 7-point scale for evaluating brittleness and chewiness, and the 5-point scale 

for evaluating gumminess. The standard references were developed under the 

requirements that 1) the selected food items possess the desired intensity of the textural 

characteristic, 2) the characteristic was not overshadowed by other textural parameters, 

and 3) the standard references were available and had constant quality. Later, other 

scales (category, line, magnitude estimation) have been employed to train Texture Profile 

panels. The method was expanded to other types of food and non-food products such as 

baked products (Bramesco and Setser, 1990), sponge cake (Civille, 1977), cookies and 

rice (Civille and Liska, 1975), fruits and vegetable (Diehl and Hamann, 1979), yam and 

cassava (Onayemi, 1985), Asian noodles (Pipatsattayanuwong, 1998), skin care products 

(Schwartz, 1975), and fabric and paper goods (Civille and Dus, 1990). 

Quantitative Descriptive Analysis 

The Quantitative Descriptive Analysis (QDA®) method was developed by Tragon 

Corporation in partial collaboration with the Department of Food Science and 

Technology at the University of California, Davis. This method relies heavily on 

statistical analysis for determining appropriate terms, procedures, and number of panelists 
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to be used. The panelists are selected from a large pool of subjects by their ability to 

discriminate the sensory differences among the samples of interest (Stone and Sidel, 

1993). The QDA® method uses 10 to 12 panelists who were qualified from the 

screening procedure. In the first few training sessions, panelists describe sensory 

properties of the products using their own words. Up to 80-100 words may be generated 

in the first two training sessions. The words are then grouped by modality, and words 

which duplicate a sensory property of the product are eliminated. Four to five discussion 

sessions are usually needed to create a complete ballot through consensus. The panel 

leader is only a facilitator in the panel and does not influence the discussion. Standard 

references which represent the sensory sensations of the attributes are employed to 

facilitate the training. A 15-cm line scale is used to evaluate the intensity of each 

attribute. Testing is done in individual booths where panelists are isolated from 

environmental distractions. Panelists evaluate one sample at a time and rate intensity by 

placing a mark on the line scale. After each session, ballots are collected and the distance 

along the line is measured as a response. The responses are analyzed using ANOVA and 

mean separation techniques. The presentation of results is usually in the form of a spider 

plot with a branch from a central point for each attribute (Stone and Sidel, 1993). This 

method has been criticized because it is thought to allow the use of erroneous terms due 

to the lack of formal instruction. It also can lead to inconsistent results since no external 

scaling reference is used. The spider plot was also criticized as misleading since the 

connected points between attribute axes are not related to each other (Meilgaard et al., 

1991). 
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Spectrum™ Method 

The Spectrum™ method was developed by Gail V. Civille at Sensory Spectrum 

Inc., NJ (Meilgaard et al, 1991). This method was developed primarily from the Flavor 

and Texture Profile methods. It involves an extensive training with specific reference 

standards for each sensory attribute. Panelists are screened using standard threshold and 

recognition tests. This method requires that all terms need to be developed and defined 

by the panel. Panelists evaluate a broad array of products which define the product 

category of interest and generate terms to describe their sensory properties. All terms are 

then compiled and organized into a list of terms that are not overlapping. Reference 

standards may be used to help in choosing terms that can be best defined and understood 

by the panel (Meilgaard et al., 1991). The training process requires three to four hours 

per week for a period of 14 weeks. The scale used in this method varies depending on 

the objective of the study and the nature of the product. A 15-cm line scale, a category 

scale with 30 points or more, or a magnitude estimation scale is suggested for products 

that require a large number of points of discrimination. At least two to five different 

reference points are used to calibrate the panelists' scale usage. This greatly reduces the 

panel variability and allows a comparison of data across testing times and products to be 

made. The data obtained from this method also allows a precise correlation between 

sensory parameters and stimulus changes or instrumental measurements to be examined 

(Meilgaard et al., 1991). 
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Free-Choice Profile Method 

Free-Choice Profiling was developed in 1984 by Williams and Arnold at the 

Agricultural and Food Council in the U.K (Meilgaard et al., 1991). This method was 

developed as a solution to the problem of consumers using different words to describe the 

same attribute. Free-Choice Profiling requires no panelist screening or training and the 

panelists can use any words they want to describe the product. Each panelist has a 

unique ballot, which is a list of terms generated by the panelist. This method's main 

advantages are 1) saving time by not requiring training of panelists except an hour of 

instruction about the use of the chosen scale, and 2) the panelists can be regarded as naive 

consumers. Data obtained from this test are analyzed using a multivariate technique 

called Generalized Procrustes Analysis which adjusts for the use of different parts of the 

scale by different panelists and manipulates the data by combining terms that appear to 

measure the same underlying sensory characteristic (Meilgaard et al., 1991). 

Sensory Measurements of Noodle Texture 

Texture is a major factor in the evaluation of Asian wheat noodle quality. Each 

Asian country or region has different definitions of desirable texture for noodles. Unlike 

spaghetti in which a desirable texture is almost universal i.e., a firm and non-sticky 

surface. The lack of consensus among Asian consumers may be due to differences of 

noodle styles, ingredients used, and thickness of the noodles which makes sensory texture 

evaluation of noodles very difficult (Kruger et al., 1994). 

Although sensory evaluation has been employed in many noodle texture studies, 

the types of panelists, scoring systems, attributes, and definitions of attributes vary 
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considerably between researchers. Most studies on noodles cited in the literature used 

untrained panelists (Oh et al., 1985a), experts (Crosbie, 1991), or did not indicate the 

type of panelists (Miskelly and Moss, 1985; Oda et al., 1980, Crosbie and Lambe, 1993). 

The number of panelists ranged from five (Oh et al., 1985a) to twelve (Oda et al., 1980); 

some studies failed to report the number of panelists (Crosbie, 1991; Crosbie and Lambe, 

1993; Miskelly and Moss, 1985). The scaling systems used were line scales with a range 

of 1 to 10 (Oh et al. 1983, 1985a), liking scale from -3 (least preferred) to +3 (most 

preferred) (Oda et al, 1980), or types of scales used were not reported (Crosbie, 1991; 

Crosbie and Lamb, 1993; Miskelly and Moss, 1985). 

Some studies on noodle texture were on 'eating quality' which was defined 

differently by various researchers. Oda et al. (1990) defined eating quality as a quality 

consisting of, "feeling the smoothness, softness, and tenderness during mastication," 

while Miskelly and Moss (1985) defined it as firmness and elasticity. Other researchers 

defined eating quality as, "elasticity, the balance between softness and hardness, and 

smoothness," (Crosbie and Lambe, 1993), "firmness and chewiness" (Oh et al, 1983), 

and "surface firmness" (Oh et al., 1985a). Clear definitions of most of these sensory 

terms were not given except for the studies conducted by Oh et al. (1983, 1985a). 

More recently, two scoring systems for sensory evaluation of cooked Japanese 

and Chinese noodles were suggested by Nagao (1996). Both scoring systems were made 

of three texture components: 1) balance of softness and hardness, 2) elasticity, and 3) 

smoothness. The scoring system (from 100 % total scores) for Japanese noodles 

consisted of softness (10 %), elasticity (25 %), smoothness (10 %), and appearance, taste 

and cooking quality (55 %).   For Chinese noodles, the scoring system was 20 % on 
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texture at 0 min after cooking and 20 % on texture at 7 min after cooking. The rest of 

the scores were on taste, color, and cooking quality. However, these scoring systems 

were based on quality (good = high score, bad = low score) and not on intensity of each 

sensory attribute. 

Although sensory evaluation was often employed for measuring Asian wheat 

noodle texture, panelists were not well trained (or even were not trained at all) and the 

attributes evaluated were not well defined or were based on quality rather than quantity in 

most studies (Crosbie, 1991; Oh et al., 1985a; Oda et al., 1980. This inconsistency of 

sensory evaluation makes it difficult to compare results between laboratories. Also, a 

quantitative sensory evaluation requires a well trained panel which is time consuming and 

may be impractical for wheat breeders or noodle researchers. Therefore, the use of 

instruments to measure the texture attributes under precise standardized conditions is a 

more suitable approach, especially for wheat breeders, millers, and in the noodle industry 

where intensive training of a sensory panel is impractical. 

Instrumental Measurement of Noodle Texture 

Several instruments have been employed to measure wheat noodle texture. They 

can be listed chronologically as a viscoelasticity meter (Okada, 1971), the General Foods 

Texturometer (Chang and Lee, 1974; Cheigh et al., 1976), Texturecorder (Nielson et al., 

1980), Autograph S-100 (Lii and Chang, 1981), Instron Universal Testing Machine 

(IUTM) (Oh et al., 1983, 1985a, b, c; Kruger et al., 1994; Baik et al., 1994a, b). 

IUTM is the most widely used instrument to measure noodle texture. Different 

tests can be performed using this instrument such as the cutting test, compression test, 
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and Texture Profile Analysis (TPA). The cutting test uses 1 mm width flat probe with a 

crosshead speed of 5 cm/min and a chart speed of 50 cm/min (Kruger et al., 1994; Oh et 

al., 1985a, 1983). The maximum cutting stress and the work to cut per unit area are 

determined. The compression and recovery tests (Oh et al., 1983) use a 3.5 mm width 

flat probe, 2.5 cm/min crosshead speed, and 25 cm/min chart speed. The parameters 

obtained from this test were compression slope per unit area, resistance to compression, 

and recovery. Oh and colleagues, (1983) found that maximum cutting stress and 

resistance to compression of cooked noodles correlated well with sensory firmness and 

chewiness. Another compression test, called a small-deformation compression test, was 

performed using the 3.5 mm width blade which compressed the noodle by no more than 

10 % of its thickness. The slopes of the force-distance curve are reported as surface 

firmness. The surface firmness measured by the lUTM was found to correlate well with 

sensory firmness determined by untrained panelists. In later studies, cutting stress, 

resistance to compression, and surface firmness were used as indicators for noodle 

texture quality (Kruger et al., 1994; Oh et al., 1985b, c). TPA is performed by 

compressing a sample piece twice to the designated degree of deformation (% 

compression) (Bourne, 1978). This method was applied on noodles by Kim and Seib 

(1993), Baik et al. (1994a, b), Vadlamani and Seib (1996), and Hou et al. (1996). The 

TPA method is discussed in detail in the next section. 

A more recent texture instrument, the TA.XT2 (Texture Technologies Corp., 

Scarsdale, NY), resembles the IUTM in its functions. TA.XT2 computerized data 

collection leads to a more precise and more convenient set-up compared to the IUTM. 

A number of noodle researchers (Kruk et al., 1996a, b; Hou et al., 1996a, b; Kim and 
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Seib, 1993; Kim et al., 1996) used the TA.XT2 for TPA and tensile tests on Asian wheat 

noodles. These tests provided information that correlated to sensory quality scores of 

cooked Asian noodles, as scored by Asian noodle manufacturers (Hou et al., 1996b). 

Texture Profile Analysis (TPA) 

The Texture Profile Analysis (TPA) is an instrumental method which is classified 

as an imitative test. Objective methods for texture measurement can be categorized into 

three major classes: fundamental tests, empirical test, and imitative tests (Szczesniak: 

1963 b). Fundamental tests measure well defined rheological properties, such as 

viscosities and elastic moduli. However, most foods have complex rheological properties 

and are dependent on stress and strain conditions. Therefore, fundamental tests, which 

are conducted under well defined conditions, led to poor correlation with sensory 

evaluation of the foods (Borne, 1978). Fundamental tests, however, benefits food texture 

measurement by serving as a foundation for the development of more meaningful 

empirical tests. Empirical tests yield parameters which are often poorly defined in 

rheology aspects. However, through practical experience these parameters have been 

found to correlate well with sensory texture quality. Examples of empirical test 

instruments are penetrometers, compressors, consistometers, and shear measures. These 

methods have been widely used to measure food textural properties as reviewed by 

Finney (1969), Szczesniak (1972), Voisey (1976), and Borne (1982). Imitative tests 

imitate the condition to which the material is subjected in practice. For example, a butter 

spreader which imitates the action of spreading butter on bread. 
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An attempt to imitate human mastication using an instrument started with the 

development of the MIT denture tenderometer (Proctor et al., 1955). A set of dentures 

was motorized to move in a simulated motion of chewing. This instrument created a 

force-time curve during the simulated mastication; however, little information other than 

peak force could be obtained from the resulting curve (Proctor et al., 1956a, b). This 

shortcoming induced a group of researchers at General Foods to develop the General 

Foods (GF) Texturometer that allowed all parameters necessary for the complete 

description of texture to be examined. The GF Texturometer was developed from the 

MIT tenderometer with some modifications as described by Friedman et al. (1963). 

The GF Texturometer uses a small flat-surfaced cylinder to compress a bite-size 

piece of food to 75 % deformation, twice, in a reciprocating motion that imitates the 

motion of the jaw. The force during compression of the sample is recorded on a strip- 

chart recorder moving at a constant speed, yielding a force-distance (or force-time) 

curve. These force-distance relations represented an integration picture of the textural 

characteristics of the sample under test, and were called the texture "profile" (Friedman et 

al., 1963). This test, therefore, was called Texture Profile Analysis (TPA) (Friedman et 

al., 1963; Szczesniak et al., 1963a). Five measured and two calculated textural 

parameters were extracted from the resulting curve of the texture profile analysis, 

according to the previously developed definitions of texture terms by Szczesniak (1963a). 

The seven parameters were named and defined as follows: 

• Hardness: the height of the first chew 

• Cohesiveness: the ratio of area under the second peak and area under the first 

peak 
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• Elasticity: the difference between the distance measured from the initial 

sample contact to the contact on the second chew of the sample, and that of a 

completely inelastic material (clay) 

• Adhesiveness: the area of the negative peak beneath the base line of the profile 

• Brittleness: the height of the first significant break in the first chew peak 

• Chewiness: hardness x cohesiveness x elasticity 

• Gumminess: hardness x cohesiveness (Szczesniak, 1963 a). 

Brittleness was later changed to fracturability and elasticity was changed to 

springiness by Szczesniak (1975). The definition of springiness was also changed by 

Szczesniak (1975) to the height that the food recovers during the time that elapses 

between the end of the first bite and the start of the second bite. 

Texture Profile Analysis (TPA) has been widely used for measuring textural 

characteristics of foods since Bourne (1968) adapted the Instron Universal Testing 

Machine (IUTM) to perform a modified texture profile test. He used the IUTM to 

compress standard-size pieces of food twice in a similar manner to that of the GF 

Texturometer. However, the interpretation for the resulting curve was slightly different. 

He measured the areas under the compression portion only and excluded the areas under 

the decompression portion of both peaks (Bourne, 1968). A similar approach was used 

by Olkku and Rha (1975) and Peleg (1976). The terminology and definition of TPA 

parameters measured by the IUTM were the same as those measured by the GF 

Texturometer. However, some definitions and names have been modified as discussed by 

Breene (1975). Additionally, raw measurements from the resulting curves (peak heights 

and areas) were used as output from the TPA test (Jack et al., 1993). 
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Although interpretations of curve output were slightly different from researcher to 

researcher, TPA has been increasingly employed to measure textural characteristics of a 

wide variety of foods. This is due to the fact that TPA is a very powerful tool in texture 

studies (Breene, 1975; Bourne, 1978) and it provides multiple measured parameters, 

which represent the texture profile of foods. Szczesniak and Hall (1975) reviewed the 

use of the GF Texturometer to perform TPA on various food products such as puddings, 

whipped toppings, doughs, rice, potato chips, bread, strawberries, frankfurters, French 

fried potatoes, chocolate, coconut, dog food, gelatin desserts, macaroni, mushrooms, 

and cheeses. More recently, the IUTM and the Texture Analyzer (TA.XT2) were 

extensively used for performing TPA on cheddar cheese (Jack et al., 1995), whey protein 

concentrates (Tang et al., 1995), gelatin gels (Surowka, 1997), gluten (Czuchajowska 

and Smolinski, 1997), noodles (Baik et al., 1994a, b; Kim and Seib, 1993; Kim et al., 

1996), egg gels and cakes (Paraskevopoulou and Kiosseoglou, 1997). TPA results were 

also related to sensory data and/or other fundamental or empirical test results. Leung et 

al. (1983) found good correlations between TPA and sensory parameters, and good 

correlation between TPA results and elastic moduli obtained from stress relaxation test 

for cooked potatoes. Tang et al. (1995) compared the large deformation tests (TPA, 

tension, and penetration test) with the small deformation testing (dynamic test) in a study 

on the effect of pH on whey protein concentrate gel properties, and found that some of 

TPA and dynamic test parameters were significantly correlated. 

The latest development of the TPA method was done by Meullenet et al. (1997). 

These authors modified the IUTM to simulate a chewing motion by generating motion of 

a set of artificial dentures in a tri-dimentional movement.     The newly developed 
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instrument is called the Bi-cyclical Instrument for Texture Evaluation (B.I.T.E. master). 

MeuUenet et al. (1997) found that the parameters extracted from the force/deformation 

curve could be used to predict some sensory attributes. They also found that the use of 

several parameters in nonlinear models (i.e., Fechner and Stevens models) improved the 

prediction of sensory texture characteristics of foods. 

Response Surface Methodology (RSM) 

Response Surface Methodology (RSM) was first developed and described by Box 

and Wilson (1951) with an attempt to determine optimum conditions using a sequential 

testing procedure. Its mathematical and statistical tools were later explained by Bradley 

(1958). Further explanations of the basic ideas of RSM, both the design of response 

surface experiments and estimation and interpretation of the fitted surface, can be found 

in John (1971), Myer (1971), and Petersen (1985). The RSM is a set of techniques that 

involves: 1) setting up a series of experiments that will yield adequate and reliable 

measurements of the response of interest, 2) determining a mathematical model that best 

fits the data collected, and 3) determining the optimal settings of the experimental factors 

that produce the maximum value of the response of interest (Dziezak, 1990). 

Giovanni (1983) discussed the use of RSM for product optimization as well as 

suggested the assumptions and limitations to be aware of when using the method. It was 

also suggested that the use of RSM is most effective if the following five assumptions are 

satisfied: 1) the critical effects are known, 2) the region of interest where the factor levels 

(levels or intensity range of the independent variables) influence the product is known, 3) 

the factors vary continuously throughout the experimental range tested, 4) a mathematical 
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function which relates the factors to the measured response exists, and 5) the response 

which is defined by this function is a smooth surface (Giovanni, 1983). Aside from these 

assumptions, the experimenter needs to be aware of the following five issues when using 

RSM: 1) large variation in the factor can result in misleading conclusion, 2) critical 

factors of the product may not be correctly specified or sufficiently defined, 3) range may 

be too narrow or too broad, 4) experimental biased results lead to an incorrect 

mathematical model, and 5) good judgment and knowledge about the product is needed 

to draw appropriate conclusion from the analysis (Giovanni, 1983). 

This method has been adopted in food research since the 1960's for various 

applications. RSM was used for optimization of product formulations such as white layer 

cake (Kissell, 1967) and other cakes (Vaisey-Genser et al., 1987), high protein bread 

(Henselman et al., 1974), bread with cowpea powder as a replacement of wheat flour 

(Okaka and Potter, 1977), synthetic meat flavor (Hsieh et al., 1980), and dairy whipped 

topping (Min and Thomas, 1980). Additionally, it was used to find optimum processing 

conditions for baby formula sterilization (Swason et al., 1967), optimum baking 

conditions for high-ratio white layer cake (Martin and Tsen, 1981), optimum processing 

procedure for northern-style Chinese steamed bread (Huang et al., 1993), and optimum 

processing condition of soft tofu (Shih et al.,1997). Baig and Hoseney (1976) used RSM 

to study the effect of process temperature, feed moisture content, and screw speed on 

soybean extruded products. Bryer and Walker (1983) studied the effect of sucrose esters 

in bread and cookies by a simple RSM design. Nelson and Hsu (1985) used RSM and 

regression analysis to identify and quantify the factors which affected water absorption 
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and the texture of canned navy beans.  Finally, Boye et al. (1997) employed RSM in a 

study on interactive effects of factors affecting gelation of whey proteins. 

Partial Least Squares Regression (PLS) 

Partial Least Squares (PLS) regression is a relatively new multivariate data 

analysis approach. Its basic concept was first developed by Herman Wold and explained 

in Wold (1982). It is a robust and intuitively appealing algorithm, rather than a 

theoretically derived method based on minimizing a certain statistical criterion. As a 

result, its use has been more popular among chemometricians than statisticians (Martens 

and Martens, 1986a), although it has received some attention from statisticians lately 

(Neas and Martens, 1985). The PLS regression is a system analysis approach that 

optimizes several partial (separate) sub-models, each by minimizing lack-of-fit residuals 

by the principle of least squares. Due to the flexibility of the PLS approach to system 

analysis, it allows a number of different PLS algorithms to be developed to suit different 

analytical situations. The PLS methods can be grouped into predictive PLS and 

correlative PLS. Details on the distinction of these two groups can be found in Martens 

and Martens (1986a). 

There are two major PLS methods, PLS1 and PLS2, which are the two-block 

two-way methods. PLS1 regression predicts a single y-variable from a block of X- 

variables; therefore it resembles Multiple Linear Regression. PLS2 regression predicts a 

whole block of Y-variables from a block of X-variables; therefore it is a predictive 

version of Canonical Correlation (Martens and Martens, 1986a). The selected PLS 

components give a minimum number of variables.  The stricter criteria used for selecting 
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variables to be in the model of PLS allow less variables to be kept in the model, 

comparing with other regression methods (Hoskuldsson, 1988). Moreover, for PLS 

regression, y is regressed on so-called 'latent' variables, T, representing the main 

variation found to be common to many X-variables. Therefore, multicollinearity among 

the X-variables gives a stability advantage instead of creating an instability problem. The 

PLS data analytical methods are explained by Martens and Martens (1986a), and the 

mathematical and statistical structure of PLS regression are described in Hoskuldsson 

(1988). 

The advantages of using PLS regressions are 1) the ability to handle 

multicollinearity, 2) the number of observations need not be equal to or greater than 

number of estimating model parameters, 3) both y and x data contribute to final solution 

(e.g., the relationship between both data derives the results), and 4) overfitting is guarded 

against by applications of resampling techniques (validation procedures) to select the 

appropriate number of dimensions (Martens and Martens, 1986b). 

Applications of PLS regression aim at relating two or more blocks of variables, 

especially when the number of observations are relatively low. PLS regressions are used 

widely for studies in the fields of food science and chemistry. Martens and Martens 

(1986b) used PLS regression to reveal the relationships between different types of 

measurements on peas (consumer test, sensory laboratory analysis, traditional chemical 

and physical measurements, and near-infrared reflectance analysis). Martens et al. (1987) 

also used PLS regression to improve selectivity in a spectroscopy study. Wangen and 

Kowalski (1988) developed a multiblock partial least squares algorithm (pattern 

recognition) for investigating complex chemical systems.   Jack et al. (1993) used PLS 
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regression to study relationships between electromyography and sensory data and Instron 

and sensory data of cheddar cheese texture. Wikstrom and Bohlin (1996) used PLSl as a 

tool to predict bread volume from mixogram parameters. 
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Abstract 

Four styles of Asian wheat noodles (alkaline, instant fried, salted flat, and salted 

round), with six different types of noodles per style, were evaluated by a trained panel 

and by instrumental Texture Profile Analysis (TPA). The relationships between sensory 

first-chew characteristics of the noodles (hardness, cohesiveness, springiness, denseness, 

starch between teeth, and toothpull) and the TPA output (peak areas and heights) were 

examined using Partial Least Squares (PLS2). Response Surface Methodology was used 

to optimize crosshead speed (1-5 mm/sec) and degree of deformation (65-85 %). The 

TPA conditions that yielded results which explained the most variations in sensory data 

were selected as being optimal for measuring each style of noodles. Repeatability and 

sensitivity of the TPA conditions were also examined. The optimum TPA condition for 

alkaline noodles was 1 mm/s crosshead speed and 85 % deformation, for instant fried and 

salted round noodles was 1 mm/s crosshead speed and 70 % deformation, and for salted 

flat noodles was 5 mm/s crosshead speed and 65 % deformation. The TPA performed at 

higher degrees of deformation were more sensitive but less repeatable than those 

performed at lower deformations, regardless of crosshead speed. 
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Introduction 

Texture Profile Analysis (TPA) is an instrumental method originally developed by 

the General Foods Technical Center (Friedman et al., 1963). It has served as a useful 

method in measuring the texture of a wide variety of foods covering various categories 

such as fresh fruits and vegetables, meat and protein products, cheeses, baked goods, and 

desserts. Breene (1975) summarized the use of TPA for measuring food texture from 

over 25 research articles covering more than 20 food products, which were published 

during 1968-1974. This method remains popular and has been used more recently in 

cooked potatoes (Leung et al., 1983), gelatin gels (Surowka, 1997; Munoz et al., 1986), 

whey protein concentrate gels (Tang et al., 1995), fish products (Reid and Durance, 

1992; Hsieh and Regenstein, 1989), sweetpotato puree (Truong and Walter, 1994), and 

noodles (Hou et al., 1996; Kruk et al., 1996a, b; Baik et al., 1994a, b). 

TPA is successful because its results have shown to relate well with sensory data. 

A sensory evaluation technique called the Texture Profile method (Brandt et al., 1963; 

Szczesniak et al., 1963) has been the most employed method to evaluate sensory textural 

properties of food products. The Texture Profile method facilitates the analysis of 

sensory properties of food texture in terms of their mechanical, geometrical, fat, and 

moisture characteristics, the degree of their present, and the order in which they appear 

from first bite through complete mastication (Brandt et al., 1993). Training techniques for 

the Texture Profile method were suggested by Civille and Szczesniak (1973) and were 

extensively used as a guideline for training the Texture Profile panel (Kim et al., 1996; 

Huang et al., 1995; Troung and Walter et al., 1994; Reid and Durance, 1992; Bramesco 

and Setser, 1990; Brady et al., 1985; Leung et al., 1983; Hamann and Webb, 1979).  A 
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large number of researchers have found significant correlations between TP A parameters 

and sensory texture attributes of various types of foods, as evaluated using the trained 

Texture Profile panel (Kim et al., 1996; Huang et al., 1995; Reid and Durance, 1992; 

Brady et al., 1985; Leung et al., 1983; Hamann and Webb, 1979). However, like other 

instrumental texture measuring devices, results obtained from the instrumental TPA are 

greatly dependent on the conditions used in the test and the products (Tsuji, 1982). 

Two main testing variables that have been found to influence TPA outcome are 

crosshead speed and degree of deformation as observed by Munoz et al. (1986) in their 

study on gelatin gel texture. They found that better correlation between instrumental and 

sensory responses of gelatin gel texture was obtained when TPA was done at a higher 

crosshead speed, and the extent of deformation was beyond the yield point of the 

specimen. Varying crosshead speed and degree of deformation have been found to 

significantly affect test results when using other instrumental methods as well. This 

would also affect the relationship of instrumental data with sensory measurements. 

Voisey et al. (1978) found that varying crosshead speed affected the maximum force 

required to cut cooked spaghetti using a multiblade spaghetti cutting cell operated by an 

Instron Testing Machine. Wium et al. (1997) found that deformation rate (crosshead 

speed) had a significant effect on four rheological parameters of UF-Feta cheese using 

uniaxial compression performed by an Instron Testing Machine. 

Instrumental TPA has been increasingly employed for measuring wheat noodle 

texture over the past decade (Baik et al., 1994a, 1994b; Hou et al., 1996; Kim and Seib, 

1993; Kruk et al., 1996a, 1996b). However, different laboratories conduct the TPA test 

using different conditions. The TPA conditions of 0.8 mm/sec crosshead speed and 70 % 
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deformation were used by Baik et al. (1994a, b) to measure texture of salted and instant 

fried noodles; 1.0 mm/sec crosshead speed and 90 % deformation were used by Kim and 

Seib (1993) to measure texture of instant fried noodles and by Vadlamani and Seib (1996) 

to measure texture of alkaline noodles; and 1 mm/sec crosshead speed and 70 % 

deformation were used by Hou et al. (1996) and Kruk et al. (1996a, b) to measure texture 

of salted noodles, alkaline, and instant fried noodles. Shama and Sherman (1973) 

recommended that different instrumental measuring conditions were required for testing 

different foods in order to obtain the best results for correlating instrumental data with 

sensory data. They found that rate of force applied in the mouth depended on the nature 

of the food. Teeth move together more slowly while chewing hard food as compared to 

soft food. They also suggested that different instrumental test conditions might be 

needed for different classifications of the same food. Asian wheat noodles require flours 

with different starch and protein characteristics (Baik et al., 1994b), and have different 

formulations and processing conditions which result in textural differences among the 

different noodle styles. This suggested that Asian wheat noodles could be classified into 

different styles according to their main ingredients and processing. Therefore, Asian 

wheat noodles were classified in this study as: alkaline, instant fried, and salted noodles. 

However, shape of specimen surface was also found to affect results of instrumental tests 

(Bourne, 1967) and salted noodles are normally made into either flat or round strands; 

thus, salted flat and salted round noodles were classified as separate styles in this study. 

As a result, the four styles of noodles were classified in this study as: alkaline, instant 

fried, salted flat, and salted round noodles. 
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The objective of this study was to determine the optimum TPA conditions for 

measuring the texture of each style of Asian wheat noodles. The optimum TPA 

conditions were defined for this study as the conditions that measured differences in 

sensory first-chew characteristics of noodles as evaluated by the sensory descriptive 

panel. This was done by relating the instrumental data with the sensory descriptive 

analysis data using a multivariate technique. Partial Least Squares 2 (PLS 2) (Martens 

and Martens, 1986b), and selecting the TPA conditions whose results best explained 

variations in the descriptive analysis data. Moreover, sensitivity and reproducibility of 

each TPA condition were also examined in this study. 

Materials & Methods 

Samples and Sample Preparation 

The noodle samples were grouped into 4 styles according to their major 

ingredients, processing condition, and shape. They were classified as alkaline noodles, 

instant fried noodles, salted flat noodles, and salted round noodles. Six different samples 

were used for each sample style (Table III.l). Commercial noodles were collected from 

local Asian stores for each style of noodles and were evaluated by the trained texture 

profile panel (Janto et al., 1998; Pipatsattayanuwong et al., 1998). The noodles were 

preliminarily evaluated and selected to cover samples with the most different sensory 

first-chew characteristics as determined through Principal Component Analysis. For 

instant fried and salted round noodles, all selected samples were commercial samples. 

For alkaline noodles, samples made with US wheat flours by Janto et al. (1998) were 

found to have different sensory first-chew characteristics; thus the six most different 



Table III. 1. List of noodle samples used for TPA protocol development for each noodle style. 

Category Sample Country of origin Manufacturer/Distributor Optimum cooking time 

Partially boiled for 45 s 

Alkaline noodles3 6 different flours from Malaysia ~ then, fully cooked 
6 US wheat varieties (Hokkien style) for 2 min 

Instant-fried noodles Samyang Korea Samyang Foods Co., Seoul, Korea 4.0 min 
Wai Wai Thailand Thai Preserved Food Factory Co., Ltd. 

Nakornpathom, Thailand 
3.0 min 

Soto Mie Indonesia Indofood Inc., Jakarta, Indonesia 3.0 min 
Neoguri Korea Nong Shim Co., Ltd., Seoul, Korea 5.0 min 
Mama Thailand Thai President Foods Public Co., Bangkok, Thailand 3.0 min 
Maggi Malaysia Nestle, Malaysia 3.0 min 

Salted-flat noodles Nagoya Kishimen Japan Anzen Pacific Corp., OR., USA (Distributor) 8.0 min 
Fresh flat noodle Japan JFC International Inc., CA., USA. 4.0 min 
Chinese dry noodles China Quan Yick Noodle Co., CA., USA 7.0 min 
Crown Kishimen Japan Anzen Pacific Corp., OR., USA (Distributor) 8.0 min 

Taiwanese fresh noodleb Taiwan - 4.0 min 

Taiwanese fresh noodleb Taiwan — 4.0 min 
Salted-round noodles Somen Japan Seasia, WA., USA (Distributor) 3.0 min 

Dry udon Korea Haitai America Inc., CA., USA 7.0 min 
Long-life noodles Thailand Bangkok Seng Heng Noodles, Bangkok, Thailand 4.0 min 
Udon Japan JFC International Inc., CA., USA 11.0 min 
Hiyamuki Japan JFC International Inc., CA., USA 4.0 min 
Wet Udon Japan Haitai America Inc., CA., USA 2.5 min 

Hokkien style noodles were made using an Otake noodle machine according to Janto et al. (1998). 
Six flours milled from six different US wheat varieties were selected to cover samples with the most different 
first-chew texture characteristics (Janto et al., 1998). 

Taiwanese fresh noodles were made from two US wheat flours which were found to have the most different 
first-chew characteristics using Ohtake noodle machine (Janto et al., 1998). 
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samples were selected. For salted flat noodles, four commercial samples with different 

sensory first-chew characteristics were selected. Two samples which were made from US 

wheat flours by Janto et al. (1998) that had sensory first-chew characteristics different 

from the four commercial samples were also included for this noodle style. The optimum 

cooking time of each sample was predetermined as described in the AACC method 16-50 

(AACC, 1995). 

The cooking conditions for the sensory test were as follows: 100 g of each noodle 

sample was cooked in boiling water (AquaCool, Eugene, Oregon), with a noodle to water 

ratio of 1:10. The noodles were gently stirred during cooking, and after the optimum 

cooking time was reached, the noodles were drained and cooled in 15 0C water for 10 

sec. They were equally divided into 9 small Styrofoam bowls to serve 9 panelists, with 

approximately 15 g of cooked noodles in each bowl. Then, approximately 150 ml of 55 

0C water was added into each bowl. The samples were served to the panelists right after 

adding warm water and the panelists were instructed and trained to finish their evaluation 

of each sample within 5 min. 

The sample preparations and holding conditions were the same for instrumental 

testing as for sensory testing, although they were conducted at different time. However, 

the sample size was reduced to 20 g per batch due to the large number of batches 

required in the instrumental test, and the limited amount of noodle samples available. The 

instrumental TPA test was performed 3 times on each cooked noodle sample and was 

conducted within 5 min after warm water was added to the cooked noodles. 
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Sensory Evaluation 

The trained descriptive panel was comprised of 8 females and 1 male. Three of 

the panelists were graduate students from the Sensory Science Laboratory, Oregon State 

University, and the rest were local residents from the community. All panelists were 

intensively trained for more than 60 hr on the noodle texture lexicon with Asian wheat 

noodles as reference standards (Pipatsattayanuwong et al., 1998). There were 17 

attributes in the noodle texture lexicon, which were derived from the 4 stages of 

evaluation, surface, first-chew, chew-down, and residual attributes (Pipatsattayanuwong 

et al., 1998). The panel evaluated one noodle sample at a time for all its textural 

attributes. Although all 17 attributes were evaluated, only 6 attributes from the first- 

chew stage were used in this study (Table III.2). This is due to the fact that the 

evaluation technique of an instrumental TPA test imitates the technique used for assessing 

sensory first-chew characteristics. The sensory first-chew characteristics were evaluated 

by chewing the sample 1-3 times and the instrumental TPA test was conducted by 

compressing the sample twice. The first-chew characteristics were hardness, 

cohesiveness, springiness, denseness, starch between teeth, and toothpull. Their 

definitions and technique of evaluation are shown in Table 111.2. Panelists were seated in 

individual booths equipped with computers (Compusense 5, Compusense Incorporated, 

Ontario, Canada) for data collection. They were instructed to rinse their mouth 

thoroughly with drinking water between samples to get rid of residuals in their mouth. 

Two sessions of testing were conducted on each testing day with a 10 min break between 

sessions. Four samples were tested in each session. All panelists evaluated all samples in 

triplicate. 



Table III.2. First-chew descriptors, technique of evaluation and their definition3. 

Technique of evaluation Descriptors Definitions 

Place 2-3 noodles between Hardness 
molars, and chew 1-3 times. 
Chew a fresh spot for each chew   Cohesiveness 
when evaluating each attribute. 

Springiness 

Denseness 

The force to chew through the mass of the noodle 

The amount the sample deforms rather than ruptures 

The amount the noodle returns to its original shape and 
feels resilient during chewing 

The compactness of the cross-section 

Starch between teeth   The sensation of starch or piece of noodle between teeth 
that must be ground between molars at end of each chew 

Toothpull Force to pull molars apart and out of the noodle mass 

Pipatsattayanuwong et al. (1998) 

00 
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Instrumental Test 

The Texture Profile Analysis (TPA), which is a two-stroke compression which 

produces force-time curves as an output (Szczesniak et al., 1963), was employed as the 

instrumental test. The instrument used in this study was a texture analyzer, TA.XT2 

(Texture Technologies Corp., Scarsdale, NY). The XT.RA Dimension version 3.7H 

computer program by Stable Micro Systems (Surrey, UK) was used for data collection. 

A preliminary test was done to screen unimportant TPA factors. The factors 

studied in the preliminary test included crosshead speed (0.5-5 mm/sec), degree of 

deformation (50-90 %), resting time between the first and second compression (1-5 sec), 

and probe size (1 mm, 3 mm, and 5 mm flat probes). 

The preliminary test (data not shown) revealed that the results obtained from TPA 

test using different resting times between the first and second compression (1, 2, 3, 4 and 

5 sec) were not significantly different from each other. Therefore, the resting time of 1 

sec was selected and set constant in this study. The TPA test using the 5 mm width 

probe was found to yield the most consistent results (lowest variation over 3 

measurements within a cooking batch), comparing with the 1 mm and 3 mm probes. As a 

result, the 5 mm width probe was selected for this study. Crosshead speed was found to 

have significant effects on the results of the TPA test, but the crosshead speed of 0.5 

mm/sec was found to be too slow to perform 3 replications within 5 min. Moreover, 

most noodles were thinner than 5 mm; thus crosshead speeds higher than 5 mm/sec could 

be too fast and cause inaccurate degrees of deformation during compression of the 

noodles. Therefore, the crosshead speed range for this study was selected to be from 1-5 

mm/sec.  The degree of deformation was investigated at levels of 50, 60, 70, 80, and 90 
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% deformation. It was found that TPA tests with degrees of deformation of 50 and 60 % 

were not able to discriminate between different samples. These results indicated a poor 

sensitivity of the TPA test performed at low degrees of deformation. However, at 90 % 

deformation, the noodle samples were cut by the first compression. This was in 

agreement with Baik et al. (1994b) who found that the 50 % compression did not 

differentiate well between samples and the 90 % compression had a cutting action. 

Consequently, the range of degrees of deformation investigated was between 65-85 %. 

As decided after the preliminary test, the TPA factors which were set constant 

were the probe size (5 mm flat Plexiglas probe) and the resting time between the first and 

second compression (1 sec). The TPA factors to be investigated were crosshead speeds 

(1-5 mm/sec) and degrees of deformation (65-85 %). The configurations of the testing 

probe and sample holder are illustrated in Figure III.l. The sample holder was modified 

from that used by Oh et al., 1983. They used a sample slot width of 1.5 cm, but a 2.0-cm 

sample slot was used in this study. Since some of the noodles had a width of up to 0.5 

cm, a wider sample slot allowed more noodle strands to be used in each testing. 

Three replications of the TPA test were done for each TPA condition within each 

sample, and were completed within 5 min. The method used to perform a TPA test was 

as follows; a few strands of the noodle sample were randomly picked from the bowl, cut 

into pieces of approximately 3 inches, blotted dry with Kim wipes® (Kimberly- Clark, 

Roswel, GA), and laid on the testing base so as to fill up the slot space. The number of 

noodle strands required to fill up the slot space was between 4-12 strands, depending on 

the size of the noodles. The samples were then compressed to the designated 



Figure III. 1. Probe (A) and base (B) used for performing Texture Profile Analysis of cooked Asian wheat noodles 
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deformation with the preset speed. The force used to perform the TPA test and the 

contact area of noodles and the probe were set constant at 5 g and 100 mm2, respectively. 

The data collected from the TPA test were the primary and secondary curve 

parameters (Figure 111.2). The primary parameters are the area and peak height of the 

first compression (Al and PI), and the area and peak height of the second compression 

(A2 and P2), and the negative area between the first and second compression (A3). The 

secondary parameters are cohesiveness, springiness, chewiness, and gumminess. These 

secondary parameters use sensory terms and they are functions of the primary curve 

parameters (Figure III.2) (Bourne, 1978; Bourne, 1968; Friedman et al., 1963). All 

secondary parameters and two primary parameters (PI and A3 as hardness and 

adhesiveness) were suggested by the TPA method as parameters to represent the 

corresponding sensory attributes (Bourne, 1978; Bourne, 1968; Friedman et al., 1963). 

Experimental Design 

A completely randomized design with replications was used for all sensory 

evaluation. All 24 noodle samples were tested in triplicate and were randomly assigned 

into each evaluation session. The order of sample presentation was randomized between 

evaluation sessions, but not between panelists. All panelists tested the same sample from 

the same cooking batch each time to minimize the variation that might be associated with 

cooking variations. 

Response Surface Methodology (RSM) was employed as an experimental design 

for optimizing the TPA conditions (crosshead speed and degree of deformation) as part 

of the instrumental test. An ECHIP® 6 (ECHIP, Inc., Hockessin, DE) statistical design 



Figure III.2. Force-time curve output produced by instrumental TPA and interpretations. 

Force (g) 

Time (s) 

Primary parameters 
PI = Peak height 1 = TPA hardness 
Al = Area 1 
P2 = Peak height 2 
A2 = Area 2 
A3 = Area 3 

Secondary parame ters 
TPA springiness = d2/dl 
TPA cohesiveness = A2/A1 
TPA gumminess = PI x (A2/A1) 
TPA chewiness = PI x (A2/A1) x (d2/dl) 

(Friedman et al., 1963) 
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package was used to create the design using quadratic model, yielding a total of 11 design 

points or TPA conditions. Five replications were included in the design, yielding a total 

of 16 design points (Table III.3). These 16 design points were then randomized for their 

testing orders within each noodle sample. A total of 24 noodle samples (4 styles with 6 

different samples each) were randomized for their testing orders. The TPA test at each 

design point was done on a freshly cooked noodle sample. As a result, each noodle 

sample was separated into 16 cooking batches for testing the 16 TPA conditions in the 

design. 

Statistical Analysis 

The optimum TPA condition for each noodle style was defined as the condition 

which yielded results that related well to those of the sensory first-chew characteristics. 

However, the reproducibility and sensitivity of each TPA condition were also determined 

77?e Estimator for the Relationship of Instrumental to Sensory Data 

The relationship between instrumental TPA parameters and sensory first-chew 

characteristics (hardness, cohesiveness, springiness, denseness, starch between teeth, and 

toothpull) were determined using Partial Least Squares-2 technique (PLS2) (Martens and 

Martens, 1986b). Two sets of TPA parameters were used to relate to the sensory data, 

which were the TPA primary parameters (Al, A2, A3, PI, and P2) and the TPA 

suggested parameters (hardness, adhesiveness, springiness, cohesiveness, gumminess, and 

chewiness) (Figure III.2). PLS2 was used to examine the relationship of sensory data and 

each parameter set of the instrumental data multivariately. The software used for 

performing this technique was Unscrambler® (CAMO A/S 1994).   The data from the 
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Table 111.3. Experimental TPA conditions as determined by Response Surface 
Methodology 

Design point # Crooshead Deformation 
speed (mm/s) (%) 

1 1 85 
2 1 75 
3 3 85 
4 5 85 
5 5 65 
6 1 65 
7 3.667 65 
8 2.333 65 
9 5 71.667 
10 5 78.333 
11 2.333 78.333 

1 (replication) 1 85 
2 (replication) 1 75 
3 (replication) 3 85 
4 (replication) 5 85 
5 (replication) 5 65 
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sensory first-chew characteristics of each noodle sample was averaged over all panelists 

and replications, and the instrumental data was also averaged over the 3 replications 

within a cooking batch. The means were consequently used for all the sensory and 

instrumental parameters for each noodle sample. 

The relationship between sensory and instrumental data was analyzed within each 

noodle style. The sensory data was used as the dependent variable and the instrumental 

data of each TPA condition was used as the independent variable. The relationship 

between the sensory data and the instrumental data of each TPA condition was examined 

separately for each TPA parameter set (primary parameters or TPA suggested 

parameters). The amount (percent) of variation in the dependent variables (sensory) 

explained by the independent variables (instrumental) was used as an estimator for the 

relationship of the TPA and the sensory first-chew characteristics data. The data from 

each TPA condition was analyzed against the sensory data, and the percent variation in 

sensory data explained by the instrumental data from each TPA condition was obtained 

and used as a response variable in the response surface regression analysis. Two 

dimensions were selected for each TPA condition. This analysis was performed to find 

the optimum TPA condition which produced results that explained the most variation in 

the sensory data. 

The Estimator for Repeatability of the TPA Test 

The coefficient of variation (C.V.) was used to indicate the repeatability of each 

TPA condition, and was calculated by dividing the standard deviation (S.D.) by its mean 

and multiplying the result by 100 to yield C.V. in percentage unit.  The S.D.s and means 
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were calculated by individual TPA parameters obtained from the three measurements 

done within each TPA condition and noodle sample. As a result, they indicated percent 

variation of the TPA test in proportion with their means. This was inversely related to 

the repeatability of the test, as low C.V.s corresponded to high repeatability. The C.V.s 

were then used as a response variable in a response surface regression analysis to find the 

optimum TPA condition which yielded the best repeatability. As the C.V.'s were 

calculated for individual noodle samples (6 samples per style), a total of 6 C.V.'s per TPA 

condition were used in the response surface regression analysis. 

The Estimator for Sensitivity of the TPA Test 

The sensitivity of the TPA conditions were measured using the sample variance 

(x2sampies) as an estimator, with a large x2
Sampies indicating a high sensitivity of the TPA test. 

According to variance component analysis (Kuehl, 1994), the x^mpies, was calculated by 

subtracting the Sum of Squares sample (S Samples) by its Sum of Squares error (SSenor or 

SSsampie x replication) and dividing the results by 3 (3 measurements for each TPA test) 

(Equation 1). The Sum of Squares of each TPA condition was obtained from a 

MANOVA model within each noodle style using SPSS ver. 7.5 statistical package (SPSS 

Inc., Chicago, EL). 

X samples = (SSsamples " SSerror) / 3 Equation 1. 

The x^mpies was then used as a response variable for the response surface 

regression analysis to examine the TPA condition which provided the maximum 

sensitivity for the TPA test. 
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Response Surface Regression Analysis 

Each estimator of the relationship between instrumental and sensory data (% 

variation insensory data explained), sensitivity (x^mpies), and repeatability (% C.V.) was 

individually used as a dependent variable in the response surface regression analysis. The 

independent variables were crosshead speed (1-5 mm/sec) and degree of deformation (65- 

85 %). The analysis was performed using ECHIP6 (ECHEP, Inc., Hockessin, DE), and a 

quadratic model (main effects, two-way interactions, quadratic terms) was used in the 

regression analysis. All response variables were transformed using log 10 transformation 

to get a better fit in the response surface regression analysis. The transformed data were 

used in all data analyses but they were back-transformed to their original scale for making 

contour maps. The Analysis of Variance (ANOVA) was conducted to examine the 

significance of the model and each component of the model (at a = 0.05). Two- 

dimensional contour plots were generated to illustrate the optimum region of TPA 

conditions that yielded the best repeatability, sensitivity, and relationship with sensory 

data. The contour plots of the insignificant response surface models were ignored. 

Finally, the contour plots of C.V., T2
sampies, and % variation in sensory data 

explained by each of TPA condition were examined for individual noodle style. The 

optimum TPA condition for each noodle style was chosen so as to have the best 

relationship with sensory data, and possibly, the best sensitivity and repeatability in all the 

TPA parameters. Although the sensitivity and the repeatability are important criteria for 

the TPA test, it is more important that the TPA test can reflect a close relationship to 

sensory evaluation.    Therefore, more weight was put on the relationship between 
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instrumental and sensory data for consideration in selecting the optimum TPA condition 

for measuring texture of each noodle style. 

Results and Discussion 

When the TPA suggested parameters were used to relate to the sensory data, 

RSM models of % variations in sensory data explained by the data obtained from each 

instrumental condition were not significant for all noodle styles (data not shown). 

Therefore, only the TPA primary parameters (Al, A2, A3, PI, and P2) were considered 

in this study. 

Alkaline Noodles 

The results from the response surface regression for alkaline noodles are shown in 

Table HI.4. The adequacy of the RSM models in predicting the responses using the 

independent variables, crosshead speed and degree of deformation, were indicated by the 

R2 and the model significance. Models for predicting the relationship between 

instrumental and sensory data, and for predicting the sensitivity (x2samPies) of all TPA 

parameters, were highly significant (p<0.001) with high R2's (R2>0.80). The regression 

models for repeatability (C.V.) were only significant for area 2, area 3 and peak height 1. 

However, the regression models for the C.V. of all the TPA parameters had very low R2's 

(R2<0.20), implying that they were not adequate predicting models for these parameters. 

The relationships between instrumental and sensory data of alkaline noodles which 

are estimated by the % variation in sensory data explained by instrumental data, were 

strongly affected by the degree of deformation (Table III.4). The degree of deformation 

had a positive coefficient which indicated that the TPA test results could capture higher 



Table III.4. Alkaline noodles: Regression equation coefficients and their significance levels, R , and model significances 
of the best-fitting models from the RSM optimization test. 

Effects of 

independent 
variables 

Coefficients 

Relationship 
with sensory data 

Sensitivity (x samDles) Repeatability (C.V.) 
Area 1 Area! Area 3 Peakl Peak 2 Area 1 Area 2 Area 3 Peakl Peak 2 

Linear 
Speed 

Deformation 
NS 

1.868*** 
-0.274*** 
0.046*** 

-0.241*** 
0.034*** 

-0.239*** 
0.074*** 

-0.033** 
0.048*** 

NS 
0.042*** 

NS 
NS 

0.128** 
NS 

-2.358*** 
NS 

NS 
NS 

NS 
0.137*** 

Quadratic 

Speed2 4.514*** 0.055*** 0.034* NS -0.029* -0.029* NS NS NS NS NS 

Deformation2 0.404*** NS -0.001* -0.003* NS -0.001* 0.011* NS NS NS NS 

Interaction 
Speed*Deform. NS NS NS NS NS NS NS NS NS NS NS 

R2 

Model 
significance 

0.848 
0.0008 

0.994 
0.0000 

0.988 
0.0000 

0.955 
0.0000 

0.985 
0.0000 

0.973 
0.0000 

0.109 
0.0608 

0.169 
0.0046 

0.186 
0.0021 

0.083 
0.1576 

0.138 
0.0189 

*, **, *** significant at P < 0.05, P < 0.01, P < 0.001 
NS not significant {P > 0.05) 

o 
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variation in sensory data when the TPA tests were performed at a higher degree of 

deformation. The quadratic terms of both variables had significant coefficients which 

suggested an ellipsoidal graph, as shown in Figure 111.3. The % variation in sensory data 

explained by the instrumental data of alkaline noodles were improved when the TPA tests 

were performed at a higher degree of deformation (Figure III.3). However, at 85 % 

deformation, a crosshead speed of 1 mm/sec provided the highest point of the response. 

The result of this study suggests that approximately 70 % of the variation in the sensory 

data was explained by the instrumental data when the TPA test was performed at a 

deformation of 85 % and a crosshead speed of 1 mm/sec. 

The high deformation (85 %) required for discriminating alkaline noodles could be 

due to a tougher gluten matrix caused by the alkaline salts in the formulation. The 

addition of NaOH in the noodle formula was found to produce the stififest or toughest 

noodle dough (Edwards et al., 1996; Moss et al., 1986) and the firmest cooked noodles 

(Huang and Morrison, 1988), as compared to those using other alkaline salts. Although 

various alkaline salts toughen the protein matrix of the noodles to a different extent, all 

noodle dough and cooked noodles made with any alkaline salts are tougher and firmer 

than those made with NaCl alone (Edwards et al., 1996; Huang and Morrison, 1988; 

Moss et al., 1986). Sensory texture characteristics of noodles made of alkaline salts were 

found to be different from those made of common salt (NaClj. Janto et al. (1998) 

observed that differences in first-chew characteristics among Malaysian hokkien noodles 

(made with NaOH) and among Thai bamee noodles (made with Na2C03 and eggs) made 

of 18 U.S. wheat varieties were smaller than those among Taiwanese raw noodles (with 

NaCl alone) made of 16 U.S. wheat varieties. Since the alkaline noodles have a tough 
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Figure III. 3. Alkaline noodles: Contour plot of % variation in sensory data 
explained by instrumental data obtained by various combination of crosshead speed 
and degree of deformation. 
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protein matrix and small differences in first-chew characteristics, a large degree of 

deformation is needed to be able to discriminate the samples. 

The sensitivity of all TPA parameters, estimated by Temples, were strongly affected 

by both independent variables, crosshead speed and deformation (Table III.4). Contour 

plots of temples of all TPA parameters for alkaline noodles were illustrated in Figure III.4. 

Contour plots of all areas had the same pattern (Figure III.4a-c), and contour plots of all 

peak heights were also similar (Figure IH.4d-e). Although the contour plots that 

indicated the sensitivity of peak areas and peak heights were slightly different in their 

patterns, they all suggested the same optimum (most sensitive) TPA condition of low 

crosshead speed (1 mm/sec) and high degree of deformation (85 %) for areas, and 85% 

deformation regardless of crosshead speed for peak heights. 

The repeatability (C.V.) of all the TPA parameters did not fit well with the 

response surface regression models as indicated by their low R2's (Table III.4). 

Therefore, their results were discussed as suggestive trends, instead of being discussed as 

predictive results. TPA parameters obtained from the first compression (area 1 and peak 

height 1) had non-significant models, which implied that the crosshead speed and degree 

of deformation did not affect the repeatability of these parameters. However, significant 

models of area 2, area 3, and peak height 2, suggested that the repeatability of these 

parameters were affected by the experimental variables. C.V.'s of the second 

compression parameters (area 2 and peak height 2) were larger as the degree of 

deformation increased, without significant effects from the crosshead speed (Figure III.5a 

and 5c). On the other hand, area 3 had lower C.V.s when TPA tests were performed at 

higher degrees of deformation, and faster crosshead speeds seemed to improve the 
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Figure III.4. Alkaline noodles: Contour plot of sensitivity (x2
samples,) of (a) peak area 1, 

(b) peak area 2, (c) peak area 3, (d) peak height 1, and (e) peak height 2, obtained from 
TPA test using various combination of crosshead speed and degree of deformation. 
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Figure 111.5. Alkaline noodles: Contour plot of repeatability (%CV) of (a) peak area 2, 
(b) peak area 3, (c) peak height 2, obtained from TPA test using various combination 
of crosshead speed and degree of deformation. 
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repeatability (lower C.V.) of this parameter. Voisey et al. (1978) found that different 

instrumental parameters had different ranges of C.V.s, however, they did not indicate 

how the testing condition affected the C.V. of the test. 

The optimum TPA conditions for measuring alkaline noodle texture were 

determined according to the results obtained from the RSM of each response. The RSM 

results of the relationship between the instrumental and sensory data, and the RSM results 

of the sensitivity of the TPA test, suggested the same optimum TPA condition for these 

types of noodles: 85 % deformation and 1 mm/sec crosshead speed. The results of the 

RSM of repeatability were not considered here due to their low R2s. Although the 

contour plots implied that the sensitivity, and the relationship between the instrumental 

and sensory data could be improved with a higher degree of deformation, this was found 

to be impractical for Asian wheat noodles. Since this product has a comparatively weak 

texture and small dimension, it tends to be cut by the first compression when a 

deformation higher than 85 % was used. 

Instant Fried Noodles 

Table III.5 summarizes the results from the response surface regression of instant 

fried noodles. The RSM models for the relationship between sensory data and the 

instrumental data, and for the sensitivity of all TPA parameters (except of peak height 1) 

were adequate for predicting these responses with p<0.01 and R2>0.70. Although the 

RSM models for the repeatability of the second compression parameters (area 2 and peak 

height 2) were significant (p< 0.001), all models for the repeatability of all the TPA 



Table III.5. Instant fried noodles: Regression equation coefficients and their significance levels, R2, and model significances 
of the best-fitting models from the RSM optimization test. 

Effects of 

independent 
variables 

Coefficients 

Relationship 
with sensory data 

Sensitivity (x samples.) Repeatability (C.V.) 
Area 1 Area 2 Area 3 Peakl Peak 2 Area 1 Area 2 Area 3 Peakl Peak 2 

Linear 
Speed NS -0.255*** -0.275*** -0.282*** NS NS NS NS NS NS NS 

Deformation -0.043*** 0.028*** 0.032*** 0.068*** NS 0.017** NS 0.688*** NS NS 0.439*** 

Quadratic 

Speed2 NS NS NS NS NS NS NS NS NS NS NS 

Deformation2 -0.008*** 0.081* 0.001* NS NS 0.0024* NS NS NS NS NS 

Interaction 
Speed*Deform. 0.019** NS NS NS NS NS NS NS NS NS NS 

R2 0.87 0.919 0.976 0.907 0.223 0.742 0.037 0.315 0.046 0.047 0.221 
Model 0.0004 0.0000 0.0000 0.0001 0.7201 0.0094 0.6295 0.0000 0.5108 0.4968 0.0004 

significance 

*, **, *** significant at P <0.05,P <0.0\,P < 0.001 
NS not significant (P > 0.05) 
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parameters had an R2 lower than 0.4. Therefore, the results from repeatability were not 

considered for selecting the optimum TPA conditions for instant fried noodles. 

The relationship between the instrumental and sensory data was greatly affected 

by the degree of deformation used in the TPA test, as indicated by the significance of 

their coefficients (Table III. 5). The coefficients of the linear and quadratic terms of the 

degree of deformation were highly significant (p<0.001), and had negative effects on this 

response. This implied that a lower degree of deformation improved the relationship 

between instrumental and sensory data. However, the interaction of crosshead speed and 

degree of deformation was also significant. This caused the level of the response at a 

certain range of degree of deformation to vary depending on the crosshead speed, as 

illustrated in Figure III.6. The response level, which is the % variation in sensory data 

explained by instrumental data, declined as the degree of deformation increased from 

approximately 77 % to 85 %. The response level varied depending on the change of 

crosshead speed at a degree of deformation lower than 77 %. As shown in the contour 

plot (Figure III.6), the TPA condition which yielded the highest % variation in sensory 

data explained by the instrumental data, was at a deformation of 70 % and a crosshead 

speed of 1 mm/sec. The TPA results obtained from this condition could explain 80 % of 

the variation in the sensory data for instant fried noodles. 

The sensitivities of all TPA curve areas were strongly affected by both crosshead 

speed and degree of deformation for instant fried noodles (Table III. 5). The coefficients 

of the linear terms of crosshead speed and degree of deformation for all areas were highly 

significant (p<0.001) with negative and positive signs, respectively. This meant that the 

sensitivity of all areas was improved with a slower crosshead speed and a higher degree 
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Figure III.6. Instant fried noodles: Contour plot of % variation in sensory data 
explained by instrumental data obtained by various combination of crosshead 
speed and degree of deformation. 
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of deformation. Although area 1 and area 2 had significant quadratic terms for the degree 

of deformation (p<0.05), their contour plots had the same pattern with the contour plot 

of area 3 (Figure III.7a-c). A high degree of deformation of 85 % and a low crosshead 

speed of 1 mm/sec were found as the TPA conditions that yielded the highest sensitivity 

for all areas. The sensitivity of peak height 2 mainly depended on the degree of 

deformation. The positive coefficients of the linear and quadratic terms of degree of the 

deformation implied that the sensitivity of peak height 1 was improved with a higher 

degree of deformation (Table III. 5). Figure III.7d shows a contour plot of the sensitivity 

of peak height 2, which suggests that the highest sensitivity of this parameter is obtained 

at a degree of deformation of 85 %, almost regardless of crosshead speed. As a result, 

the TPA conditions which yield the highest sensitivity of all significant parameters, are a 

deformation of 85 % and a crosshead speed of 1 mm/sec. 

The repeatability of area 1, area 3, and peak height 1 were not affected by the 

experimental variables as implied by their non-significant regression models (Table III.5). 

Although the regression models of repeatability of area 2 and peak height 2 were 

significant, they had low R2's (R2=0.315 and 0.221, respectively). Therefore, the 

suggestive trends of these two parameters were discussed instead of the predictive 

results. The coefficients of both area 2 and peak height 2 were positive, suggesting a 

larger C.V. as degree of deformation increased (Table III.5). These results suggested 

that the TPA test was more repeatable on the second compression parameters when 

testing instant fried noodles using a lower degree of deformation (Figure III.8a and 8b). 

The optimum TPA condition for measuring instant fried noodle texture was 

determined by considering the results of the relationship between instrumental and 
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Figure III. 7. Instant fried noodles: Contour plot of sensitivity (x2
samples,) of (a) peak 

area 1, (b) peak area 2, (c) peak area 3, and (d) peak height 2, obtained from TPA 
test using various combination of crosshead speed and degree of deformation. 
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Figure III. 8. Instant fried noodles: Contour plot of repeatability (%CV) of 
(a) peak area 2 and (b) peak height 2, obtained from TPA test using various 
combination of crosshead speed and degree of deformation. 
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sensory data and the sensitivity of the TPA parameters. Results from a TPA condition of 

70 % deformation and 1 mm/sec crosshead speed explained the most variation in sensory 

data, but a different condition of 85 % deformation and 1 mm/sec crosshead speed was 

found to be the most sensitive. Figure III. 6 showed that at 85 % deformation, the 

instrumental data scarcely explained any variation in the sensory data. However, the 

sensitivity of all significant TPA parameters at 70 % deformation was less than that at 80 

% deformation (Figure III.7a-d). This could be due to the most sensitive TPA condition 

being too sensitive as compared to human perception. Large differences found by the 

instrument might be much smaller differences when perceived by humans. 

Instant fried noodles are primarily made of wheat flour, salt, water and alkaline 

salt. Wheat flour used for making instant fried noodles usually requires higher protein 

content, especially in high-quality products. The noodles are steamed and fried before 

packaging, and they are boiled for few minutes before eating. The steaming process 

gelatinizes starch, and the frying process removes water from the noodles to ensure a 

longer shelf life for this product (Kim, 1996). Although the effects of steaming and frying 

on the texture of instant fried noodles have not been well established, these noodles were 

found to have different sensory texture characteristics from the other noodle styles 

(Pipatsattayanuwong et al., 1998). Through descriptive analysis, we observed that instant 

fried noodles had a less dense, and a less cohesive texture, as compared to fresh or dried 

alkaline noodles. Therefore, the rupture point or yield point, the point of permanent and 

irreversible deformation (Bourne, 1967), should be lower for instant fried noodles than 

for alkaline noodles.  Munoz et al. (1986) found that sensory responses correlated best 
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with compression forces when they were measured below the yield point at a lower 

crosshead speed. 

This may explain why the TPA condition with a lower degree of deformation 

produced data which better related to the sensory data for this type of noodles. In this 

case, a decision needs to be made for selecting the optimum TPA condition. If the 

objective of the test is to find differences among a set of instant fried noodles without 

considering if those differences mean anything to humans or not, the TPA condition 

which gives the highest sensitivity may be used. However, if one would like to determine 

whether or not the instant fried noodle samples exhibit differences in their first-chew 

characteristics, as perceive by humans, the TPA condition with a lower sensitivity that 

relate better to the sensory data should be used. The goal of this study was to determine 

the TPA condition that could be used as a tool to assess the sensory first-chew 

characteristics of noodles. Therefore, the optimum TPA condition suggested for 

measuring the texture of instant fried noodles was a 70 % deformation and a 1 mm/sec 

crosshead speed. 

Salted Flat Noodles 

The summary of the RSM results for salted flat noodles was shown in Table III. 6. 

Significant RSM models (p<0.05) were found only for the relationship between 

instrumental and sensory data, sensitivity of area 1, and repeatability of area 3 with R2's 

of 0.795, 0.954, and 0.117, respectively. Therefore, only the results of the first two 

significant responses were discussed and used for determining the optimum TPA 

conditions for measuring the salted flat noodle texture. 



Table III.6. Salted flat noodles: Regression equation coefficients and their significance levels, R , and model significances 
of the best-fitting models from the RSM optimization test. 

Effects of 

independent 
variables 

Coefficients 

Relationship 
with sensory data 

Sensitivity (x 2         ^ 
samples/ Repeatability (C.V.) 

Area 1 Area 2 Area 3 Peakl Peak 2 Area 1 Area 2 Area 3 Peak 1 Peak 2 
Linear 
Speed 4.670* -125.93*** NS NS NS NS NS NS NS NS 

Deformation NS 10.951*** 
LACK 

NS 0.017* NS NS 0.114* 1.189** NS NS 

Quadratic 

Speed2 NS NS OF NS NS NS NS NS NS NS NS 

Deformation2 0.330*** 50.384*** 
FIT 

NS NS NS NS NS NS NS NS 

Interaction 
Speed*Deform. NS NS NS NS NS NS NS NS NS NS 

R2 0.795 0.954 0.213 0.59 0.455 0.028 0.111 0.117 0.044 0.017 
Model 0.0032 0 0.7414 0.0729 0.2298 0.7635 0.0556 0.044 0.5295 0.9087 

significance 

*, **, *** significant atP < 0.05, P < 0.01, P < 0.001 
NS not significant (P > 0.05) 
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The relationship of the instrumental data with the sensory data for salted flat 

noodles was influenced by the linear term of crosshead speed to a certain extent, but was 

largely dependent on the quadratic term of degree of deformation (Table III. 6). Although 

both significant coefRcients were positive, the deformation2 term was more significant 

and contributed more in modeling the response. The contour plot of this response 

(Figure III. 9) showed that the instrumental data obtained from a medium degree of 

deformation (~ 70-77 %) had very low relationship with sensory data, however, it got 

better as degree of deformation increased or decreased. As the degree of deformation 

decreased, the response level depended on the crosshead speed and reached its highest 

level at 65 % deformation and 5 mm/sec (Figure III.9). The variation in sensory data 

explained by the instrumental data was approximately 60 % at this TPA condition. 

Salted noodles have a weaker protein matrix than alkaline noodles (Edwards et 

al., 1996; Huang and Morrison, 1988; Moss et al., 1986) which also implies that they 

have a lower yield point as compared to alkaline noodles. Munoz et al. (1986) observed 

that sensory responses correlated most highly with compression forces at the yield point 

when the higher crosshead speed was used. This may explain why TPA results at a 

smaller degree of deformation better related to sensory results when compared to those at 

a higher degree of deformation for these types of noodles. 

Except area 1, the sensitivity of all TPA parameters were independent of the 

experimental variables for salted flat noodles. However, the RSM model for area 1 had a 

low R2 (Table III. 6), it was discussed only as a suggestive trend and not as a predictive 

result. Area 1 was strongly affected by the linear terms of both crosshead speed and 

degree of deformation, and by the quadratic term of degree of deformation (Table III.6). 
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Figure 111.9. Salted flat noodles: Contour plot of % variation in sensory data 
explained by instrumental data obtained by various combination of crosshead 
speed and degree of deformation. 
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The contour plot of this response showed that the sensitivity of this TPA parameter was 

improved as the degree of deformation increased and crosshead speed decreased (Figure 

III. 10). Area 1 had the highest sensitivity when the TPA test was conducted at a 

deformation of 85 % and a crosshead speed of 1 mm/sec, and it had lowest sensitivity at a 

degree of deformation of 65-70 % and a crosshead speed of 3-5 mm/sec. 

The repeatability terms of all TPA parameters had regression models that were 

non-significant (except area 3) and had very low R2s (Table III.6). As a result, they were 

only discussed for a suggestive trend on area 3. Area 3 had a positive coefficient for 

degree of deformation suggesting a smaller C.V. as degree of deformation decreased. 

C.V. of area 3 was lowest (best repeatability) at a deformation of 65 % regardless of 

crosshead speed (Figure III. 11). 

The optimum TPA condition for measuring salted flat noodles was determined 

according to the results from the relationship between the sensory data and the sensitivity 

of the TPA parameters. Since the regression models for sensitivity for most of the TPA 

parameters were not significant, they were not included for this purpose. Although the 

sensitivity of area 1 was highest at a deformation of 85 % and a crosshead speed of 1 

mm/sec, it was a result of only 1 TPA parameter. Moreover, the instrumental data 

produced by this TPA condition explained less variation in the sensory data than that 

obtained from the TPA test at a deformation of 65 % and a crosshead speed of 5 mm/sec 

(Figure in.9). Therefore, the TPA condition of a 65 % deformation and a 5 mm/sec 

crosshead speed was suggested as an optimum TPA condition for measuring salted flat 

noodles. 
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Figure III. 10. Salted flat noodles: Contour plot of sensitivity (T2
samples, x 104) of 

peak area 1 obtained from TPA test using various combination of crosshead 
speed and degree of deformation for salted flat noodles. 
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Figure III. 11. Salted flat noodles: Contour plot of repeatability (%CV) of peak area 
3 obtained from TPA test using various combination of crosshead speed and degree 
of deformation. 

o 
"■§ 
S 
a 

CD 

2 3 4 

Crosshead speed (mm/sec) 



71 

Salted Round Noodles 

The summarized RSM results for salted round noodles were presented in Table 

III.7. The RSM models for the relationship between instrumental and sensory data, and 

the sensitivity of all the TPA parameters were highly significant (p<0.002) with high R2s 

(R2>0.83). These models showed a high potential to serve as predictive models for their 

respective responses. The RSM models for repeatability of the second compression 

parameters, area 2 and peak height 2, were the only significant models among 

repeatability for all the TPA parameters. Nevertheless, they had very low R2s (R2<0.20) 

and were not included in determining the optimum TPA condition for measuring salted 

round noodle texture. 

The relationship between instrumental and sensory data for this noodle style was 

mainly affected by the degree of deformation (Table III.7). The coefficient of the linear 

term of degree of deformation was negative, suggesting that a less amount of variation in 

the sensory data was explained by the instrumental data obtained from the TPA test at a 

higher degree of deformation. The contour plot of this response also suggested this 

occurrence (Figure III. 12). The highest level of the response (83 % variation in sensory 

data explained by instrumental data) was observed at a crosshead speed of 1 mm/sec and 

an approximate degree of deformation of 70 %. 

The sensitivities of all areas were highly affected by both the degree of 

deformation and the crosshead speed, but the sensitivities of all peak heights were 

affected only by the degree of deformation (Table III. 7). Coefficients of crosshead speed 

were negative and those of degree of deformation were positive for all areas. This 

suggested that the TPA test was more sensitive at a lower crosshead speed and a larger 



Table III.7. Salted round noodles: Regression equation coefficients and their significance levels, R , and model significances 
of the best-fitting models from the RSM optimization test. 

Effects of 

independent 
variables 

Coefficients 

Relationship 
with sensory data 

Sensitivity (T2
samDies) Repeatability (C. v.) 

Area 1 Area 2 Area 3 Peakl Peak 2 Area 1 Area 2 Area 3 Peak 1 Peak 2 
Linear 
Speed 

Deformation 
NS 

-2.530*** 
-0.251*** 
0.035*** 

-0.223*** 
0.024*** 

-0.242*** 
0.075*** 

NS 
0.021*** 

NS 
0.021*** 

NS 
NS 

NS 
0.255*** 

NS 
NS 

NS 
0.089* 

NS 
0.107* 

Quadratic 

Speed2 NS 0.061*** 0.067** 0.089* NS NS NS NS NS NS NS 

Deformation2 0.231* NS NS NS -0.001* NS NS NS NS NS NS 

Interaction 
Speed*Deform. NS NS NS NS NS NS NS NS NS NS NS 

R2 

Model 
significance 

0.835 
0.0012 

0.975 
0 

0.963 
0 

0.956 
0 

0.953 
0 

0.865 
0.0004 

0.044 
0.5335 

0.154 
0.0092 

0.013 
0.949 

0.088 
0.1339 

0.137 
0.0194 

*, **, *** significant atP < 0.05, P < 0.01, P < 0.001 
NS not significant (P > 0.05) 
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Figure III. 12. Salted round noodles: Contour plot of % variation in sensory data 
explained by instrumental data obtained by various combination of crosshead 
speed and degree of deformation. 
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degree of deformation for all curve areas. These effects were also illustrated in Figure 

Ill.lSa-c. The most sensitive TPA condition for all curve areas was an 85 % deformation 

and a 1 mm/sec crosshead speed. For peak height 1 and 2, coefficients of the linear term 

of degree of deformation had positive signs implying that the TPA test was more sensitive 

for these parameters when a larger degree of deformation was used, regardless of 

crosshead speed. Figure III.13d-e revealed the contour plots of these two peak heights. 

The highest sensitivities of these parameters were observed at an 85 % deformation. 

The repeatability of area 2 and peak height 2 were affected mainly by the degree 

of deformation (Table III.7). Both coefficients were positive which implied a reduction in 

the C.V. (better repeatability) as the degree of deformation decreased. Contour plots of 

the C.V.'s of area 2 and peak height 2 (Figure III. 14a and b) illustrated the trend of their 

reproducibilities as being functions of the experimental variables. The lowest C.V. levels 

of these two parameters were observed at a 65 % deformation and a crosshead speed that 

was lower than 4 mm/sec. 

The optimum TPA test condition for the salted round noodles was examined 

based on results from the relationship between instrumental and sensory data, and the 

sensitivity of the test. Although the TPA test seemed to be most sensitive at a degree of 

deformation of 85 %, its results explained a very low variation in the sensory data. As 

discussed in the section on the instant fried noodles, this could be because the instrument 

was too sensitive and detected differences which were not perceived by humans, or 

magnified the differences which were perceived as small by humans. Therefore, the 

optimum TPA condition for measuring the texture of salted round noodles was 
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Figure III. 13. Salted round noodles: Contour plot of sensitivity (x2
sampleS3) of peak 

(a) peak area 1, (b) peak area 2, (c) peak area 3, (d) peak height 1, and (e) peak 
height 2, obtained from TPA test using various combination of crosshead speed 
and degree of deformation. 
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Figure III. 14. Salted round noodles: Contour plot of repeatability (%CV) of (a) peak 
area 2 and (b) peak height 2, obtained from TPA test using various combination of 
crosshead speed and degree of deformation. 
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suggested, based on the results from the relationship between instrumental and sensory 

data determined by PLS2, as a deformation of 70 % and a crosshead speed of 1 mm/sec. 

The optimum condition for measuring salted round noodles was different from 

that for measuring salted flat noodles. This indicated that the shape of the noodle samples 

might affect the relationship between TPA results and the sensory responses. The round 

noodle strands created a rough and wavy contact surface when they were placed next to 

each other in the sample slot. This could create a problem in the compression test where 

a certain degree of deformation needs to be reached. Bourne (1967) found that small 

irregularities in the surface of the test sample have the potential to give a large error in the 

deformation distance under the same compression force. Inversely, an unparallel surface 

may give a large error in the force required to compress the sample to a certain 

deformation. A larger degree of deformation may help reduce the error caused by the 

irregularities of the test sample. This may be the reason why a higher degree of 

deformation is needed for measuring salted round noodles as compared to salted flat 

noodles. 

Conclusion 

The optimum TPA condition for each noodle style was determined and 

summarized in Figure III. 15. These conditions were selected based mainly on their ability 

to detect meaningful differences in the samples as detected by humans. The TPA results 

obtained from these optimum conditions could best relate multivariately to sensory data 

of first-chew characteristics. If the PLS2 technique was used for relating these two data 

sets (instrumental and sensory data) using the proposed optimum TPA conditions. 
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Figure III. 15. Suggested best instrumental TPA conditions for measuring texture 
of each noodle category. 

85% 

80% 

S 75% 

70% 

65% 

ALK 

INST 
SR 

SF 

2 3 4 

Speed (mm/sec) 

ALK = Alkaline noodles 
INST = Instant-fried noodles 
SR = Salt-round noodles 
SF = Salt-flat noodles 



79 

approximately 70 %, 80 %, 60 %, and 83 % of variation in the sensory data could be 

explained from the instrumental data for alkaline, instant fried, salted flat, and salted 

round noodles, respectively. However, some of the proposed optimum TPA conditions 

might not have the highest sensitivity or repeatability. Therefore, if the objective of 

conducting the TPA test was to find texture differences among samples whether or not 

humans could perceive those differences, the TPA condition with the highest sensitivity 

may be used. These conclusions hold only with noodles that have textural characteristics 

in the range of noodles used in this study. Different optimum conditions may be needed 

for noodles with textural characteristics outside these ranges. 
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Abstract 

Texture Profile Analysis was (TPA) used to examine effects of sample preparation 

methods of salted wheat noodles, which were two cooking factors and three holding 

factors. The cooking factors included noodle weights (20, 50, 100 g) and noodle to 

water ratios (1:10, 1:20). The holding factors included holding media (with, without 

water), holding temperatures (25, 55 0C), and holding times (2, 15, 30 min). A 

commercial dry salted noodle was used as the sample. A repeated measure with factorial 

treatment structure was used for the experimental design. The cooking factors did not 

significantly affect the TPA measurements. Higher holding temperatures, the use of 

water as a holding media, and longer holding times significantly decreased the values of 

most TPA parameters. Coefficients of variation ranging from 2.1-7.3 % and 2.2-14.5 % 

were associated with within and between cooking batch variation, respectively, for all 

TPA parameters except TPA adhesiveness. As a result, different sample weights and 

noodle to water ratios may be used in a study, if necessary, but the holding factors need 

to be kept constant throughout the study. 
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Introduction 

Texture is a critical property of cooked Asian wheat noodles that has been widely 

studied in the past two decades. Sensory evaluation and several instrumental methods 

have been employed to assess various texture characteristics of cooked noodles as 

affected by production factors such as, flour properties (Nagao et al., 1977; Oda et al., 

1980; Oh et al., 1985a, b; Huang and Morrison, 1988; Crosbie, 1991; Kim and Seib, 

1993; Baik et al., 1994a, b), flour refinement (Kruger et al., 1994; Miskelly and Moss, 

1985), ingredients (Moss et al., 1986; Edwards et al., 1996), and processing conditions 

(Edwards et al., 1996). 

Although texture of cooked noodles primarily depends on these production 

factors, it is also greatly influenced by the methods of cooking and holding the noodles 

prior to the measurement. Longer cooking time and holding time after cooking have 

been found to decrease the maximum cutting stress and resistance to compression of 

cooked noodles (Oh et al., 1983) and to decrease the maximum and initial rupture force 

of cooked spaghetti (Voisey et al., 1978). Sample ranking on intensities of instrumental 

parameters could also be affected by changing cooking and storage time (Voisey et al., 

1978). Therefore, the cooking and holding times need to be controlled to obtain a true 

and meaningful measurement of noodle texture. 

Besides cooking and holding times, other factors during and after cooking could 

affect the texture of cooked noodles. These factors include sample size for a cooking 

batch, noodle to water ratio, holding media, and holding temperature. Noodle 

researchers have been using different levels of these factors in studies on noodle texture 

by both sensory evaluation and instrumental measurements.   Sample sizes per cooking 
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batch ranged from 1 single strand of noodle (Guan and Seib, 1994), to 5-7 g (Kruger et 

al., 1994; Huang and Morrison, 1988), 10 g (Oh et al., 1985a, b, c), 20 g (Kim and Seib, 

1993; Oh et al., 1983), 30 g (Baik et al., 1994a, b; Panozzo and McCormick, 1993), 60- 

80 g. (Collins and Pangloli, 1997), and 100 g of noodles (Jeffers et al., 1979; Oda et al., 

1980; Moss et al., 1986). The noodle to water ratios ranged from 1:10 to 1:80. Most 

researchers, however, reported the sample size and the net amount of water used for 

cooking without indicating the precise noodle to water ratio. 

Cooked noodles were held in different conditions after cooling and draining. 

They were either held in soy sauce soup (Oda et al., 1980; Jeffers et al., 1979), held 

without liquid in a covered container like a desiccator (Kim and Seib, 1993), a plastic 

container (Kruger et al., 1994), or a polyethylene bag (Oh et al., 1983)), or held dry on a 

polyethylene sheet (Huang and Morrison, 1988) after cooking. Holding temperature was 

not reported in most of noodle studies. Reported holding times were 0 min (Collins and 

Pangloli, 1997; Panozzo and McCormick, 1993; Miskelly and Moss, 1985), 10 min 

(Huang and Morrison, 1988), 20 min (Kim and Seib, 1993), and 30 min (Oh et al., 1983). 

However, many noodle researchers (Crosbie, 1991; Crosbie and Lambe, 1993; Miskelly 

and Moss, 1985) did not indicate most of these conditions. The inconsistencies observed 

in the literature with respect to cooking and holding factors used for evaluating cooked 

noodle texture, led to the development of the objective of this study. 

Texture Profile Analysis (TPA), a two-cycle compression test (Bourne, 1978; 

Peleg, 1976; Friedman et al., 1963), was employed as a method for measuring the cooked 

noodle texture in this study. This method was chosen as it is being increasingly used to 

evaluate cooked Asian wheat noodle texture (Kim and Seib, 1993; Baik et al., 1994a, b; 
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Vadlamani and Seib, 1996; Hou et al., 1996a, b). The objective of this study was to 

investigate the effects of sample cooking and sample holdling factors on TPA test results. 

Cooking factors included batch size (noodle weight per cooking batch) and noodle to 

water ratio during cooking. Sample holding factors included holding media (with and 

without water), holding temperature, and holding time. 

Materials and Methods 

Samples 

The sample used in this study was a commercially made white salted noodle 

manufactured by Hai Tai America Corp., CA. The sample was a dry noodle with a round 

shape and a diameter of approximately 2 mm and 30 cm length. All noodle strands were 

broken in half, to the length of approximately 15 cm. before cooking each batch. 

Sample Cooking Methods 

Effects of noodle weights were examined at 20 g, 50 g, and 100 g of noodles per 

cooking batch. The noodle weight of 100 g was chosen because it was an optimum size 

for serving a descriptive analysis panel of 10-12 panelists. The smaller noodle weight of 

20 g and 50 g were included to examine a potential of using smaller noodle weights. 

Small sample sizes were commonly used by noodle researches due to limited amount of 

samples. Effects of noodle to water ratios were examined at levels of 1:10 and 1:20 

which are the two noodle to water ratios normally used for cooking noodles. 

Noodles were boiled at the designated cooking condition to their predetermined 

optimum cooking time using AACC Method 16-50 (AACC, 1995), which was 7 min for 
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this noodle (Hai Tai dry salted noodles). Then, they were drained and cooled in 15 0C 

water until the noodles had an approximate temperature of 25 0C. After cooling, the 

noodles were drained once more and held at the designated holding condition. 

Sample Holding Methods 

Sample holding method refers to the environment that the cooked noodles are 

placed in while awaiting evaluation. The three sample holding variables investigated in 

this study were holding condition (with or without water), holding temperature (25 0C or 

55 0C), and holding time (2, 15, or 30 min). Most Asian wheat noodles are consumed in 

soup or broth, which is represented by a holding condition of 55 0C in water. However, 

in some cases the cooked noodles were held at room temperature without water before 

instrumental measurements (Oh et al, 1983; Oh et al., 1985a, b, c). Therefore, three 

holding conditions were used in this study: holding at room temperature (~ 250C) without 

water, holding in 250C water, and holding in 550C water. The cooked noodle batches 

held without water were kept in a Ziploc bag (DowBrands, El Paso, TX) and the ones 

held in water were left in a Styrofoam bowl. A minimum holding time of 2 min 

represented the approximate time lapse from finishing the preparation to starting of 

consumption, provided noodles were served right after cooking. The longer holding 

times represented commonly encountered times in real consumption situations (30 min - 

Oh et al. (1983)). The holding time was initiated immediately after the noodles were 

drained and placed in the specified holding media at the designated temperature. 
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TPA Test 

Texture Profile Analysis (TPA) was performed on cooked Asian wheat noodles 

using a texture analyzer TA.XT2 (Texture Technologies Corp., Scarsdale, NY). The 

TPA test was done using a crosshead speed of 1 mm/s and samples were compressed to 

70 % of their original height (degree of deformation). The above-mentioned crosshead 

speed and degree of deformation were found to be the optimum conditions for 

performing TPA of cooked salted-round Asian wheat noodles (Pipatsattayanuwong, 

Chapter III). In the TPA, a 5-mm-wide flat plexiglass blade and a plexiglass base with a 

20 mm slot were used as the testing probe and sample holder, respectively, in the TPA 

test (Pipatsattayanuwong, Chapter III). Noodle samples were cooked and held using the 

designated cooking and holding conditions. Then, each sample was tested by placing the 

cooked noodle strands on the plexiglass slot to fill the slot's width with one layer of 

noodle strands. In the case of Hai Tai noodles, seven strands were needed for the sample 

to fill up the slot. Each sample was measured three times and measurements were 

completed within five min. New noodle strands were used for each measurement. TPA 

curves were collected using the computer program XT.RA Dimension version 3.7H 

(Stable Micro Systems, Surrey, UK). Curve parameters included the areas obtained from 

the two compressions (area 1 and 2, respectively), peak heights of the two compressions 

(PI and P2, respectively), and a negative area (area 3) obtained during probe withdrawal 

between compressions. 
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Experimental Design 

A factorial design (cooking and holding factor levels) with repeated measures at 

the treatment level of holding time was employed as the experimental design (Figure 

IV. 1). The experiment was replicated 4 times with samples randomized within each 

replication. The same bowl of noodles (experimental unit) was evaluated for all three 

holding times: 2 min, 15 min, and 30 min. This restriction resulted in a repeated measures 

design of the experiment. 

Statistical Analysis 

Since the repeated measures design violates the assumption of independence 

among observations which is required for performing analysis of variance (ANOVA), 

either the assumption of compound symmetry or Huynh-Feldt condition needs to be 

satisfied to perform a univariate ANOVA on the repeated measures data. Compound 

symmetry is a condition that all variances are equal and all covariances in the data matrix 

are equal to a constant times the variance. The Huynh-Feldt condition is a condition that 

the variances of all possible pairs of observations taken at different time periods are equal. 

The matrix of variance and covariance estimates at different time period with the Huynh- 

Feldt condition is called a Type H matrix. The method to test the hypothesis that a 

matrix is of Type H form is called a "Mauchly test of sphericity". If this test is non- 

significant and type H form is concluded, the repeated measures data can be analyzed as a 

split-plot design with holding time as a subplot treatment. One way to analyze the 

repeated measures data when the Huynh-Feldt condition is not satisfied is by conducting 

an approximate F-test using reduced (adjusted) degrees of freedom.    Two types of 



Figure IV. 1. Experimental design. 
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adjustments can be used (Greenhouse-Geisser epsilon and Huynh-Feldt epsilon). The 

adjustment is done by multiplying the numerator and denominator degrees of freedom by 

the epsilons. The Huynh-Feldt epsilon is a less conservative adjustment than the 

Greehouse-Geisser epsilon (Stafford and Sabin, 1996; Kuehl, 1994; Montgomery, 1991). 

Since the structure of this experiment had a repeated measures design, the Hyunh- 

Feldt condition was first examined by conducting a Mauchly (W) sphericity test. If the 

Hyunh-Feldt condition was satisfied (Mauchly test was not significant), the data was 

analyzed as a split-plot design with time of measurement as the subplot treatment factor 

(Kuehl, 1994). If the Hyunh-Feldt condition did not hold, the Greenhouse-Geisser 

adjustment was used for the ANOVA. Each TPA parameter was individually analyzed as 

a dependent variable. The holding media and holding temperature were treated as three 

levels of holding which were 1) holding at 25 0C in water, 2) holding at 25 0C without 

water, and 3) holding at 55 0C in water. The holding time was treated as a "within- 

subject" and other variables were treated as "between-subject". The average of three 

measurements in each replication was used for the analysis. ANOVA and Fisher's 

protected Least Significant Difference (LSD) were used to examine significant differences 

between different levels of the experimental factors on the TPA test results. All analyses 

were performed using the SPSS statistical package (SPSS Inc., Chicago, IL). 

Repeatability Calculation 

Repeatability was defined, in this study, as the ability to repeat the test results 

over measurements within the same cooking batch (a batch of noodles which was cooked 

and held using a unique combination of cooking and holding factors, an experimental unit. 
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or a replication). This was determined by calculating a coefficient of variation (C.V.), 

which was the standard deviation over the mean, over the three measurements of each 

replication. Then, the C.V. of each replication was used as a response for each 

experimental design point. The data was analyzed as a factorial structure with repeated 

measures design. Mean separations were conducted using LSD. 

Reproducibility Calculation 

Reproducibility, defined as ability to reproduce the test results over replications of 

cooking batches, was also examined. This was determined by calculating a mean of the 

three measurements for each replication (cooking batch). Then, a C.V. was calculated on 

the 4 means (of the 4 replication), as shown in Scheme 1 below. The calculated C.V.s of 

the design points associated with each level of the experimental factors, were used to 

determine whether different levels of these factors had significant effects on the 

reproducibility of TPA test results. An ANOVA was conducted on this data as a 

repeated measures design. However, since the data was an average of all replications for 

each design point, the data was analyzed as if there were no replications. A Fisher's 

protected LSD were used to examine significant differences between the experimental 

factors. 

Scheme 1. Calculation procedure for determining reproducibility of TPA tests. 

Rep. 1-^3 measurements -^   Mean rep. 1.. 

Rep. 2-^3 measurements "^   Mean rep. 2 C.V. for each 

Rep. 3-^3 measurements -^    Mean rep. 3 design point 

Rep. 4-^3 measurements -^   Mean rep. 4 
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Results and Discussion 

The results of hypothesis testing on Huynh-Feldt condition are summarized in 

Table IV. 1. Mauchly's W test and the approximate Chi-Square test for all TPA 

parameters, except TPA springiness and TPA chewiness, were not significant at a = 0.15. 

These data suggested that type H matrix could be assumed for the repeated measure 

design of all TPA primary parameters, TPA cohesiveness, and TPA gumminess. As a 

result, each TPA parameter was analyzed as a split-plot design, with holding time as the 

'within-subject' variable and all other factors as 'between-subject' variables. The 

ANOVA for TPA springiness and TPA chewiness were performed using the Greenhouse- 

Geisser adjustment for the sub-plot variable (time). 

Effect of Noodle Weight 

Weights of noodles for each cooking batch did not significantly affect (P > 0.05) 

the results of all five TPA parameters (Table IV. 2). The means of different noodle 

weights were not significantly different for any TPA parameters (Table IV.3). 

The interaction between noodle weight and holding condition for area 3 was 

significant (P < 0.05) (Table IV.2). When cooked noodles were held with water, slight 

changes in area 3 were found with increasing noodle weights (Figure IV.2). However, an 

increase of noodle weight from 50 g to 100 g resulted in a large increase of area 3, when 

the cooked noodles were held dry. This implied that noodle weight during cooking needs 

to be controlled if the cooked noodles are held without water. If the cooked noodles are 

held in water, different noodle weights may be used to cook noodles for the TPA test. 



Table IV. 1. Results from Mauchly's test of sphericity on the hypothesis of Huynh-Feldt condition of 
Texture Profile Analysis parameters. 

Response Mauchly's W Approx. 
Chi-Square 

df P- value Greenhouse-Geisser 
Epsilon 

Al 0.887 1.315 2 0.518 0.899 
A2 0.721 3.595 2 0.166 0.782 
A3 0.758 3.043 2 0.218 0.805 
PI 0.883 1.375 2 0.503 0.895 
P2 0.867 1.571 2 0.456 0.883 
TPA springiness 0.115 23.830 2 0.000 0.530 
TPA cohesiveness 0.711 3.744 2 0.154 0.776 
TPA gumminess 0.770 2.871 2 0.238 0.813 
TPA chewiness 0.573 6.125 2 0.047 0.701 
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Table IV.3. Means of Texture Profile Analysis parameters as affected by experimental factors. 

TPA parameters 
Cooking factors Holding factors                                           | 

Noodle weights (g.) Noodle: Water ratios Holding conditions Times (min)        | 
20 50 100 1:10 1:20 Without water With water With water 2 15 30 

at 25 0C at 25 0C at 55 "C 

Area 1 (g x s) 1293.17 1252.97 1254.63 1260.15 1273.63 1314.09a 1284.01b 1203.05° 1327.11a 1260.43b 1213.53° 

Area 2 (g x s) 619.06 601.68 606.39 603.82 614.27 649.77a 623. llb 554.34° 703.18a 598.40b 525.20° 

Area 3 (g x s) 12.48 13.08 14.07 13.04 13.38 16.53a 10.40b 12.66b 14.32a 12.50b 12.81*' 
(TPA adhesiveness) 

Peak height 1 (g) 1748.16 1709.72 1718.86 1721.59 1729.61 1840.39a 1752.49b 1584.06° 1951.41a 1699.43b 1525.05° 
(TPA hardness) 

Peak height 2 (g) 1516.96 1480.71 1494.02 1492.57 1501.92 1607.45a 1520.75b 1363.66° 1735.32a 1474.20b 1281.23° 

TPA springiness 0.76 0.77 0.76 0.76 0.76 0.77 0.76 0.75 0.78a 0.75b 0.75b 

TPA cohesiveness 0.48 0.48 0.48 0.48 0.48 0.49a 0.48b 0.46° 0.53a 0.47b 0.43° 

TPA gumminess 842.12 826.5 835.04 829.13 839.97 911.99a 853.84b 737.82° 1032.26a 808.31" 663.08° 

TPA chewiness 640.52 636.9 636.46 634.42 641.5 704.77a 653.4b 555.7° 808.34" 606.45b 499.09° 

abc Means with the same or no superscript were not significantly different with the LSD test (P > 0.05) within the same experimental factor 
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Figure IV.2. Interaction plots of batch weight and holding condition for area 3 
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Effects of Noodle to Water Ratio 

A change of noodle to water ratios from 1:10 to 1:20 did not significantly affect 

(P > 0.05) the overall results of all TPA parameters (Table IV.2). However, the effects 

of the noodle to water ratio on the TPA results depended on the noodle weight as 

indicated by the significant interaction of these two factors (P < 0.05) for all TPA 

parameters, except area 3, TPA springiness, and TPA chewiness (Table IV.2). The 

interaction plots of noodle weight and noodle to water ratio reveal that area 1, area 2, 

peak height 1, peak height 2, and TPA gumminess values of the noodles cooked with 

noodle weights of 20 g and 50 g increased as the noodle to water ratio increased from 

1:10 to 1:20 (Figure IV.3a, b, c, d, f). However, the opposite effect was observed for the 

noodles cooked with noodle weight of 100 g for these TPA parameters. The increase of 

noodle to water ratio from 1:10 to 1:20 did not affect the TPA cohesiveness of the 

noodles cooked with noodle weights of 50 g and 100 g, but it increased the value of this 

parameter for the noodles cooked with noodle weight of 20 g. 

The significant interaction of the noodle to water ratio and the holding condition 

on area 3 (Table IV.2) indicated that the value of this parameter at different noodle to 

water ratios changed depending on the holding condition. Figure IV.4 shows that an 

increase of noodle to water ratio also increased the values of area 3 when the cooked 

noodles were held in water, for both temperatures, but decreased the values of this TPA 

parameter when the noodles were held without water. These results suggested that a 

higher noodle to water ratio used during cooking increased the adhesiveness of the 

noodles, if the cooked noodles were allowed to absorb extra water after cooking (held in 
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Figure IV.3. Interaction plots of noodle :water ratio and batch weight for each Texture 
Profile Analysis parameter 
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Figure IV.4. Interaction plots of noodle:water ratio and holding condition for Area 3 
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water).    However, the noodles' adhesiveness decreased if they were not allowed to 

absorb more water during holding period (held dry). 

Effects of Holding Condition 

Holding conditions of cooked noodles after cooking and cooling significantly 

affected (P < 0.05) the overall results of all TPA parameters (Table rv.2). Area 1, area 

2, peak height 1, and peak height 2 values of cooked noodles held in 550C water were 

significantly lower than those of the cooked noodles held in 250C water (Table IV.3). 

These four TPA parameters also significantly decreased with a higher temperature of 

holding water (Table IV.3). This implies that a higher holding temperature and the use of 

water to hold cooked noodles, decrease the force and energy required for compressing 

the cooked noodles. The effects of adding water as a holding media, however, were 

smaller than the effects of increasing the holding temperature, as calculated from the 

mean differences (Table IV.3). Means of area 1, area 2, peak height 1, and peak height 2 

decreased by 2.3 %, 4.1 %, 4.8 %, and 5.4 %, respectively, as a result of adding water as 

a holding media. However, means of these TPA parameters decreased by 6.3 %, 11.0 %, 

9.6 %, and 10.3 %, respectively, as a result of increasing the holding temperature. 

Area 3 values of cooked noodles held without water at 25 0C were significantly 

higher than those held in water at both temperatures (Table IV.3).. These results suggest 

that holding the noodles without water significantly increased the adhesiveness of the 

cooked noodles. This is because the adhesiveness of a product depends greatly on the 

condition of its surface condition, which is in contact with the probe. The cooked 

noodles held without water had a dryer strand surface and a dryer compressed mass, they 
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were more adhesive to the probe than those held in water. Up to 37 % of a decrease in 

area 3 was observed when water was the holding media (Table IV.3). However, the area 

3 values of cooked noodles held in water at 250C and 550C were not significantly 

different, indicating that the temperature of the holding water did not significantly affect 

the surface condition of the cooked noodles. 

Effects of Holding Time 

Table IV.2 shows that holding time significantly affected the results of all TPA 

parameters. The longer holding times, from 2 min to 15 min and from 15 min to 30 min, 

significantly decreased the TPA parameters values, but they increased the values of area 3 

(Table IV.3). However, a larger decrease of these TPA parameters was observed when 

the holding time was prolonged from 2 min to 15 min than from 15 min to 30 min (Table 

IV.3). The decreases in TPA parameters corresponding to a decrease in holding time 

from 2 min to 15 min were 5.0 % for area 1, 14.9 % for area 2, 12.9 % for peak height 1, 

15.0 % for peak height 2, 3.8 % for TPA springiness, 11.3 % for TPA cohesiveness, 21.7 

% for TPA gumminess, and 25 % for TPA chewiness. Nevertheless, the increase in 

holding time from 15 min to 30 min had less of a decreasing effect on the TPA 

parameters (3.7 %, 12.2 %, 10.3 %, and 13.1 %, 0 %, 8.5 %, 18 %, and 17.7 %, 

respectively). This was in agreement with previous studies conducted by Oh et al. (1983) 

on cooked wheat noodles and Voisey et al. (1978) on cooked spaghetti. Oh et al. (1983) 

found that maximum cutting stress and resistance to compression of cooked noodles 

decreased sharply from 0 to 10 min holding time after cooking, but decreased at a lower 

rate after 20 min of holding.   Voisey et al. (1978) measured the texture of cooked 
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spaghetti after cooking from 2.5 to 60 min. They found that maximum force continued to 

decrease after holding up to 50 to 60 min, and initial rupture force continued to decrease 

up to 30 min of holding. 

A significant interaction between holding time and noodle weight of all TPA 

parameters (Table IV. 2) indicated that holding time affected the TPA results to a different 

extent, depending on the noodle weight used during cooking. Longer holding times 

decreased the values of all TPA parameters, except area 3, TPA springiness, and TPA 

cohesiveness, (Figures 5a, b, c, d, f, and g, respectively), the decreasing rates were further 

reduced as larger noodle weights were used. These figures show that the overall 

differences between cooked noodles held for 2 min and 30 min were reduced when 

noodle weight was 100 g, comparing with smaller noodle weights. The same effects were 

also observed on area 3 (Figure IV.5e), when holding time prolonged from 2 min to 15 

min. However, when holding time was 30 min, further reduction of area 3 was observed 

only with noodles cooked with a noodle weight of 20 g. Noodles cooked with noodle 

weights of 50 g and 100 g had increased area 3 values when holding time prolonged from 

15-30 min. 

Holding time also had a significant interaction with the holding condition for all 

TPA parameters (Table IV. 2). The effects of holding time were larger when samples 

were held in water of both temperatures than when samples were held without water. 

This was true for area 2, peak height 1, peak height 2, TPA cohesiveness, TPA 

gumminess, and TPA chewiness (Figure IV.6b, c, d, f, g, and h respectively). For area 1, 

the effects of prolonging holding time from 2 min to 15 min were similar for noodles held 

in all holding conditions, but further holding times reduced area 1 values in a smaller 
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Figure IV.5. Interaction plots of holding time and batch weight for each Texture 
Profile Analysis parameter 
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Figure IV.6. Interaction plots of holding time and holding condition for each Texture 
Profile Analysis parameter 
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Figure IV.6 (Continued). Interaction plots of holding time and holding condition 
for each Texture Profile Analysis parameter 
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extent for noodles held in water than those held without water (Figure IV. 6a). Area 3 

values decreased with longer holding time when noodles were held in water, but they 

increased when noodles were held without water (Figure IV. 6e). This was because the 

noodle surface was dryer and more adhesive with a longer holding time without water. 

Repeatability of TPA Test 

The coeflBcients of variation (C.V.s) that are calculated from a standard deviation 

of measurements which were done within a cooking batch may not be called 

'reproducibility'. Instead, these C.V.s may be called 'repeatability' due to their pseudo- 

replication nature. Reproducibility, which should be obtained from true replications, 

indicates how well the test can reproduce itself when the same treatments are reapplied to 

another experimental unit. However, these C.V.s did not give that information. They 

only indicated how well the test could repeat itself when multiple measurements were 

made on the same experimental unit. 

The C.V.s within a cooking batch for all TPA parameters are summarized in Table 

IV.4. Each number represents the average C.V. of all C.V.s of the design points that had 

the respective level of the experimental factor, for each TPA parameter. For example, the 

number for area 1 under the noodle to water ratio of 1:10 indicates the average C.V. of 

area 1 for all design points that had noodle to water ratio of 1:10 (all noodle weights, 

holding conditions, and holding times). The mean comparisons were performed between 

different levels of the same experimental factor and not across different experimental 

factors. 



Table IV.4. Coefficients of variation (C.V.) WITHIN cooking batch (repeatability) of Texture Profile Analysis parameters 

TPA parameters 
Cooking factors Holding factors                                         | 

Noodle weights ( g.) Noodle: Water ratios Holding conditions Times (min)          | 
20 50 100 1:10 1:20 Without water With water With water 2 15 30 

at 25 0C at 25 0C at 55 0C 

Area 1 (g x s) 3.92 4.13 4.13 4.01 4.11 4.32 4.31 3.54 4.82a 3.91b 3.45b 

Area 2 (g x s) 3.88 4.21 4.01 3.94 4.14 4.22 4.20 3.68 3.86 3.89 4.36 

Area 3 (g x s) 26.50 27.32 30.15 27.61 28.37 22.25b 31.22a 30.48" 24.75b 27.03b 32.25a 

(TPA adhesiveness) 

Peak height 1 (g) 3.87 4.13 4.28 4.06 4.13 4.28 4.13 3.87 4.64a 4.04b 3.60c 

(TPA hardness) 
Peak height 2 (g) 3.99 4.94 4.28 4.19 4.61 4.61 4.46 4.14 4.66 4.39 4.15 

TPA springiness 3.31 3.53 3.89 3.65 3.51 3.42b 3.29b 4.02a 3.35 3.58 3.81 

TPA cohesiveness 2.77 3.31 3.06 3.03 3.06 2.73b 2.69b 3.71" 2.09b 2.99b 4.06a 

TPA gumminess 4.29 5.03 4.57 4.63 4.62 4.68 4.36 4.84 3.8r 4.59b 5.49a 

TPA chewiness 6.21 6.38 6.79 6.49 6.43 6.27 6.16 6.94 5.80b 6.27b 7.31a 

abc Means with the same or no superscript were not significantly different with the LSD test {P > 0.05) within the same experimental factor 

o 
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C.V.s of area 1 (3.45-4.82 %), area 2 (3.68-4.36 %), peak height 1 (3.60-4.64 

%), peak height 2 (3.99-4.94 %), TPA springiness (3.29-4.02 %), and TPA cohesiveness 

(2.09-4.06 %), were in the same range across the experimental factors and they were 

lower than 5 %, which was considered good repeatability. Area 3, however, had high 

C.V.s (22.25-30.88 %) for all experimental parameters. Higher C.V.s were observed for 

TPA gumminess (3.81-5.49 %) and TPA chewiness (5.80-7.31 %) since these parameters 

were calculated by multiplying two or more of the previous parameters. This was in 

agreement with Baik et al. (1994a, b) who also performed the TPA test on cooked 

noodles with the same restriction that was used in this study (3 measurements within 5 

min). They found that C.V.s of most TPA parameters (hardness, cohesiveness, 

springiness, gumminess, and chewiness) were lower than 6 % (Baik et al., 1994a) and 8 

% (Baik et al., 1994b) but C.V.s of adhesiveness (negative force between the first and 

second peak) were higher. This large variability in area 3 could be because the magnitude 

of area 3 relies mainly on how sticky or adhesive the surface of the noodles was to the 

probe. However, the adhering ability of the noodles depended on their surface conditions 

which were very difficult to control (Baik et al., 1994a). Since the three measurements 

on which these C.V.s were calculated were measured within 5 min, the small C.V.s 

indicated that the cooked noodles had small changes in their texture within the 5 min 

period. However, Kim and Seib (1993) observed smaller C.V.s for repeatability of TPA 

parameters although they tested noodles over a period of 15 min. They found C.V.s of < 

0.4 % for firmness, < 4 % for cohesiveness, < 20 % for adhesiveness, and < 0.1 % for 

recovery. These small C.V.s, however, could be due to the larger number of 

measurements (10 measurements) and the exclusion of 2-3 measurements with high 
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variation before calculating C.V.s of the test.   Therefore, the C.V.s obtained from their 

study were expected to be lower than those obtained from this study. 

The significant effects of the experimental cooking and holding factors on the 

repeatability of the test were examined and are shown in Table IV. 4. The means without 

superscripts showed no significant difference between means of different levels within an 

experimental factor. Noodle weight and noodle to water ratio did not significantly affect 

the repeatability of the TPA test of cooked noodles. The holding condition affected the 

C.V.s of area 3, TPA springiness, and TPA cohesiveness. Higher holding temperature 

significantly increased C.V.s of TPA springiness and TPA cohesiveness. Cooked noodles 

held without water had the lowest C.V. for area 3 over those held in water of both 

temperatures. This could be because it was harder to control moisture on the surface of 

the noodle strands for the samples held in water as opposed to those held without water. 

Therefore, higher variation was found with the noodles held in water. The holding 

temperature, however, was found to have no effect on the repeatability of the TPA test. 

Holding times had different effects on different TPA parameters with respect to their 

repeatability. For the first compression parameters (areal and peak height 1), a 2 min 

holding time produced a significantly higher C.V. compared with C.V.s from longer 

holding times of 15 min and 30 min, although the C.V. of peak height 1 continued to 

decrease with prolonged holding time from 15 min to 30 min. Conversely, the C.V. of 

area 3, TPA cohesiveness, TPA gumminess, and TPA chewiness at 30 min holding time 

was significantly higher than those at shorter holding times. 
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Reproducibility of TPA Test 

The C.V.s between cooking batches for all TPA parameters are summarized in 

Table IV.5. These C.V.s indicate the reproducibility of TPA tests with true replications, 

as affected by cooking and holding factors. The range of C.V.s was 5.37-6.93 % for area 

1; 5.76-7.80 % for area 2; 5.65-7.53 % for peak height 1; 6.02-8.20 % for peak height 2; 

2.2-8.18 % for TPA springiness; 2.72-4.70 % for TPA cohesiveness; 5.98-10.51 % for 

TPA gumminess; and 6.78-14.39 % for TPA chewiness. Area 3, again, had the largest 

C.V.s (20.78-34.52 %) among all TPA parameters. Oh et al. (1983) used a cutting test 

to measure 5 parameters (maximum cutting stress, work to cut, compression slope, 

resistance to compression, and recovery) of cooked noodles over 5 different days and 

found the C.V.s to be between 2.5-5.5 %. This suggested that the cutting test might have 

smaller variation than the compression test such as the TPA. 

The C.V.s for the reproducibility of all TPA parameters (except area 3) were 

between 2.2-14.5 %, which were larger than those for repeatability. This implied that 

there was a considerable amount of variation associated with the cooking and holding 

process for cooked noodles. This variation may be a source of error in finding texture 

differences among samples, especially when their textures are not obviously different. 

Therefore, it is necessary to always have true replications (multiple cooking batches) to 

account for the variation that is caused by cooking and holding factors. This will enable 

one to be certain that the differences found among samples are from experimental 

treatments, and not from cooking and holding errors. 

The higher noodle to water ratio (1:20) significantly reduced C.V.s for the various 

cooking batches for area 2, peak height 1, peak height 2, and TPA gumminess (Table 



Table IV. 5. Coefficients of variation (C.V.) BETWEEN cooking batches (reproducibility) of Texture Profile Analysis parameters 

TPA parameters 
Cooking factors Holding factors                                           | 

Noodle weights (g.) Noodle:Water ratios Holding conditions Times (min)         | 
20 50 100 1:10 1:20 Without water With water With water 2 15 30 

at 25 0C at 25 0C at 55 0C 

Area 1 (g x s) 5.73 6.76 6.10 6.59 5.81 6.66 6.05 5.88 6.93 6.30 5.37 

Area 2 (g x s) 6.94 7.35 6.92 7.8a 6.34b 5.76b 7.55a 7.90a 6.62 7.06 7.53 

Area 3 (g x s) 24.54 27.09 29.39 27.01 27.01 24.36 28.68 27.98 20.78b 25.72b 34.52a 

(TPA adhesiveness) 

Peak height 1 (g) 7.22 6.33 6.21 7.53a 5.65b 5.72 7.55 6.49 5.97 6.63 7.15 
(TPA hardness) 

Peak height 2 (g) 7.91 6.96 6.63 8.2a 6.12b 6.02 8.13 7.33 6.11 7.33 8.04 
TPA springiness 5.3 2.74 4.81 3.92 4.64 2.54 5.54 4.77 2.2 8.18 2.47 

TPA cohesiveness 3.34 3.65 3.47 3.5 3.48 2.72 4.15 3.6 2.29c 3.47b 4.70a 

TPA gumminess 9.19 8.04 7.61 9.43a 7.13b 5.98b 9.8" 9.06a 6.09b 8.24b 10.51a 

TPA chewiness 12.89 8.72 11.03 11.9 9.86 6.9 13.7 12.04 6.78c 14.39a 11.47b 

abc Means with the same or no superscript were not significantly different with the LSD test (P > 0.05) within the same experimental factor 
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IV.5). Noodles cooked in a higher noodle to water ratio may yield more reproducible 

results. This was probably because the noodle strands could move more freely in a larger 

amount of water during cooking than in a smaller amount of water. Consequently, 

noodles absorbed water more uniformly and gelatinized, which led to a more uniform 

texture and more reproducible results between cooking batches. The noodle weights, 

however, did not significantly affect reproducibility of the TPA tests. 

Cooked noodles held without water, had significantly lower C.V.s for cooking 

batches than those held in water of both temperatures for area 2 and TPA gumminess 

(Table IV.5). This suggested that holding media affected this TPA parameter but holding 

temperature did not. Although cooked noodles held without water produced more 

reproducible results for these TPA parameters, this does not represent the manner in 

which Asian noodles are normally eaten, since they are usually consumed in a warm 

broth. However, the holding condition did not significantly affect the reproducibility of 

other TPA parameters. 

A longer holding time of 30 min significantly decreased the reproducibility of area 

3, TPA cohesivenss, TPA gumminess, and TPA chewiness (Table IV.5). However, 

reproducibility at 2 min holding time, was not significantly different from that at 15 min 

holding time for area 3 and peak height 2. This implied that texture of cooked noodles, 

which continue to change after cooking and cooling, varied in the same range across 

cooking batch within the first 15 min of holding. Then, it varied with a much larger range 

at 30 min, especially for area 3 which relates to the moisture of the noodle strands. 
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Conclusion 

Sample cooking factors (noodle weights and noodle to water ratios) did not 

significantly affect the TPA results, however, they interacted with other holding factors. 

Therefore, they need to be specified and controlled if the effects of holding factors are of 

interest in the study. The sample holding factors (holding media, holding temperatures, 

and holding times) significantly affected TPA results. Therefore, direct comparisons of 

results between laboratories should be made only for those utilizing the same holding 

method. The C.V.s within a cooking batch were between 2.09-7.31 % and the C.V.s 

between batches ranged from 2.2-14.5 % for all TPA parameters, except TPA 

adhesiveness (area 3). Since there is a considerable amount of variation between cooking 

batches, replications of cooking batches are recommended for performing TPA tests. 

Finally, different sample sizes and noodle to water ratios may be used in a study, if 

necessary. However, the holding factors need to be kept constant throughout the study. 

These conclusions hold for only one Asian wheat noodle, and the effects of cooking and 

holding factors may vary across different noodle styles. 
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Abstract 

The instrumental Texture Profile Analysis (TPA) and trained sensory panel were 

used to evaluate texture of four styles of cooked Asian wheat noodles: alkaline, instant 

fried, salted flat, and salted round noodles. The TPA results were used to model each of 

the noodle's first-chew attribute (hardness, cohesiveness, springiness, denseness, starch 

between teeth, and toothpull) using linear and nonlinear (i.e., semi-log (Fechner) and log- 

log (Stevens)) models. The parameters suggested TPA were not good predictors for 

their corresponding sensory attributes for all styles of the noodles. Hardness could be 

satisfactorily predicted by a single TPA parameter but other attributes required multiple 

parameters to yield satisfactory predictive models. Different model types were 

appropriate for different sensory attributes and noodle styles. TPA peak area 1 and 2 

were the best predictors for most first-chew characteristics of the noodles. 
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Introduction 

Texture of Asian wheat noodles is normally evaluated by sensory evaluation or 

instrumental measurement. Various sensory evaluation methods have been employed for 

measuring noodle texture, qualitatively and quantitatively. Eating quality is one of the 

most often used terms to express noodle textural quality (Jeffers et al., 1979; Oda et al., 

1980; Miskelly and Moss, 1985; Moss et al., 1986; Crosbie, 1991; Crosbie and Lambe, 

1993); however, it was defined differently among researchers. Eating quality was 

referred to as the sum of quality scores on color, texture, taste, and yield (Jeffers et al., 

1979); smooth, soft, and tender feeling during mastication (Oda et al., 1980); firmness, 

elasticity (Moss et al., 1986), and surface stickiness (Miskelly and Moss, 1985); firmness, 

elasticity, and smoothness (Crosbie, 1991; Crosbie and Lambe, 1993; Batey et al., 1997); 

or elasticity and softness (Panozzo and McCormick; 1993). Recently, Collins and 

Pangloli (1997) used untrained panelists to evaluate intensity of stickiness and tenderness 

while Ross et al. (1997) utilized trained panelists to evaluate intensities of firmness, 

elasticity, and surface smoothness of cooked Asian wheat noodles. A complete texture 

profiling of Asian wheat noodles was conducted after the development of noodle texture 

lexicon by Pipatsattayanuwong et al. (1998). Texture profiles of three styles of Asian 

wheat noodles (Thai Bamee noodles, Taiwanese fresh salted noodles, and Malaysian 

Hokkien noodles) were successfully determined by Janto et al. (1998) using the 

developed noodle texture lexicon. 

Most sensory evaluations of cooked Asian wheat noodle texture has been done on 

quality instead of on quantity of each textural attribute. An attempt to profile the 

noodles' texture or to observe the degree of textural differences has relied heavily on 
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instrumental measurements. This could be because a quantitative measurement using 

sensory evaluation requires a well-trained panel which is time consuming and it demands 

special knowledge and skills to conduct the training and testing. Diverse instrumental 

measurements have been employed to monitor changes of textural parameters of cooked 

noodles. Empirical tests such as the cutting test (Oh et al., 1983, 1985b, c; Kruger et al., 

1994) and the compression test (Huang and Morrison, 1988; Collado and Corke, 1996) 

were used to evaluate firmness of cooked noodles. A compression test with a small 

degree of deformation (10 %) was also used to examine surface firmness of noodles (Oh 

et al., 1985a, b, c; Kruger et al., 1994). Guan and Seib (1994) created a multifaced probe 

for use with the Texture Analyzer TA.XT2 (Texture Technologies Corp., Scarsdale, NY) 

to evaluate the surface stickiness of cooked noodles and spaghetti. Multiple textural 

parameters also have been measured using an imitative test such as the Texture Profile 

Analysis (TPA) method performed by the Instron Universal Testing Machine or Texture 

Analyzer TA.XT2 (Kim and Seib, 1993; Baik et al., 1994a, b; Vadlamani and Seib, 1996; 

Hou et al., 1996a, b). 

Although instrumental measurements have been widely used to examine noodle 

textural properties, only a few were examined for the relationships between their 

parameters and sensory attributes of the product. Oh et al. (1983) found that three 

parameters of the cutting test (maximum cutting stress, work to cut, and resistance to 

compression) significantly correlated to sensory firmness, and two parameters (resistance 

to compression and recovery) significantly correlated to sensory chewiness for salted 

noodles. The initial compression slope of the small-deformation compression test was 

found to have a significant positive correlation with sensory surface firmness of salted 



123 

noodles (Oh et al., 1985a). The TPA method, although extensively used in noodle 

texture studies, their parameters' relationships to the sensory characteristics of noodles 

has not been confirmed. 

The interpretation of TPA recorded curves was originally done by Friedman et al. 

(1963), based on definitions of the mechanical parameters of texture, previously 

developed by Szczesniak (1963 a), as compared to the measurement conditions by the 

texturometer. The interpretation and calculation of the TPA parameters were later 

modified by Bourne (1968), as he adapted the method for use with the Instron machine. 

Although the TPA parameters are named with sensory terms such as fracturability, 

hardness, cohesiveness, springiness, gumminess, and chewiness, they have been 

confirmed for their representation of the corresponding sensory attributes only in limited 

types of foods. Leung et al. (1983) found that TPA fracturability, hardness, and 

cohesiveness were highly correlated to sensory hardness of cooked potatoes. Kim et al. 

(1996) observed significant correlations between TPA hardness and sensory firmness, and 

between TPA cohesiveness and transparency of starch noodles. However, Henry et al. 

(1971) observed very low correlations between the TPA parameters and their 

corresponding sensory attributes for semi-solid foods. Meullenet et al. (1997) also found 

very low correlations between TPA parameters and their corresponding sensory attributes 

determined over twenty different food samples. 

Peleg (1983) and Moskowitz (1983) suggested that each particular food had 

specific inherent structure which led to different relationships between sensory response 

and mechanical parameters of different types of foods. Thus, the establishment of 

relationships between sensory and instrumental parameters is needed for each type of 
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food. He also suggested that each instrumental measurement's parameter provides 

objective information on the food's properties and it is possible to use these parameters to 

predict sensory characteristics of foods. However, different transformations (Meullenet et 

al., 1997) and multiple parameters (Izutsu and Wani, 1985) were suggested for use in 

developing predictive models for sensory properties. The use of psychophysical laws 

such as Fechner (S = ao + ai x log(I)) and Stevens (1957) (S = ao x (I)n) laws for 

determining relationships between sensory (S) and instrumental (I) texture parameters 

was reviewed by Brennen (1988) and Moskowitz (1983). Meullenet et al. (1997) 

employed these psychophysics models to aid the modeling of sensory attributes using 

TPA parameters. They found that use of these psychophysical models improved the 

prediction of some of the sensory attributes. The use of multiple instrumental parameters 

in the model was also found to improve the prediction of most of sensory attributes 

(Henry et al., 1971; Meullenet et al., 1997). 

For Asian wheat noodles, first-chew characteristics (hardness, cohesiveness, 

springiness, denseness, starch between teeth, and toothpull) were found to be the textural 

characteristics that governed quality of these products (Janto et al., 1998, 1997) and 

discriminate products' textural differences (Pipatsattayanuwong et al., 1998). Asian 

wheat noodles could be classified into four styles according to their major ingredients, 

processing, and shape as: alkaline noodles, instant fried noodles, salted flat noodles, and 

salted round noodles (Pipatsattayanuwong, Chapter III). The optimum TPA conditions 

(the conditions which yielded results that best related to sensory data) for measuring 

different styles of Asian wheat noodles was also found to be different 

(Pipatsattayanuwong, Chapter III).   This implies that different styles of noodles possess 
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different underlying textural characteristics and may have different relationships between 

sensory and instrumental parameters. 

The objective of this study was to develop models for predicting each sensory 

first-chew characteristic of each style of Asian wheat noodles using instrumental TPA 

parameters. Different transformations and multiple parameters were also examined to aid 

the model development. 

Materials and Methods 

Samples 

Noodle samples were gathered from local Asian stores and were grouped into 4 

styles according to their major ingredients (NaCl salt or alkaline salt), processing, and 

shape (Pipatsattayanuwong, Chapter III). Table V.l shows the list the noodles samples 

used in each style including: 11 alkaline noodles; 11 instant-fried noodles; 15 salted flat 

noodles; and 13 salted round noodles. 

Sample Preparation 

An optimum cooking time for each noodle sample was predetermined according 

to the AACC method 16-50 (AACC, 1995). Each noodle sample was weighed to 100 g 

and cooked in 1 L of boiling bottled water (AquaCool®, Eugene, OR). The noodles 

were occasionally stirred during cooking. Once the optimum cooking time was reached, 

the noodles were drained and cooled in 15 0C water for approximately 10 s. The cooled 

noodles were divided into 9 Styrofoam bowls, for serving 9 panelists, with approximate 

weight of 15 g each.   Then, warm water (55 0C, ~ 150 ml) was added to the noodle 



Table V. 1. List of samples used in the modeling of sensory first-chew attributes using TPA parameters. 

Samp# Category Brand Manufacturer Cooking time (min) 
Al Alkaline Wan Hua 
A2 Alkaline Ikada 
A3 Alkaline Fortune 
A4 Alkaline Miura 
A5 Alkaline Rose 
A6 Alkaline Nanka Seimen 
A7 Alkaline - 
A8 Alkaline Green Dragon 
A9 Alkaline Golden Rose 
A10 Alkaline - 
All Alkaline Lucky 

11 Instant Fried Nissin 
12 Instant Fried Tappan 
13 Instant Fried Hosouchi Meijin Shio 
14 Instant Fried Indo Mie 
15 Instant Fried Ve Wong 
16 Instant Fried Myojo 
17 Instant Fried Yum Yum 
18 Instant Fried Maruchan (wide type) 
19 Instant Fried Korean Neoguri 

110 Instant Fried Ichiban 
111 Instant Fried WuMu 

Wan Hua Foods Inc., Seattle, WA 
Ikada Food Products Co., Salem, OR 
JSL Foods Inc., Los Angeles, CA 
Anzen Pacific Corp., Portland, OR (Dist.) 
Tsue Chong Co., Seattle, WA 
Nanka Seimen Co., Los Angeles, CA (Pack.) 
Noodle House Ind., Co., Ltd., Hong Kong 
On Lee Noodle Factory, Hong Kong 
AAA Noodle Product Manufactory Ltd., Hong Kong 
Lee Hop Hing, Hong Kong 
Lucky K.T. Co., Inc., El Monte, CA. 
Nissin Foods, Gardena, CA 
Myojo Foods Co. (S) PTE. Ltd., Singapore 
House Foods Co., Osaka, Japan 
PT Indofood Sukses Mekmur, Jarkarta, Indonesia 
Ve Wpmg Corp., Taipei, Taiwan (Pack.) 
President Myojo Foods Co. Ltd., Bangkok, Thailand 
Wan Thai Foods Industry Co., Ltd., Bangkok, Thailand 
Anzen Pacific Corp., Portland, OR (Dist.) 
Nong Shim Co., Ltd., Seoul, Korea 
Sanyo Foods Corp. of America, Garden Grove, CA 
Sing-Lin Foods Corp., Taipei, Taiwan  

2 
2.5 
7.5 
6 
8 

6.5 
4 
5 
4 
4 

2.5 
3 

4.5 
3 
3 
3 
3 
3 
5 
5 
5 
5 

ON 



Table V. 1 (Continued). List of samples used in the modeling of sensory first-chew attributes using TPA parameters. 

Samp# Category Brand Manufacturer Cooking time (min) 
SF1 Salted flat Ganso Kamogawa 
SF2 Salted flat Banshu 
SF3 Salted flat Joshu Teburi 
SF4 Salted flat Nanka Seimen 
SF5 Salted flat - 
SF6 Salted flat Nanka Seimen 
SF7 Salted flat Crown 
SF8 Salted flat Nagoya 
SF9 Salted flat Iron-man 
SF10 Salted flat Quon-Yick 
SF11 Salted flat Shinshu 
SF12 Salted flat Kajino 
SF13 Salted flat Nanka Seimen 
SF14 Salted flat Itsuki (Wu Mu) 
SF15 Salted flat Misuya 
SRI Salted round Ibonoito 
SR2 Salted round Tomoshigara (Wu Mu) 
SR3 Salted round Marutsune (JAS) 
SR4 Salted round Shirakiku 
SR5 Salted round Miwa 
SR6 Salted round Sun Light 
SR7 Salted round Phil Supreme 
SR8 Salted round WuMu 
SR9 Salted round Furusato 

SR10 Salted round Banshu (Tomoshigara) 
SR11 Salted round Nishirei 
SR12 Salted round Myojo 
SRI 3 Salted round Hime Nama 

Crown Trading Co., Ltd., Kobe, Japan (Dist.) 
JFC International Inc., San Francisco, CA (Dist.) 
Anzen Pacific Corp., Portland, OR (Dist.) 
Nanka Seimen Co., Los Angeles, CA (Pack.) 
Hosoda Bros. Inc., San Francisco, CA (Dist.) 
Nanka Seimen Co., Los Angeles, CA (Pack.) 
Anzen Pacific Corp., Portland, OR (Dist.) 
Anzen Pacific Corp., Portland, OR (Dist.) 
Sino-American Great Wall Food Industrial Co., Ltd., Taipei, Taiwan 
Quon Yick Noodle Co., Los Angeles, CA 
JFC International Inc., San Francisco, CA (Dist.) 
Anzen Pacific Corp., Portland, OR (Dist.) 
Nanka Seimen Co., Los Angeles, CA (Pack.) 
JFC International Inc., San Francisco, CA (Dist.) 
Crown Trading Co., Ltd., Kobe, Japan (Dist.) 
Crown Trading Co., Ltd., Kobe, Japan (Dist.) 
Sing-Lin Foods Corporation, Taoyuan, Taiwan 
Crown Trading Co., Ltd., Kobe, Japan (Dist.) 
Toa Food Ind. Co. Ltd., Hyogo, Japan 
Hosoda Bros. Inc., San Francisco, CA (Dist.) 
Sun Light Foods Corp., Taipei, Taiwan 
Fitright Inc., Manila, Philippines 
JFC International Inc., San Francisco, CA (Dist.) 
Hosoda Bros. Inc., San Francisco, CA (Dist.) 
Hosoda Bros. Inc., San Francisco, CA (Dist.) 
Nichirei Foods America, Seattle, WA 
JFC International Inc., San Francisco, CA (Dist.) 
JFC International Inc., San Francisco, CA (Dist.)  

10 
9.5 
5 

9.5 
9 

9.5 
9.5 
9.5 
5.5 
5.5 
7 
5 
5 

6.5 
4 
3 
3 
3 
3 
3 

3.5 
3 
12 
9.5 
10.5 
5.5 
3 
3 
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bowls to allow complete submersion of the noodles. Although the instrumental 

measurements were conducted at separate times, the sample preparations were done in 

the same manner for both tests. The samples were served to the panelists right after 

warm water was added and the sensory evaluations of each sample were completed 

within 5 min. Similarly, the instrumental measurements for each sample were done within 

5 min after warm water was added to the noodles. 

Sensory Evaluation 

The descriptive panel (8 females and 1 male) was trained to evaluate Asian wheat 

noodle texture with noodle standards for over 60 hrs (Pipatsattayanuwong et al., 1998) 

and had more than 50 hrs of experience in evaluating noodle texture. The noodle lexicon 

comprised 17 attributes, which included surface, first-chew, chew-down, and residual 

attributes (Pipatsattayanuwong et al., 1998). The panelists evaluated all 17 attributes for 

each sample using a 16-point intensity scale (0 = none, 15 = extreme). The samples were 

served monadically. However, only 6 attributes in first-chew stage were used in this 

study since the evaluation technique of the instrumental TPA test imitated that used for 

assessing sensory first-chew characteristics. The descriptors, definitions and techniques 

of evaluation of sensory first-chew characteristics are shown in Table V.2. The 

evaluation was done in individual booths and data were collected using computers 

(Compusense® V. 5, Compusense Inc., Ontario, Canada). Four samples were evaluated 

in each testing session and two sessions were conducted on each testing day with a 10 

min break between sessions. All samples were evaluated in 2 replications and were 

randomly assigned to the testing sessions. 



Table V.2. First-chew descriptors, technique of evaluation and their definition. 

Technique of evaluation Descriptors Definitions 

Place 2-3 noodles between Hardness 
molars, and chew 1-3 times. 
Chew a fresh spot for each chew   Cohesiveness 
when evaluating each attribute. 

Springiness 

The force to chew through the mass of the noodle 

The amount the sample deforms rather than ruptures 

The amount the noodle returns to its original shape and 
feels resilient during chewing 

Denseness The compactness of the cross-section 

Starch between teeth   The sensation of starch or piece of noodle between teeth 
that must be ground between molars at end of each chew 

Toothpull Force to pull molars apart and out of the noodle mass 
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Instrumental Measurements 

Texture Profile Analysis (TPA) was conducted on cooked noodles using Texture 

Analyzer TA.XT2 (Texture Technologies Corp., Scarsdale, NY) equipped with a 25-kg 

load cell, a 5-mm flat Plexiglas probe, and a 20-mm slot Plexiglas base, as displayed in 

Pipatsattayanuwong et al. (Chapter III). The data was collected using the XT.RA 

Dimension version 3.7H computer program (Stable Micro Systems, Surrey, UK). 

The TPA test was conducted using optimum crosshead speeds and degrees of 

deformation as suggested by Pipatsattaynuwong et al. (Chapter III). A crosshead speed 

of 1 mm/s and degree of deformation of 85 % was used for evaluation of alkaline noodle, 

and the same crosshead speed and degree of deformation of 70 % was used for evaluation 

of instant fried, and salted round noodles. A crosshead speed of 5 mm/s and degree of 

deformation of 65 % was used for evaluating salted flat noodles. The test was done by 

placing the cooked noodle strands on the Plexiglas slot to fill the slot's width with one 

layer of noodle strands. The number of noodle strands required to fill up the slot width 

was between 2-12 strands, depending on the size of the noodles. 

The data collected from the TPA test were primary curve parameters (peak areas 

and peak heights) and secondary parameters (springiness, cohesiveness, gumminess, and 

chewiness). The primary parameters and the calculations of secondary parameters are 

shown in Figure V. 1. The secondary parameters and two of the primary parameters 

(peak height 1 = hardness, and area 3 = adhesiveness) were suggested by the TPA 

method to represent the corresponding sensory attributes (Bourne, 1978; Friedman et al., 

1963). Two replications (cooking batches) of noodle samples were tested and 3 

measurements were done on each replication, using fresh noodle strands for each 



Figure V. 1. Force-time curve output produced by instrumental TPA and interpretations. 

Force PI P2 

Time 

Primary parame ters 
Pl.= Peak height 1 = TPA hardness 
Al = Area 1 
P2 = Peak height 2 
A2 = Area 2 
A3 = Area 3 = TPA adhesiveness 

Secondary parameters 
TPA springiness = d2/dl 
TPA cohesiveness = A2/A1 
TPA gumminess = PI x (A2/A1) 
TPA chewiness = PI x (A2/A1) x (d2/dl) 

(Friedman et al., 1963). 
u> 
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measurement.    The testing orders were completely randomized across samples and 

replications. 

Statistical Analysis 

The mean of each sample (averaged over panelists and replications for sensory 

data or averaged over measurements and replications for instrumental data) was 

calculated and used in the correlation and regression analysis. Data from each noodle 

style were analyzed separately. Pearson's correlation was performed among sensory 

descriptive attributes and between the sensory descriptive attributes and instrumental 

parameters. The correlation coefficients between sensory and instrumental parameters 

were determined on original data and natural log transformed data to examine types of 

relationships between sensory and instrumental parameters (linear: Y = aX; Fechner: Y = 

aLogX; Stevens: LogY = aLogX). Three regression analyses were done to model each 

sensory attribute using TPA parameters: 

I. The TPA parameter, which was suggested by Friedman et al. (1963) and 

Bourne (1978) to represent each sensory attribute, was related to the corresponding 

sensory response using simple linear regression. The suggested TPA parameters were 

peak height 1, area2/areal, and d2/dl as corresponded to sensory hardness, cohesiveness, 

and springiness, respectively (Figure V.l). Area 3, which corresponds to adhesiveness, 

was also examined for its relationship with sensory toothpull. 

II. A simple linear regression of each sensory attribute was performed on the TPA 

parameter which was found to correlate the best with the corresponding sensory attribute, 

as examined by Pearson correlation.  The sensory attributes and instrumental parameters 
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could be either on the original scale or on natural logarithmic scale. If the correlation 

coefficients of different model types were similar, the simpler model was selected 

(simplicity : linear > Fechner > Stevens). 

III. A stepwise regression (with a level of significance at 0.15 for selecting 

parameters to be in the model) was used to select a set of TPA parameters that best 

explained each sensory attribute. The selected TPA parameters were used to model the 

corresponding sensory attributes using multiple linear regression technique. Three types 

of models were examined, linear (S = a© + aj), Fechner (S = ao + ai*Log(I)), and Stevens 

(Y = ao*F). The model with highest R2 was selected as the best predictive model with 

multiple parameters for each sensory attribute. 

All statistical analyses were performed using SAS statistical software (SAS 

Institute, Gary, NY). 

Results and Discussions 

Correlations 

Within Sensory Parameters 

Most sensory first-chew characteristics of all noodle styles were found to be 

highly correlated (Table V.3). The correlation coefficients among hardness, 

cohesiveness, denseness, starch between teeth, and toothpull were above 0.80 for 

alkaline, salted flat, and salted round noodles. Instant fried noodles had the lowest 

correlations among these 5 attributes, comparing with other noodle styles.   Springiness 



134 

Table V.3. Pearson correlation coefficients among sensory first-chew attributes. 

Noodle type Hard Cohesive Spring Dense Starch 
Alkaline 

Hard 
Cohesive 

1.00 
0.85** 1.00 

Spring 
Dense 

0.78* 
0.96*** 

0.85** 
0.96*** 

1.00 
0.83** 1.00 

Starch 0.87** 0.99*** 0.82** 0.97*** 1.00 
Tooth 0.87** 0.98*** 0.80** 0.96*** 0.99*** 

Instant fried 
Hard 
Cohesive 

1.00 
0.39 1.00 

Spring 
Dense 

0.65* 
0.89*** 

0.84** 
0.70* 

1.00 
0.87** 1.00 

Starch 0.60 0.91*** 0.85** 0.87** 1.00 
Tooth 0.57 0.92*** 0.85** 0.85** 0.98*** 

Saltedflat 
Hard 
Cohesive 

1.00 
0.81*** 1.00 

Spring 
Dense 

0.44 
0.96*** 

0.63* 
0.92*** 

1.00 
0.53* 1.00 

Starch 0.87*** 0.88*** 0.41 0.93*** 1.00 
Tooth 0.83*** 0.95*** 0.51 0.92*** 0.96*** 

Salted round 
Hard 
Cohesive 

1.00 
0.84*** 1.00 

Spring 
Dense 

0.72** 
0.94*** 

0.83*** 
0.95*** 

1.00 
0.78** 1.00 

Starch 0.84*** 0.95*** 0.71** 0.97*** 1.00 
Tooth 0.84*** 0.97*** 0.75** 0.97*** 0.99*** 

*   **   ### significant at P < 0.05, P < 0.01, andP < 0.001 
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was the attribute which had the lowest correlations with other attributes for all noodle 

styles. 

Between Sensory and Instrumental Parameters 

Table V.4 contains coefficients of correlation between sensory and instrumental 

parameters. Only significant correlations between sensory and instrumental parameters 

on both original and log scales are presented in the table. Area 1 and area 2 were found 

to be highly correlated to all sensory first-chew attributes of all noodle styles. The TPA 

parameter with the highest correlation with each sensory attributes was selected (in a box, 

Table V.4-7) as the best single predictor and its regression model was determined in the 

next section. Different types of relationships were found to best represent sensory and 

instrumental relationships for different noodle types. The best correlation coefficients of 

each sensory attribute with instrumenatal parameter suggested that Stevens model was 

the best fitting model for alkaline noodles (Table V.4), Fechner model was the best fitting 

model for instant fried noodle (Table V.5), and Linear model was the best fitting model 

for salted flat and salted round noodles (Table V.6 and V.7, respectively). However, 

Stevens model was found to be the best model for relating sensory springiness to 

instrumental parameter for all noodle styles. These suggestions on model types were 

further developed using simple linear regression an reported as the best single predictor 

models in the next section. 



Table V.4. Alkaline noodles: Pearson correlation coefficients of sensory first-chew attributes and TPA parameters on 
original and natural log scales. 

TPA parameters Sensory parameters 

Hard Cohesive Springy Dense Starch Toothpull  L(hard)8 L(cohesive)a L(springy)3 L(dense)a L(starch)3 L(toothpull)8 

2]0.67* 
0.67* 

0.67* 

0.67* 

0.83** 

0.69* 

0.67* 
0.70* 

0.85** 

0.80** 
0.74* 

0.80* 

0.71* 

0.67* 

0.67* 

0.88** 
0.82** 

0.67*         0.88** 

0.78* 

0.67* 
0.69* 

0.68* 

0.83** 

0.70* 

0.70* 
0.72* 
0.67* 

0.80** 
0.75* 

Area 1 0.88** 0.68*        0.70* 
Area 2 
Area 3 
Peak 1 
Peak 2 
TPA spring 
TPA cohesive 
TPA gummy 
TPA chewy 

0.80** 

0.86** 

0.75* 

L(area l)a 0.81** 0.68*        0.71* 

L(area 2)a 0.69* 0.86** 0.73* 

L(area 3)a 

L(peak l)a 

L(peak 2)a 0.70* 0.71* 

L(TPA spring)3 

L(TPA cohesive)8 0.70* 0.72* 

L(TPA gummy)8 0.72* 0.74* 

L(TPA chewy)3 0.69* 0.71* 

a natural log of the parameter 
*, **, *** significant at P < 0.05, P < 0.01, and P < 0.001 

I        I highest correlation for each sensory attribute 

ON 



Table V.5. Instant fried noodles: Pearson correlation coefficients of sensory first-chew attributes and TPA parameters on 
original and natural log scales. 

TPA parameters Sensory parameters 

Hard Cohesive Springy   Dense Starch Toothpull L(hard)8 L(cohesive)a  L(springy)a L(dense)a L(starch)a L(toothpull)a 

Area 1 0.66* 0.66* 0.64* 0.66* 0.61* 0.61* 0.64* 0.65* 
Area 2 0.84** 0.78** 0.61* 0.61* 0.82** 0.61* 0.76** 0.63* 0.62* 
Area 3 
Peakl 
Peak 2 0.61* 
TPA spring 
TPA cohesive 
TPA gummy 0.70* 0.67* 
TPA chewy 

0.68* 0.63* 

0.88*** 

0.67* 

0.84** 

0.71* 

0.67* 

L(area l)a 0.60* 0.71* 0.71* 0.72* 0.71* 

L(area 2)a 0.88*** 0.67* 0.84** 0.64* 0.63* 0.70* 0.64* 

L(area 3)a 

L(peak l)a 

L(peak 2)a 0.63* 

L(TPA spring)3 

L(TPA cohesive)8 

L(TPA gummy)3 0.74** 0.72* 

L(TPA chewy)8 

a natural log of the parameter 
*, **, *** significant at P < 0.05, P < 0.01, and P < 0.001 
I        I highest correlation for each sensory attribute 



Table V.6.  Salted flat noodles: Pearson correlation coefficients of sensory first-chew attributes and TPA parameters on 
original and natural log scales. 

TPA parameters Sensory parameters 

Hard Cohesive Springy Dense Starch Toothpull L(hard)a L(cohesive)a L(springy)a L(dense)8 L(starch)a L(toothpull)a 

Area 1 0.84*** 0.52* 0.76** 0.74** 0.65** 0.83*** 
]0.92*** 

0.72** 

0.60* 
0.74** 
0.83*** 

0.59* 

0.73** 
0.76** 

0.52* 

0.6374* 
Area 2 |0.92*** 0.62* |0.85*** 0.77*** 0.70** 0.6961** 
Area 3 
Peak 1 0.73** 0.61* 0.54* 
Peak 2 0.79*** 0.67** 0.57* 0.78*** 0.65** 0.55* 
TPA spring 
TPA cohesive 
TPA gummy 
TPA chewy 

0.81*** 
0.78*** 

0.71** 
0.68** 

0.54* 0.81*** 
0.79*** 

0.69** 
0.66** 

0.52* 

L(area l)a 0.81*** 0.73** 0.70** 0.59* 0.81*** 0.72** 0.69** 0.5890* 

L(area 2)a 0.88*** 0.80*** 0.70** 0.63* 0.89*** 0.54* 0.79*** 0.69** 0.6261* 

L(area 3)a 

L(peak l)8 0.68** 0.55* 0.68** 0.53* 

L(peak 2)a 0.72* 0.59* 0.73** 0.56* 

L(TPA spring)3 

0.73** 

0.61* 

0.60* 0.74** 0.58* 

L(TPA cohesive)8 0.62* 

L(TPA gummy)3 

L(TPA chewy)8 0.69** 0.70** 

a natural log of the parameter 
*, **, *** significant at P <0.05,P < 0.01, and P < 0.001 

I        I highest correlation for each sensory attribute 

00 



Table V.7. Salted round noodles: Pearson correlation coefficients of sensory first-chew attributes and TPA parameters on 

original and natural log scales. 

TPA parameters 

Area 1 

Sensory parameters 
Hard        Cohesive Springy   Dense      Starch      Toothpull  L(hard)a   L(cohesive)a  L(springy)a L(dense)a L(starch)a Lfloothpull)" 

0.93***    0.82**     0.59*      |0.93*** |0.92***   |0.90***     0.94***    0.85*** 
Area 2 0.97* 0.86*** 0.76** 
Area 3 -0.82** -0.72** 
Peak 1 
Peak 2 
TPA spring -0.88*** -0.66* 
TPA cohesive 
TPA gummy 
TPA chewy 

L(area l)a 0.90*** 0.81** 0.65* 

L(area 2)a 0.88*** 0.79** 0.76** 

L(area 3)a 0.68* 0.68* 

L(peak l)a 

L(peak 2)a 

L(TPA spring)3 -0.89*** -0.66* 

L(TPA cohesive)3 

L(TPA gummy)3 

L(TPA chewy)8 

0.93***   0.86***    0.87***     0.97***    0.87*** 
-0.79**    -0.79**     -0.79**      -0.78**     -0.74* 

-0.80**    -0.75*       -0.72**      -0.85***   -0.70* 

0 92***   0 90***    0 89***     0.93***    0 84*** 

0.87***   0.80**      0.82**       0.92***    0.80** 
0.72**     0.75**       0.76**        0.67* 0.71** 

-0.80**    -0.75**     -0.72**      -0.85***   -0.70* 

0.67* 
0.82** 

0.73** 

0.84*** 

0,93*** 0 91*** 0 91*** 
0.92*** 0.85*** 0.87*** 
-0.77**     -0.77**     -0.78** 

-0.78**     -0.74**     -0.72** 

-0.78* -0.74* 

093*** 0 90*** 0 91*** 

0.88*** 0.79** 0.83*** 
0.71**      0.77**      0.77** 

-0.72" 

natural log of the parameter 

, **, *** significant at P < 0.05, P < 0.01, and P < 0.001 

I highest correlation for each sensory attribute 
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Predictive Models 

Hardness 

The TPA suggested parameter (Friedman et al., 1963; Bourne, 1978) for 

predicting hardness, peak height 1, was not a good predictive parameter for hardness of 

all 4 types of noodles, as indicated by low degrees of determination (R2=0.05 to 0.53) 

(Table V.8). Low correlations between peak height 1 and hardness or firmness were also 

observed in chum salmon (Reid and Durance, 1992), beef loaves (Brandy et al., 1985), 

bread (Brandy and Mayer, 1985), and semisolid foods (Henry et al., 1971). However, 

higher correlations of sensory hardness and peak height 1 were found for cooked 

potatoes (r = 0.85, Leung et al., 1983), and cooked starch noodles (r = 0.91, Kim et al., 

1996). Meullenet et al. (1997) examined the relationship between sensory hardness and 

TPA peak height 1 on a wide range of foods (i.e., almond, cheese, marshmallow, and 

bread) using different model types. They found R2 values of 0.57, 0.90, and 0.85 for 

linear, Fechner, and Stevens models, respectively. The different goodness of fit found in 

different types of foods confirmed Peleg's suggestion that diflferent foods may exhibit 

different relationships between sensory and instrumental parameters. The low R2 values 

of sensory hardness and peak height 1 for wheat noodles observed in this study suggested 

the inappropriateness of using this parameter for predicting sensory hardness of this 

product. 

The TPA parameter with the highest correlation with sensory hardness was used 

in the regression as the best single predictor. Peak areas were found to be the best 

predictors for sensory hardness for all noodle styles.   Area 1 was the best predictor for 



Table V.8. Models and R s for predicting hardness of all noodle types. 

Noodle type      TPA suggested parameter Best single predictor Best model with multiple parameters 

R'      Model IT      Model Rz     Model 
Alkaline 0.36   H=-0.56 + 0.0018*Pl 

Instant fried      0.21    H = 4.04 + 0.0008*P1 

Salted flat        0.53   H = 1.22 + 0.0025*P1 

Salted round    0.05   H = 2.91+0.0017*P1 

0.83    H=1.20 + 0.0020*(A1) 0.83   H= 1.20 + 0.0020*(A1) 

0.78    H =-12.65 + 2.8584*Log(A2)   0.89   H = 0.17*(A2)05230*(d2/dl)'0 

0.85    H = 0.98 + 0.0219*A2 

0.93    H = 0.62 + 0.0080*A2 

0.97   H= 11.14+ 0.0065*(A2) - 0.0007*(P1) 

- 9.9986*(d2/dl) 

0.97   H = 1.95 + 0.0070*(A2) - 0.0075*(Chew) 

 + 0.0055*(Gum)  

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2, A3 = peak area 3, 
Gum = TPA gumminess = PI x (d2/dl) 

Chew = TPA chewiness = PI x (d2/dl) x (A2/A1) 
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sensory hardness of alkaline noodles (R2 = 0.83), with a linear model as the best fit. Area 

2 was the best predictor for sensory hardness for instant fried, salted flat, and salted 

round noodles with R2 = 0.78, 0.85, and 0.93, respectively. The sensory hardness of 

salted flat and salted round noodles was best predicted by linear models, however, the 

sensory hardness of instant fried noodles was best predicted by a logarithmic model 

(Fechner model). Sensory hardness could be satisfactorily predicted using a single TPA 

parameter, which was area 1 for alkaline noodles, and area 2 for other types of noodles. 

It is possible that area 1 was a better predictor than area 2 for alkaline noodles because a 

higher degree of deformation (85 % versus 70 % and 65 %) was used. This larger degree 

of deformation caused more destruction to the noodle texture on the first compression 

than those compressed with lower degrees of deformation. Therefore, the noodle's 

hardness could be better measured from the first compression than from the second 

compression. 

A stepwise regression technique was used to examine a multiple linear regression 

model for predicting sensory hardness of each type of wheat noodles. All 3 types of 

models (linear, Fechner, and Stevens) were examined and the model which had the best 

prediction quality (highest R2) was selected as the best model with multiple parameters. 

The stepwise regression technique selected only one parameter (area 1) for predicting 

sensory hardness of alkaline noodles (Table V.8). However, multiple parameters were 

selected as models for predicting sensory hardness of instant fried, salted flat, and salted 

round noodles with improved R2 values. The power model (Stevens model) with two 

parameters, area 2 and d2/dl, was selected as the best model to predict sensory hardness 

of instant fried noodles with R2 = 0.89.  The linear model was selected to yield the best 
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predictive model with multiple parameters for both salted flat (R =0.97) and salted round 

noodles (R2 = 0.97), however, with different selected parameters. The parameters in the 

model for predicting sensory hardness of salted flat noodles were area 2, peak height 1, 

and d2/dl. The parameters for predicting sensory hardness of salted round noodles were 

area 2, (PI x d2/dl x A2/A1), and (PI x A2/A1). 

Cohesiveness 

The TPA parameter that referred to cohesiveness, ratio of area 2 to area 1 

(A2/A1) (Friedman et al., 1963; Borne, 1978), was not a good predictor for sensory 

cohesiveness of all types of noodles (Table V.9). The R2 values were in the range of 0 to 

0.07, which indicated that there was no relationship between sensory cohesiveness and 

A2/A1 for wheat noodles. This was in agreement with the results observed in Chinese 

steamed bread (R2 = 0.099: Huang et al., 1995) and in a set of 20 different foods 

(Meullenet et al., 1997). Meullenet et al. (1997) found R2 values of 0.03, 0.06, and 0.02 

with the B.I.T.E. master test, and R2 values of 0.09, 0.11, and 0.00 with the Instron test, 

for linear, Fechner, and Stevens models, respectively. However, higher correlations of 

these parameters were found in bread (R2 = 0.49: Brady and Mayer, 1985) and beef 

loaves (R2 = 0.47: Brady et al., 1985). 

The single TPA parameter which best correlated with sensory cohesiveness was 

used in a simple linear regression for each type of noodle. Peak areas were found to be 

the best predictor for cohesiveness of wheat noodles. Area 1 was found as the best single 

predictor for cohesiveness of instant fried noodles, while area 2 was found as the best 

single predictor for cohesiveness of other noodle styles (Table V.9).  A linear model was 



Table V.9. Models and R2s for predicting cohesiveness of all noodle types. 

Noodle type     TPA suggested parameter Best single predictor Best model with multiple parameters  
 R2      Model R2      Model R2     Model  

Alkaline 0.07    C = 3.21 + 5.4044(A2/A1)   0.48    C = 0.16*(A2)05170 0.94   C = 82.02*(A2)08085*(A3)01398*(P1)"I0',29 

Instant fried     0.04    C = 8.83 -4.5115*(A2/A1) 0.36    C =-23.92 + 4.3727 Log(Al)    0.75   C = 23.89 + 16.6677*Log(Al) - 17.0858*Log(Pl 
+ 16.4683*Log(d2/dl) 

Salted flat        0.04   C= 1.92 + 8.8718(A2/A1)   0.39    C = 3.56+ 0.0144*A2 0.86   C = 36.2957 + 13.9383*Log(A2) 
- 13.9951*Log(Pl) + 0.9717*Log(A3) 

Salted round    0.00   Not reported                         0.74    C= 1.15+0.0089+A2               0.98   C=-1.5793+0.0123*(A2)-0.0037*(P1) 

 + 7.9698*(d2/dl)  

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2, A3 = peak area 3 

4*. 
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best to fit sensory cohesiveness with area 2 for salted flat and salted round noodles with 

R2 values of 0.39 and 0.74, respectively (Table V.9). The Fechner and Stevens models 

were used for modeling cohesiveness of instant fried noodles (R2 = 0.36) and alkaline 

noodles (R2 = 0.48), respectively. Although the R2 values could be improved by using 

TPA areas as a predictor, most of them were still low, which indicated that these models 

were not satisfactory models for predicting sensory cohesiveness of wheat noodles. 

Multiple regression models, selected by stepwise regression technique, greatly 

improved the R2 values of the predictive models (Table V.9). A Stevens model with 

multiple parameters of area 2, area 3, and peak height 1 was selected as the best 

predictive model for cohesiveness of alkaline noodles with R2 of 0.94. Fechner models 

with multiple parameters were the best predictive models for cohesiveness of instant fried 

noodles (with area 1, peak height 1, and d2/dl) and salted flat noodles (with area 2, peak 

1, and area 3), with R2 values of 0.75 and 0.86, respectively. For salted round noodles, a 

linear model with parameters area 2, peak height 1, and d2/dl was the best predictive 

model for their cohesiveness (R2 = 0.98). 

Springiness 

The TPA suggested parameter for springiness is the ratio of duration of sample 

during the second compression to that during the first compression (d2/dl) (Friedman et 

al., 1963; Bourne, 1978). This parameter was found to have no relationship with sensory 

springiness of all 4 noodle styles, as indicated by low R2 values of 0.00 to 0.15 (Table 

V.10). Low correlations of sensory springiness and d2/dl were also observed in beef 

loaves (Brady et al., 1985) and bread (Brady and Mayer, 1985).   This TPA parameter. 



Table V. 10. Models and R2s for predicting springness of all noodle types. 

Noodle type     TPA suggested parameter Best single predictor Best model with multiple parameters  

 R2       Model R2        Model R2        Model  

Alkaline 0.05     S = 13.28 - 8.8936*(d2/dl)       0.74     S = 0.38*(A2)03997 0.93      S = 6.19+ 0.0043*(A2)-0.0090*(A3) 
-0.0013*(P1) 

Instant fried     0.04     S = 9.67 - 3.2287*(d2/dl) 0.48      S = 0.40*(A2)04457 0.70      S = 3.17*(A2)"2',6*(Gum)"09004 

Salted flat       0.00     Not reported 0.38     S = 2.33*(A2/A1)135      0.70      S = 4.56 + 12.3320*Log(A2/Al) 
+ 1.0390*Log(A2) - 12.8308*Log(d2/dl) 

Salted round    0.15     S = 14.39 - 10.8003*(d2/dl)     0.71      S = 0.28*(A2)M636          0.89      S = 5.5773 +0.0125*(A2) -0.0022*(P1) 
 - 0.0036*(A1)  

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2, A3 = peak area 3 

Gum = TPA gumminess = PI x (d2/dl) 
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however, had a better relatioship (higher R2 values) with sensory springiness when a large 

range of samples was used for modeling (Meullenet et al., 1997). They found R2 values 

of 0.69, 0.56, and 0.75 for linear, Fechner, and Stevens models, respectively. 

The R2s and models of the best single predictor for sensory springiness of each 

noodle type are shown in Table V.10. Interestingly, the Stevens model was selected as 

the best model for using a single predictor for predicting sensory springiness of all noodle 

styles, although the quality of fits are different. Area 2 was the best predictor for alkaline, 

instant fried, and salted round noodles with R2 values of 0.74, 0.48, and 0.71, 

respectively. The ratio of area 2 to area 1 (A2/A1) was the best predictor for salted flat 

noodles with R2 = 0.38. Area 2 may be used as a single predictor for springiness of 

alkaline and salted round noodles with moderate predicting quality. However, with R2 of 

0.48 and 0.38, a single predictor did not yield satisfactory models for predicting sensory 

springiness of instant fried and salted flat noodles. 

Stepwise regression technique selected the models with satisfactory predicting 

quality to predict sensory springiness of alkaline (R2 = 0.93) and salted round noodles (R2 

= 0.89), and models with moderate predicting quality for instant fried (R2 = 0.70) and 

salted flat noodles (R2 = 0.70) (Table V.10). Linear models were selected as the best 

models for predicting sensory springiness of alkaline noodles (with area 2, area 3, and 

peak height 1) and salted round noodles (with area 1, peak height 1, and area 2). A 

Fechner model with parameters A2/A1, area 2, and d2/dl was the best model for 

predicting sensory springiness of salted flat noodles and a Stevens model with parameters 

area 2 and (PI x A2/A1) was the best model to predict sensory springiness of instant fried 

noodles. 
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Denseness 

Since the TPA method does not suggest a parameter for estimating denseness, 

only the best models for predicting sensory denseness of each noodle style using a single 

predictor and multiple parameters were examined (Table V.ll). Peak areas were found 

as the best single predictors for sensory denseness of all noodle styles. Area 1 was the 

best single predictor for sensory denseness of alkaline noodles with Stevens model (R2 = 

0.66) and for sensory denseness of salted round noodles with linear model (R2 = 0.87). 

Area 2 was the best single predictor in a Fechner model for predicting sensory denseness 

of instant fried noodles (R2 = 0.70), and in a linear model for predicting the denseness of 

salted flat noodles (R2 = 0.72). Although the relationships between sensory denseness 

and TPA parameters have not been examined, those between denseness and other types 

of instrumental test were explored. Hamann and Webb (1979) found very low 

coefficients of determination between sensory denseness and parameters obtained from 

uniaxial compression and shear/compression tests of fish gels. However, moderate 

correlation coefficients of sensory denseness and failure shear stress in Torsion (r = 0.67) 

and in compression (r = 0.67) were found for melon flesh by Diehl and Hamann (1979). 

They also found that denseness of apple flesh was significantly correlated to failure shear 

stress in Torsion (r = 0.85), shear modulus (r = 0.86), and uniaxial compression modulus 

(r = 0.88). 

When multiple parameters were used in the regression for predicting sensory 

denseness, R2s were higher than 0.90 for all noodle styles (Table7). Linear models with 

parameters area 1, peak height 1, and peak height 2, and with parameters areal, peak 

height 1, and area 2, were the best models for predicting denseness of alkaline and salted 



Table V. 11. Models and R2s for predicting denseness of all noodle types. 

Noodle type     Best single predictor Best model with multiple parameters  

 R2       Model R2       Model  

Alkaline 0.66     D = 0.04*(A1)06624 0.91     D = 5.41 +0.0026*(A1) -0.0029*(P1) + 0.0018*(P2) 

Instant fried     0.70     D =-15.38+ 3.3910*Log(A2)   0.92     D = 1.44*(A2)13586*(Gumyl 0136 

Salted flat        0.72     D = 2.66 + 0.0181+A2 0.91      D = 12.64 + 11.3527*Log(A2) - 8.9830*Log(Pl) 
+ 0.656 l*Log(A3) 

Salted round   0.87     D = 0.65 + 0.0047*A1 0.99     D = 3.46 + 0.0016*(A1) - 0.0023*(P1) + 0.0014*(A2) 

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2, A3 =peak area 3 

Gum = TPA gumminess = PI x (d2/dl) 
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round noodles, respectively. A Fechner model with parameters area 2, peak height 1, and 

area 3 was the best model for predicting denseness of salted flat noodles and a Stevens 

model with parameters area 2 and (PI x A2/A1) was the best model for instant fried 

noodles. 

Starch between teeth 

Starch between teeth is a new sensory texture attribute which was first found in 

evaluating noodle texture (Pipatsattayanuwong et al., 1998). Table V.12 shows R2s and 

the best models with single and multiple parameters for predicting starch between teeth of 

all noodle styles. Area 1 was the parameter that best predicted sensory starch between 

teeth of alkaline (R2 = 0.46), instant fried (R2 = 0.50), and salted round noodles (R2 = 

0.84). Area 2 best related to starch between teeth of salted flat noodles (R2 = 0.59). 

The use of multiple TPA parameters in the regression models yielded satisfactory 

predictive models of this attribute for all noodle styles. However, R2s and model types 

were different according to noodle style. 

Toothpull 

Although the TPA area 3 has been used to represent adhesiveness (Friedman et 

al., 1963) and, by definition, could also be used to represent toothpull, it was found to 

have no relationships with toothpull for alkaline, instant fried, and salted flat noodles 

(Table V.13). A ratio of area 3 to area 1 (A3/A1), which was suggested by Huang et al. 

(1995) to relate well to stickiness of Chinese steamed bun, was also examined for their 

correlation with toothpull of noodles. It was found that A3/A1 did not correlate to 

toothpull of all noodle styles (r = 0.16-0.52). Truong and Walter (1994) also found that 



Table V. 12. Models and R2s for predicting starch between teeth of all noodle types. 

Noodle type     Best single predictor Best model with multiple parameters  
 R2       Model R2     Model  
Alkaline 0.46     SBT = 0.02*(A1)06923 0.90   SBT= 143.48*(A2)I05I2*(A3)0M00*(P2)"13544 

Instant fried      0.50     SBT = 0.04*(A1)07'"8 0.95   SBT = 15.20 + 14.76*Log(Al) - 14.36*Log(Pl) 

+ 10.2160*Log(d2/dl) 

Salted flat        0.59     SBT = 4.10+ 0.0135*A2    0.87   SBT = 7.73 + 0.0466*(A2) -0.0196*(Gum) + 0.0122*(Chew) 

Salted round     0.84     SBT =-0.21+0.0054*A1   0.98   SBT = 4.14 + 0.0036*(A1) -0.0032*(P1) + 0.0052*(A2) 

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2 
Gum = TPA gumminess = PI x (d2/dl) 
Chew = TPA chewiness = PI x (d2/dl) x (A2/A1) 



Table V. 13. Models and R s for predicting toothpull of all noodle types. 

Noodle type     TPA suggested parameter Best single predictor Best model with multiple parameters 
r Model R2     Model r      Model 

Alkaline 0.29     T = 4.36 + 0.0420*A3 0.51   T = 0.01*(A1) 0.7787 0.94    T = 5.55 + 4.3178*Log(Al) + 0.5799*Log(A3) 
+ 7.6437*Log(P2) - 11.6538*Log(Pl) 

Instant fried     0.18     T = 5.47 + 0.0394*A3 0.52   T = -24.16 + 4.3821*Log(Al)    0.94    T = 17.42 + 15.2995*Log(Al) - 15.0769*Log(Pl) 
+ 13.5700*Log(d2/dl) 

Salted flat        0.04     T = 7.01+0.0382*A3        0.49  T = 3.53 + 0.0137*A2 

Salted round    0.62     T = 2.97+ 0.3859*A3        0.84   T = 0.0052*(A1)09999 

0.90   T = 27.71 + 11.7704*Log(A2) - 11.3058*Log(Pl) 
+ 0.7775*Log(A3) 

0.97    T = 5.26 + 5.2089*Log(Al) - 4.6898*Log(Pl) 

+ 0.5444*Log(A3) + 2.2059*Log(A2/Al) 

PI = peak height 1, P2 = peak height 2, Al = peak area 1, A2 = peak area 2, A3 = peak area 3 
Gum = TPA gumminess = PI x (d2/dl) 
Chew = TPA chewiness = PI x (d2/dl) x (A2/A1) 
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sensory adhesiveness of sweetpotato puree was not correlated with TPA adhesiveness 

(area 3). 

The best predictors for toothpull of wheat noodles appeared to be area 1 for 

alkaline (R2 = 0.51), instant fried (R2 = 0.52), and salted round noodles (R2 = 0.49), and 

area 2 for salted flat noodles (R2 = 0.84), with different model types (Table V.13). 

The predictive models with multiple TPA parameters had satisfactory R2s for all 

noodle styles (R2 > 0.90). Area 3 was included with positive effects to the models in 

alkaline and both shapes of salted noodles. Fechner models were used for all noodle 

styles as the best predictive models (Table V. 13). 

Conclusion 

The sensory first-chew characteristics of Asian wheat noodles could be 

satisfactorily predicted by the instrumental TPA parameters. However, each type of 

noodle required different model types and TPA parameters to best predict each of their 

sensory attributes. Hardness was the only one sensory attribute that could be simply and 

satisfactorily predicted by the TPA parameter. However, other sensory attributes were 

more complex and the satisfactory prediction of these attributes using TPA parameters 

required more complicated models. Due to the complexity of the best predictive models, 

simplicity and predictability of the models may need to be compromised. If one wishes to 

use a simple model to refer to sensory first-chew characteristics of noodles, TPA area 2 is 

the best single TPA parameter to use for this purpose. However, TPA area 2 should be 

used with caution as it may have low predictive ability for some sensory attributes. 
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VI.      THESIS SUMMARY 

For any instrumental texture measurement of foods to be meaningful, it must 

ultimately relate to human perception. Instrumental Texture Profile Analysis (TPA) can 

be used as an effective tool to evaluate sensory characteristics of food products if its test 

protocol is standardized, and the relationship between its results and the sensory textural 

properties of the food are established. Since texture of most foods is greatly dependent 

on testing conditions, sample preparation methods and other factors that affect texture 

need to be identified and controlled to obtain meaningful measurements. 

The effects of various TPA testing factors were examined and crosshead speed 

and degree of deformation were found to significantly affect the test results when 

evaluating Asian wheat noodle texture. Using Response Surface Methodology, it was 

found that each noodle style (alkaline, instant fried, salted flat, and salted round) required 

different TPA conditions to yield results that best related to sensory first-chew 

characteristics (hardness, cohesiveness, springiness, denseness, starch between teeth, 

toothpull) determined by humans. The sensitivity and the repeatability of each TPA 

condition were also examined. The optimum conditions were: 1 mm/s crosshead speed 

and 85 % deformation for alkaline noodles; 1 mm/s and 70 % deformation for instant 

fried and salted round noodles; and 5 mm/s and 65 % deformation for salted flat noodles. 

Employing Partial Least Squares (PLS2) technique, the results obtained from these 

optimum conditions were found to explain approximately 70 %, 80 %, 60 %, and 83 % of 

variations in sensory data for alkaline, instant fried, salted flat, and salted round noodles, 

respectively.   These optimum conditions were found to be different from those with 
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highest sensitivity and repeatability. Therefore, a standardization of instrumental testing 

conditions can be made more meaningful if it is based on its relationship to sensory data, 

instead of basing it on its sensitivity and repeatability alone. 

The sample cooking factors (noodle weight and noodle to water ratio) were found 

to have no significant effect on the TPA results of cooked Asian wheat noodles. On the 

other hand, all sample holding factors (i.e., the use of water as a holding media, higher 

holding temperature, and longer holding time) significantly decreased values of all of the 

TPA parameters, except the negative curve area which indicates TPA adhesiveness. 

These results suggested that researchers may use different noodle weights and noodle to 

water ratios to evaluate cooked noodle texture and still obtain similar TPA results. 

However, since TPA results vary under different holding conditions, they need to be 

standardized across laboratories. 

The relationship between TPA and sensory first-chew parameters for each noodle 

style were examined. The parameters suggested by the TPA method to relate to sensory 

characteristics of foods in general, were not good predictors for all the corresponding 

sensory attributes of Asian wheat noodles. A single predictor with better predicting 

quality for each sensory attribute was examined. However, hardness was the only 

attribute that could be satisfactorily predicted by a single TPA parameter (area 1 or area 

2). Other sensory first-chew attributes required models with multiple TPA parameters to 

have a satisfactory predicting quality. Different model types (linear, Fechner, Stevens) 

were found to represent the relationships between TPA results and each sensory 

parameter to a different extent for each noodle style. 
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The TPA method successfully predicted sensory first-chew characteristics of 

cooked Asian wheat noodles. However, TPA is an imitative test whose parameters are 

found to be useful but not rheologically well defined. Future research should focus on 

adopting other fundamental tests to measure the texture of these products. Fundamental 

tests provide rheological information of the products' texture in well defined parameters 

which may lead to a greater understanding of the textural structure of these products. 

Furthermore, the fundamental test results should be related to the sensory properties of 

the products to investigate how the textural structure of the products affect the sensory 

textural properties perceived by humans. 
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