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Abstract

This study aims to elicit consumers’ willingness to pay (WTP) 
for gluten-free ramen noodles, exploring the alternative flour 
formulation of red kidney bean (RKB) to substitute for rice flour. 
Using the experimental method, first-price auction, with adult 
consumers as participants, truncated regression was applied to 
identify the WTP bids for three types of gluten-free ramen 
noodles. The findings reveal that the WTP bids for rice kernel 
and 30% RKB flour-based ramen noodles are not significantly 
different, whereas consumers would pay 12.56 baht/150 g less 
for the 40% RKB flour item compared to the rice kernel item. 
The results also suggest that participants in the experiments 
would pay 15.452 baht/150 g less for the 40% RKB flour item 
compared to the 30% RKB flour item. These results underscore 
the 30% RKB flour is the optimal formulation for producing 
gluten-free ramen noodles to substitute for rice flour. This 
study also highlights the distinct preferences across individual 
characteristics and nutritional concerns, which underscores the 
potential for developing ramen noodles to satisfy consumer 
preferences beyond celiac concerns – providing food nutrition 
and improving well-being of consumers through dietary choices.
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1.	Introduction

A notable recent global trend toward finding substitutes for basic food 
ingredients has been driven by several compelling factors (Wang & Jian, 
2022). One significant catalyst for this shift is food security, which has 
garnered increasing concern among consumers, with gluten being a 
particularly crucial aspect. In recent years, there has been an increase in 
the number of people suffering from celiac disease due to gluten-related 
disorders, which may lead to inflammation and complications (Lebwohl et 
al., 2018). This results in patients with celiac disease having new needs, such 
as reducing the risk of noncommunicable diseases (NCDs) and improving 
their health and the economic aspects of nutrition. Gluten-free food products, 
which are in increasing demand, are becoming a prospective market segment. 
Based on the average growth rate of 12.3% from 2009 to 2014 across various 
countries in Europe, America, and Asia, the gluten-free food market was 
forecasted to increase annually by 11% by 2020 (Lobanov et al., 2018). 
And, the market of gluten-free products is estimated to grow from USD 
6.3 billion to USD 12.4 billion by 2035, with baked goods, infant formula, 
ready meals, and pasta being important such products in the market (Future 
Market Insights, 2025). Corresponding shifts in number of diagnosed coeliac 
patients suggest that gluten-free products potentially appeal to the individuals 
owing to their perceived health benefits. However, Bathrellou et al. (2025), 
Gorgitano and Sodano (2019), Guennouni et al. (2019), Hassan et al. (2024), 
and Jamieson et al. (2018) identified consumption constraints limiting access 
to gluten-free products, with individuals with gluten sensitivity or celiac 
disease often facing challenges regarding the unavailability, quality, and 
affordability of gluten-free products. Gorgitano and Sodano (2019) found that 
only 44% of the 212 stores in their sample offered these specialized products. 
Gorgitano and Sodano’s (2019) study in Italy revealed that the average price 
of gluten-free pasta is 2.5 times higher (USD 0.427/100 g) than that of 
regular pasta, with the price premium ranging from 7.92% ($0.018/100 g) to a 
significant 31.4% (USD 0.710/100 g).

Despite these price differentials, the demand for gluten-free products, 
accounting for 14% of pasta consumption, appeared to far surpass dietary 
safety needs, since less than 1% (0.34%) of the Italian population is genuinely 
gluten-intolerant. Globally, there is a growing emphasis on healthier and more 
secure lifestyles, which has resulted in an increasing demand for innovative 
functional foods, such as nutrient-rich and non-allergenic food products. 
Alsubhi et al. (2022) provided a comprehensive summary of the research 
findings from numerous studies investigating consumers’ willingness to 
pay (WTP) for healthier products. Of the 26 experiments reviewed in their 
study, 88.5% revealed a price premium for healthier foods encompassing 
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attributes such as lower fat, sodium, sugar, and cholesterol, and their various 
combinations. The observed WTP premiums ranged from 5.6% to 91.5%, 
with an average of 30.7%. Nganje et al. (2008) found the highest WTP 
premium to be for reduced-fat bread (USD 2.27/100 g) in USA. Jurado and 
Gracia (2017) found the lowest WTP to be on reduced saturated fat breakfast 
cereal (USD 0.42/100 g)1 in Spain. De-Magistris and Lopéz-Galán (2016) 
found that Spanish consumers were willing to pay an additional 7.2% (USD 
0.175/100 g) for cheese labeled as having lower fat content than traditional 
cheese. Similarly, Di Vita et al. (2016) estimated a WTP premium of 21.36% 
(USD 0.052/100 g) for reduced-salt bread compared to conventional bread.

A promising alternative to wheat is red kidney bean (Phaseolus vulgaris 
L.) (RKB), a gluten-free pulse that enhanced nutritional benefits, including 
being an excellent source of fiber, protein, and other micronutrients 
(Chompoorat et al., 2018a; Hangen and Bennink, 2002). The red kidney 
bean flour is a high potent pseudo-cereal for improving protein and fiber 
levels in gluten-free products. Food nutritionists emphasize the nutritional 
value of legumes, characterizing them as wholesome, nutrient-dense, and 
high-protein food choices, capable of reducing the risk of heart disease 
and stroke (Margier et al., 2018; Tharanathan & Mahadevamma, 2003). 
The use of non-meat-based proteins, such as beans and pulses, is an 
affordable means of improving nutrition among households in developing 
countries. Simultaneously, there is a heightened awareness of sustainability 
issues throughout the entire supply chain, extending from farm to fork. An 
illustrative example of this is the multitude of benefits that legumes offer 
across diverse domains. Replacing meat and dairy products with legumes 
provides an opportunity to alleviate the strain on agricultural resources and 
mitigate greenhouse gas emissions associated with livestock management 
(Day, 2013; Davis et al., 2010; Jones & Ejeta, 2016; Röös et al., 2017). 
Legumes can serve as viable meat and gluten alternatives, addressing 
consumer preferences and health benefit of dietary allergenic proteins, in 
addition to their environmental benefits (Bellarby et al., 2013; Gao et al., 
2018). This transition to functional foods, such as gluten-free products and 
non-meat based proteins, aligns with the broader push for sustainability 
in the food industry, promoting food security and more environmentally 
responsible food system. Embracing these changes proactively allows the 
industry to meet evolving demands and contribute to sustainable and resilient 
food systems on a global scale.

1. EUR 1 approximately equals to USD 1.133 in May 2025 (European Central Bank, 
2025).
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1.1.	 Focus of the study

Ramen noodles are popular food products, especially in Asia, because 
they are quick, convenient, and easy to cook, with a long shelf life. Based 
on recent statistics, 121.2 billion servings of ramen noodles were consumed 
worldwide, totaling USD 21 million in 2022 (Global Industry Analysts, 
2023; World Instant Noodles Association, 2023). Ramen noodles are 
manufactured using wheat flour that contains gluten as their main ingredient. 
Although there is an increasing demand for food products using substitutes of 
traditional wheat flour, manufacturers’ search for profitable substitute ratios 
has been difficult because of properties of wheat such as viscoelasticity, 
which provide baking benefits, including a desirable texture, taste, and 
other qualities not found in other grains and legumes (Capriles et al., 2014; 
Chompoorat et al., 2018b). Nonetheless, several studies have demonstrated 
the potential feasibility of substituting wheat with other processed flours. 
For example, Ouazib et al. (2016) observed that processed rather than raw 
chickpeas were an improved substitute for wheat in bread when mixed at a 
10% substitution rate. Awolu (2017) suggested that the composite flour with 
85% pearl millet flour in addition to kidney beans and tigernut flours could 
be used as an alternative flour to the 100% wheat flour in bread. In addition, 
Chompoorat et al. (2020) reported that the combination of RKB flour with 
rice flour forms a different dough structure owing to the higher protein 
content and presence of amylose and amylopectin. However, the pursuit of 
such attributes – flavor and texture profiles – may entail additional processing 
steps (Gao et al., 2018), resulting in elevated production costs.

On the consumer front, the purchase decision depends not only on the 
price of goods and income but also on sociodemographic factors such as age, 
gender, and education (Croson and Gneezy, 2009; Perrin et al., 2019; Sgroi 
et al., 2024). Sgroi et al. (2024) reported that the frequency of consumption 
of functional foods is influenced by sociodemographic factors such as 
age, gender, and income. Furthermore, extensive literature indicates that 
consumers’ preferences and expectations regarding foods are often associated 
with their nutritional value and sensory aspects, particularly taste, texture, 
and smell (Alencar et al., 2021; Diep et al., 2014; Fu, 2008; Hatcher et al., 
2014; Liu et al., 2019; Miskelly & Moss, 1985; Smewing, 2016). Hence, the 
use of substituting ingredients can address these challenges, meet consumer 
preferences, and offer potential benefits to the food industry.

In rice-producing countries, such as Thailand, rice flour is used as a 
substitute for wheat flour in ramen noodles, but only in small markets. 
To the best of our knowledge, no study has directly examined consumer 
WTP for gluten-free ramen noodles in Thailand and Asia. This study 
aims to (1) investigate associations between consumers’ WTP values, 
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demographic factors, and consumers’ nutritional concerns, and (2) verify 
WTP estimate differences between three flour-based formulations of gluten-
free ramen noodles. An experimental method (auction) was employed to 
elicit consumers’ WTP bids. This study presents initial evidence of Thai 
consumers’ WTP for different types of ramen noodles. The experimental 
auctions provide non-hypothetical preference data, enabling insights into 
consumer acceptance of the flour formulations. The findings aim to inform 
businesses in designing and developing innovative products that support 
healthier diets and improve consumers’ nutritional well-being.

To familiarize the reader with experimental auctions and WTP studies, 
the following subsection (Section 2) describes the development of such 
approaches based on a review of recent methodological developments and 
the experimental method. The experimental designs and regression model 
are presented and discussed in Section 3. Section 4 reports the results of 
the experimental auctions and discusses the findings and compares them 
with previous studies. Conclusions and suggestions for further research are 
presented in the final section.

2.	Background on experimental auction

Experimental auctions have been applied in food valuation literature to 
determine consumers’ willingness-to-pay value for market and non-market 
goods – which are a non-hypothetical and incentive-compatible choice 
experiments – in which individuals exchange real money for real goods. 
Unlike the state-preferences surveys which elicits consumers’ WTP from 
hypothetical choices, the auction mechanism incentivize participants to place 
bids to reveal their true preferences (Canavari et al., 2018; Fox et al., 1998; 
Lusk et al., 2001). This experimental method can be applied to examine 
biding behavior of the consumers and understand the factors influencing 
consumers’ WTP bid for a good (e.g., Alemu & Olsen, 2020; Bernard et al., 
2006; Huffman et al., 2003; Lee et al., 2011; Lusk et al., 2001; Rousu et al., 
2004).

Various auction mechanisms have been used to elicit valuations, 
including first-price, second-price, (random) nth-price auctions, and the 
Becker-DeGroot-Marschak (BDM) mechanism. Selecting an appropriate 
auction format is an important methodological consideration because 
each mechanism possesses distinct properties that needs to be considered 
(Canavari et al., 2018; Lusk et al., 2001; Lusk and Shogren, 2007). Canavari 
et al. (2018) found that the second-price auction is the most frequently used 
format, followed by the BDM and (random) nth-price auction mechanisms. 
A Vickrey second-price auction encourages participants to bid their 
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true maximum WTP; however, it may not fully capture the preferences 
of participants whose bids fall outside the market-clearing price range. In 
contrast, a randomness in the nth-price auction absorbs off-margin bids and 
motivates participants to reveal their private bids closer to market clearing 
price (Canavari et al., 2018; Huffman et al., 2003; Lusk et al., 2001; Shogren 
et al., 2001).

Despite this advantage, the nth-price format can be costly, as the number 
of units sold increases with the value of n. The BDM mechanism is often 
preferred by researchers who wish to avoid the logistical challenges of 
bringing participants together at the same time and place (Canavari et al., 
2018). However, concerns regarding potential biases persist, as valuation 
outcomes may depend on the underlying distribution of the randomly 
generated comparison prices (Vassilopoulos et al., 2018, as cited in Canavari 
et al., 2018).

When the objective is to elicit valuations for products that are new or not 
yet available in the market – and when only a single trial can be conducted 
– the first-price auction may provide a suitable approximation of consumers’ 
WTP (Lusk et al., 2001). In this mechanism, the winning bidder purchases 
the product at their bid price using real money, which motivates participants 
to bid cautiously and sincerely. Although first-price and second-price bids 
may converge under assumptions of risk neutrality and independent private 
valuations, the second-price auction often requires repeated trials, which may 
lead to confusion among participants unfamiliar with auction procedures 
(Lusk et al., 2001).

In this research, ramen noodles made from red kidney bean (RKB) 
flour are a new product that is unfamiliar to consumers and not yet 
commercially available, while rice kernel–based products are found only 
in a limited number of health food stores. A single-trial auction was used 
to examine consumers’ WTP for each type of gluten-free ramen noodles 
with participants who had little prior experience with auction mechanisms. 
Therefore, the first-price seal bid auction is an essential component of 
this study. In order to observe the effect of consumer demographics and 
concerns on nutritional profiles on participants’ behavior in the experiment, 
demographic variables and scale-based measures of participants’ nutritional 
concerns were incorporated as predictors of WTP. This indirect method 
provides a causal interpretation of the effects of individual characteristics 
on consumer preferences and enhances the precision of WTP estimates 
(Canavari et al., 2018; Lusk et al., 2001).
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3.	Material and methods

Primary data were collected using a laboratory experimental auctions. 
This approach allows researchers to elicit consumers’ WTP for gluten-
free ramen noodles by controlling for key constituents of the market. 
Auctions were conducted mainly at Chiang Mai University, Thailand, 
from June to July, 2019. Participants were recruited using several methods, 
including word-of-mouth, phone, social media posts, and flyers placed 
at the entrances of common areas in the office buildings of Chiang Mai 
University. The study questionnaire was piloted in March and April 2019, 
and the adjusted version was submitted to the Chiang Mai University 
Research Ethics Committee for ethical review and approval2. During the 
recruitment process, participants were told they would be paid 200 baht cash, 
of which 100 baht was given for their time as a gift, and another 100 baht 
was provided for them to use to make a purchase of a product3. Participants 
were also informed that they would learn about the auction mechanism 
through a practice round to ensure their understanding of the experimental 
procedure.

3.1.	 Study’s experimental design and sample size

In the experiment, three types of gluten-free ramen noodles were 
conducted to access the mean difference in consumers’ WTP for flour-
based formulations. Six experimental sessions were conducted with two 
sessions for each ramen flour-based formulation. The sample size per flour 
treatment was calculated using the optimum sample arrangement – Sixteen 
S-squared over D-squared – proposed by previous studies (Canavari et al., 
2018; Drichoutis et al., 2015; Lehr, 1992; List et al., 2011; Noordzij et al., 
2010). This standard approach was applied to our study by using a Type I 
error level (alpha) of 0.01, a statistical power of (1 − beta) 0.90, and a 10-unit 
standard deviation change in the mean bids between flour-based items. The 
minimum sample size per treatment was therefore 30 (see Appendix, Table 1 
for the sample size calculation). While the experiment was designed to have 
30 participants in each flour-based treatment; some recruited participants 
might not show up in a given session. Hence, 15-18 individuals were 
recruited on average for each auction session to account for possible no-

2. This research was approved by the Chiang Mai University Research Ethics committee 
in CMUREC No. 62/049.

3. 1 THB (baht) approximately equals to 0.033 USD in November 2025 (Bank of 
Thailand, 2025).
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shows. A total of 105 individuals aged 18-70 years participated in the study, 
with 35 participants per treatment. This recruited number was also aligned 
with the sample size calculated based on power and alpha values of 0.95 and 
0.01, respectively.

The recruited participants were randomly assigned into experimental 
sessions without being given any information about the product details. 
Prior to the experiment, the participants were told that they could participate 
in only one experimental session. The experiment followed a between-
subject design, in which participants evaluated only one type of product 
treatment (Charness et al., 2012). This is similar to what would occur in a 
real market setting for new and/or healthy products, such as in bistros and 
restaurants, where not many gluten-free food options are available. The 
randomization procedure of the study is also supported by the Neyman-
Rubin model of causal inference, which notes that a within-subject design 
does not provide a causal interpretation of the treatment effect due to 
confounding responses from the same individual under both control and 
treatment conditions. Conversely, the between-subject design with the proper 
randomization is considered an unbiased estimate of the causal effect that 
the research wants to isolate (Rubin, 1974, as cited in Briz et al., 2017; 
Canavari et al., 2018).

We acknowledge of the study’s limitations related to the efficient 
estimation and inference of the results for the broader population based on 
a small group of samples. However, an equal number of participants per 
treatment and a larger sample size than the number of model predictors 
would provide sufficient power to estimate the treatment effect on the 
outcome of this pilot study. In addition, the observations collected for this 
study met the minimum requirements, ensuring an acceptable level of 
statistical power and detectable effect size (Drichoutis et al., 2015, as cited in 
Briz et al., 2017).

3.2.	Experimental trial and flour-based treatments

In the auction, three types of gluten-free ramen noodles were prepared for 
the experimental trials: pure rice kernel flour and two blended alternatives 
with different proportions of RKB flour (30% and 40% RKB flour-
based formulations). The cooked gluten-free ramen noodles were placed 
in disposable plastic bowls and served to the participants along with a 
manufactured non-gluten free item. The manufacturing of non-gluten-free 
ramen noodles primarily uses wheat flour; these noodles have long been 
available in the market and are commonly consumed in Asia. A conventional 
non-gluten-free item was used as a benchmark product to help consumers 
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compare the characteristic differences between gluten- and non-gluten-free 
products. The manufactured non-gluten-free item was presented to subjects 
with its label removed to avoid the effect of brand reputation on consumers’ 
WTP, whereas the gluten-free item was labeled with its weight and product 
flour composition. Information about the average market price per package of 
150 g of manufactured non-gluten-free ramen noodles (42 baht) was provided 
to the participants.

For each session, participants were informed that Ramen A was a non-
gluten-free product made from wheat flour and contained gluten, whereas 
Ramen B/C/D did not contain gluten and was made from pure rice kernel, 
30% RKB or 40% RKB flour-based formulations, respectively. The 
participants received information about gluten: that it is a protein found in 
wheat, barley, and rye (Lebwohl et al., 2017). Gluten can pose health risks 
to patients with celiac disease, who are sensitive to gluten. To verify WTP 
differences among three types of gluten-free ramen noodles, participants in 
the experimental trial were asked to submit only their bids for the gluten-free 
item (Ramen B/C/D) beginning at zero. The experimental auction involved 
several steps, which are explained in the next subsection.

3.3.	Participant activities in the auction session

After the participants arrived and registered for the experiment, the auction 
was conducted in the following five steps:

Step 1: Each participant was given an ID number to maintain anonymity 
and assigned a seat. The seats were placed far apart to ensure that the 
participants were unable to communicate with one another.

Step 2: The study monitors welcomed the participants and provided 
details of the research project and experimental auction procedure. Once the 
participants signed a consent form, the study monitor asked them to complete 
the first part of the questionnaire, which consisted of questions on their 
demographics and concerns regarding food nutritional profiles.

Step 3: After the participants completed the pre-auction questionnaire, a 
warm-up round auction of a napkin was conducted. Participants were asked 
to examine the napkin and provide the WTP bid for the product that they 
would purchase using the given 100 baht. Once the participants provided 
a written WTP bid, the study monitors collected a sealed bid from all the 
participants and announced the highest bid. The bids were written on a 
whiteboard. The winner of the auction paid the highest bid, that is, their 
own bid, in exchange for the napkin. At this stage, the participants were 
encouraged to clarify the auction methods before proceeding to the real 
auction round.
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Step 4: Following the warm-up round, the first-price auction for specific 
flour formulations of gluten-free ramen noodles was conducted: (1) rice 
kernel flour, (2) 30% RKB-blended flour, and (3) 40% RKB-blended flour. In 
this session, cooked ramen noodles were served along with the manufactured 
items. After experiencing the products, the participants were asked to submit 
their bids for the gluten-free item in that experimental trial.

Step 5: Session monitors collected and ordered the bids from highest to 
lowest. The highest and second highest bids in that session were announced. 
Those who gave the highest bid were the winners of the trial and paid their 
bid in exchange for a 150 g pack of gluten-free ramen noodles.

3.4.	Econometric model

In the survey, demographic variables and scale-differential questions 
regarding participants’ concerns regarding nutritional profiles were used 
to quantify the WTP values. Participants’ concerns regarding protein 
content, saturated fat content, and gluten-related ingredients were elicited 
using a scale between 1 and 10. A value of 1 indicates the participant 
is not concerned about these nutritional values at all, whereas a score of 
10 is given if the participant is extremely concerned. Initially, the study 
included other variables, such as participants’ average years of schooling, 
income, concern regarding carbohydrate and sodium contents, and interaction 
variables between demographics and nutritional concern, as the components 
of an explanatory variable, but only the five variables stated above were 
included in the model. Model selection was based on the Schwarz criterion 
– Bayesian Information criterion (data available upon request from the 
authors). In accordance with the study’s sample size, the Schwarz criterion 
penalizes the loss of degrees of freedom resulting from the addition of 
variables to the model (Greene, 2008; Schwarz, 1978). The study also used 
the Variance Inflation Factor and White’s tests to detect multicollinearity 
problems and heteroskedasticity. The test results revealed no collinearity 
between the independent variables and failed to reject the null hypothesis of 
homoskedasticity.

In the regression model, participants’ WTP bids were set as dependent 
variables, and two demographic variables (age and gender) and three 
questions on participants’ concerns regarding food nutritional profiles 
(protein content, saturated fat content, and gluten-related ingredients) were 
included in the x vector. During the experiments, none of the participants 
placed negative or zero bids, and the bids for all flour treatments were 
consequently truncated above zero, in which the Ordinary Least Squares 
estimator was not an appropriate approach (Amore & Murtinu, 2019; Green, 

Copyright © FrancoAngeli 
This work is released under Creative Commons Attribution - Non-Commercial – 

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org



51

Exploring Red Kidney Bean Flour as Partial Substitute to Rice Flour in Gluten-free Ramen Noodles

2008; Wilson & Tisdell, 2002). Therefore, a truncated regression was applied 
to identify the WTP bids, which was formulated as:

	
𝑊𝑊𝑊𝑊𝑊𝑊!,# = α$ +'𝛽𝛽%𝑋𝑋%,!
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where the existing variables WTP
i,j

 represents the bidding price of participant 
i for ramen noodles that made from flour-based formulation j є {rice kernel, 
30% RKB blend, and 40% RKB blend}; X

k,i
 is the kth explanatory variable 

for participant demographics (k = 1, 2 for age and male gender, respectively); 
Z

n,i
 indicates participants’ concern regarding nutritional profile n (n = 1, 2, 

3 for protein content, saturated fat content, and gluten, respectively); TR
j
 

is a dummy variable for flour-based treatments; α
0
 denotes the intercept 

representing a reference category of the rice kernel flour item; β
k
 and δ

n
 

are parameters to be estimated for the effects of participant demographics 
and concern, respectively; ψ

i
 is the parameter capturing how flour-based 

formulation influences WTP values; and e
i,j

 is the corresponding error term 
for flour formulation j.

As stated earlier, the study objective was to investigate the associations 
between consumers’ WTP values, demographics, and participants’ nutritional 
concerns. The hypotheses regarding the demographics and concern factors 
– H

0
: β

1
 = 0, β

2
 = 0 and H

0
: δ

1
 = 0, δ

2
 = 0, δ

3
 = 0 – were tested. It was 

hypothesized that participants’ age, and gender would affect the WTP bid, 
with male and younger participants placing higher bids for all the gluten-
free flour items. It was hypothesized that participants who have a higher level 
of concern for protein and saturated fat content, as well as gluten-related 
ingredients, would have increased the participants’ bidding amount. The 
dummy variable for flour-based formulations were tested (H

0
: ψ

1
 = 0, ψ

2
 = 

0), which was expected to be significantly different from zero. Additionally, 
the second objective of this research was to identify WTP differences among 
three types of gluten-free ramen noodles. The study conducted the tests 
for mean equality on consumers’ WTP from different flour formulations. 
The WTPs from 30% RKB and 40% RKB flour-based formulations are 
expected to be equal to that for the rice kernel flour item (H

0
: α

0
 = ψ

1
, α

0
 = 

ψ
2
). Moreover, the bidding values for 30% RKB flour and 40% RKB flour-

based items were expected to be equal, that is the null hypothesis (H
0
: ψ

1
 = 

ψ
2
) cannot be rejected.
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4.	Results and discussion

4.1.	 Demographic characteristics of the sample

The variable definitions and descriptive statistics for the 105 participants 
are presented in Table 1. Of the 105 participants, 77% were women. The 
average age of the participants was 36.71 years; there were 13 participants 
aged > 60 years. The mean number of years of schooling for all participants 
was 18.85 years (at a bachelor’s degree), with only 3.8% not having completed 
high school. More than 22% had a college degree, and 60% were studying 
in college. The participants had an average monthly income of 26,930 baht. 
Nearly 80% of the participants had a monthly income of less than or equal to 
30,000 baht, whereas only 2.85% had an income greater than 100,000 baht. 
Most participants had similar education levels and incomes, which may have 
led to similar opinions toward gluten-free products, given their demographic 
background.

For the scale-differential question, the participants indicated their high 
concern for protein and saturated fat content (mean score at 7.26 and 
7.38, respectively), whereas the concern for gluten-related ingredients was 
moderate (mean score at 4.58).

Table 1 - Summary statistics of the sample

Variable Definition Mean Std. 
Dev.

Min Max

Age Years 36.71 15.12 18 70

Male 1 = male; 0 = female 0.23 0.42 0 1

Edu Highest education level 
(year of schooling)

18.85 2.51 9 26

Income Baht per month 26,930 28,862 4,000 150,000

Protein content 1 = not at all concerned; 
10 = extremely 
concerned

7.26 2.09 1 10

Saturated fat 
content

1 = not at all concerned; 
10 = extremely 
concerned

7.38 2.09 1 10

Gluten-related 
ingredient

1 = not at all concerned; 
10 = extremely 
concerned

4.58 2.93 1 10
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Table 2 shows the mean bids for gluten-free ramen noodles by flour 
formulation. Among the three flour-based products, participants were willing 
to pay less for the product made from 40% RKB flour-based formulation than 
for those made from rice kernel- and 30% RKB flour-based. The bidding 
price for the 40% RKB flour item was only 31.06 baht/150 g, below the bids 
for the other two items by 11 baht/150 g.

Meanwhile, the mean bid for the 30% RKB flour-based ramen noodles 
was only one baht lower than that for the item made from rice kernel flour. 
Additionally, none of the participants placed the bid below 10 baht for all the 
products; therefore, the consumers’ WTP was left-truncated at 10.

Table 2 - Average consumer WTP for ramen noodles, by flour formulation

Flour formulation Mean (baht/150g) Std. Dev. Min Max

Rice kernel 43.17   8.55 25 60

30% RKB 42.26 12.12 20 69

40% RKB 31.06 14.71 10 60

The histograms presented in Figure 1 (a-c) shows the distribution of the 
bid prices for gluten-free ramen noodles by flour formulation. The majority 
of participants gave a higher bid of 41-50 baht for rice kernel- and 30% RKB 
flour-based formulations. The minimum bids for these two products were 
25 and 20 baht, respectively. Conversely, most participants in the 40% RKB 
experimental trial gave lower bids that fell within a wider range below 41 
baht (i.e., 10-40 baht). This result indicates a difference in consumers’ WTP 
between the ramen noodles made from rice kernel- and 40% RKB flour 
formulations.
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Figure 1(a-c) - The bid distribution for ramen noodles, by flour formulation

(a) Rice kernel flour

    
(b) 30% RKB flour     (c) 40% RKB flour

4.2.	Willingness to pay for gluten-free ramen noodles and influencing factors

The truncated regression results from fitting Equation (1) with the effects 
of flour treatments are presented in Table 3. The models were estimated 
using the maximum-likelihood procedure in the TRUNCREG procedure in 
STATA, version 17. The Wald chi-squared test for all coefficients was zero 
and was rejected at the 1% level, indicating that the model was statistically 
significant. The results revealed significant correlations between consumer 
demographics and concerns on food nutritional profiles, flour formulations, 
and consumers’ WTP values, with clear implications for determining the 
preferable flour formulation for producing gluten-free ramen noodles.
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Table 3 - Truncated regression results

Variable Coefficient Standard Error

Constant   46.011*** 5.319

Age   –0.239** 0.100

Gender (male)   –6.264** 3.107

Protein_Concern     2.013** 0.795

Saturated fat_Concern   –0.822 0.751

Gluten_Concern   –0.598 0.470

30% RKB flour     2.896 3.423

40% RKB flour   –12.556*** 3.289

Sigma     11.563 0.890

Log likelihood –400.667

Note: (***) significant at 1% level, and (**) significant at 5% level.

The beta coefficients for age and (male) gender were significantly different 
from zero and negatively correlated with the WTP bid for gluten-free ramen 
noodles (–0.239 and –6.264 respectively, significant at 5% level). A one-year 
increase in participants’ age leads to a 0.239 baht decrease in the bidding 
amount. Male participants give lower bids than female ones, as a great 
magnitude at –6.264 baht/150 g. These results align with prior research 
highlighting the role of sociodemographic factors (e.g., age, gender, and 
education) in consumers’ decisions to purchase goods and services, including 
dietary choices (Bärebring et al., 2020; Christoph et al., 2018; Croson & 
Gneezy, 2009; Sgroi et al., 2024). The negative relationship between age, 
gender, and WTP bids indicates that older male consumers have limited 
perception of a healthy diet and less acceptance of a new food product, 
which is consistent with prior studies on food awareness, such as those by 
Bärebring et al. (2020) and Perrin et al. (2019), who reported differences 
in the perceptions of food nutrition and safety between male and female 
consumers.

Concern variables for food nutritional profiles further shaped consumers’ 
WTP bid. The positive and significant coefficient of participants’ concern for 
protein content is specifically observed (2.013, significant at 5%), suggesting 
that an individual who has one higher level of concern above the average for 
protein content is significantly willing to pay more for the gluten-free ramen 
noodles (2.013 baht/150 g). This result aligns with the findings of Di Vita 
et al. (2016) and Luga et al. (2020), who observed that the sensory score/
WTP value of food products tends to be higher when the foods incorporate 
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healthy nutrients, such as high protein and low sodium. Conversely, concerns 
regarding gluten had no significant effect on the bidding amount. These 
findings imply that consumers who have no food intolerance may be reluctant 
to consume gluten-free products, and that their dietary preference for healthy 
foods – providing a balance of protein, fat, and fiber – plays a critical role in 
their consumption choices. Regarding consumers’ concerns about saturated 
fat content, the coefficient shows an unexpected insignificant result.

While the dummy coefficient for the 30% RKB flour-based formulation 
was not significantly different from zero, The 40% RKB flour formulation 
was negatively correlated with the WTP amount (–12.556, significant at 
1%). This indicates that consumers would pay 12.56 baht/150 g less for the 
item that made with 40% RKB flour-based formulation compared to the 
rice kernel item. The insignificant coefficient for the 30% RKB flour-based 
formulation suggested that the amount consumers would pay for the 30% 
RKB flour ramen noodles did not differ from the WTP for the rice kernel 
item (ρ = 0.39). Furthermore, the mean equality test on WTP differences 
highlights the alternative flour formulation to substitute for rice kernel flour. 
The hypothesis that the average bids of 30% RKB- and 40% RKB flour items 
would be equal (H

0
: ψ

1
 = ψ

2
) was rejected – i.e., ρ = 0.00. The result shows 

that consumers would pay less for the 40% RKB flour-based ramen noodles 
compared to the 30% RKB flour item (–15.452, significant at 5%). The results 
illuminate the 40% RKB flour-based formulation decreases the consumers’ 
preferences for ramen noodles, whereas the 30% RKB flour is the optimal 
formulation for producing gluten-free ramen noodles in comparison to the 
rice kernel flour.

Based on the statistical significance and sign of the estimated parameters 
in Equation (1), the WTP amount for gluten-free ramen noodles across flour-
based formulations can be predicted. For instance, if the consumer offers a 
positive bid, an increase in the substitution rate of rice flour to a 40% RKB 
formulation will reduce the bids for ramen noodles. The WTP bids for the 
40% RKB flour item were only 29.05 baht/150 g when the bidder was male 
aged 36.71 years and indicating a concern of level 7 for protein content. The 
same consumer would pay up to 41.61 and 44.50 baht/150 g for rice kernel- 
and 30% RKB flour-based items, respectively (Table 4). This finding reveals 
that the extra attributes of gluten-free flour beyond using the 30% RKB flour 
composition appeared to significantly decrease consumer WTP bids. This is 
consistent with the findings of Chompoorat et al. (2020), who reported that 
the overall quality score of the flavor – taste, texture, and smell – of RKB 
cupcakes increased when a higher percentage of rice kernel flour was added 
to the RKB flour.

Overall, two flour formulations – (1) rice kernel and (2) 30% RKB flour 
composition – demonstrate higher consumer preferences than a 40% RKB 
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flour formulation. The older male consumers have limited perception of 
a healthy diet and less acceptance of a new food item than female. An 
individual concern for protein content increased the bidders’ amount for 
the ramen noodles. These findings highlight the distinct preferences across 
individual characteristics, which may guide policy intervention to support 
food industries in developing innovative products to meet consumer demand, 
bolster food security, and improve well-being for all people.

Table 4 - Expected mean of WTP for gluten-free ramen noodles, by flour 
formulation

Flour formulation Mean WTP*
(baht/150g)

Standard Error p-value

Rice kernel 41.61 2.269 0

30% RKB flour 44.50 2.200 0

40% RKB flour 29.05 2.284 0

Note: The mean of WTP bids were calculated from 105 observations.

Conclusions

A first-price auction was conducted to quantify consumers’ WTP values 
for ramen noodles with three alternative flour formulations. We found that all 
participants offered positive bids for all types of gluten-free ramen noodles. 
The WTP bids did not differ between rice kernel- and 30% RKB flour-based 
items. Only the average bid level for ramen noodles made from 40% RKB 
flour was significantly lower than those for the rice kernel and 30% RKB 
flour items. The scale-differential questions on the participants’ concerns 
about nutritional profiles showed that the individual concern for protein 
content increased the bidders’ amount for the ramen noodles. However, 
concerns about gluten and saturated fat content did not affect the WTP bid 
for all types of ramen noodles.

The findings underscore the potential of developing gluten-free ramen 
noodles to satisfy consumer preferences beyond celiac concerns, driven by 
health-conscious consumers seeking to improve their well-being through 
dietary choices. In situations where wheat (non-gluten-free) ramen noodles 
are available in the market, rice kernel and 30% RKB-flour ramen noodles 
could become an alternative product for consumers who are gluten-intolerant 
and/or seeking a healthier diet. Our study reports the results of experimental 
auctions in which consumers bid on ramen noodles. The method provides non-
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hypothetical data on consumer preference for the flour formulation of gluten-
free ramen noodles, which is the first step in identifying consumer perceptions 
in the development of commercial products. Although our experiment was 
conducted only in Thailand, this is the first experimental study to determine 
the effects of RKB flour, consumer demographics, and concerns regarding 
food nutritional profiles on the WTP amount for ramen noodles, which is a 
popular food in Asia. A larger sample size from a wider geographical region 
and recent year should be considered in future studies. The experimental 
analysis should be further extended to include more auction formats to improve 
the accuracy of the current findings. Potential failures in randomization 
across treatments, due to unobserved heterogeneity arising from the auction 
practice round, may lead to biased estimates and should therefore be carefully 
addressed in future experimental auctions4. Furthermore, the manufacturing 
cost for alternative products that made from RKB flour is an essential factor 
that should be considered to obtain a better estimate of whether this change 
actually benefits consumers as well as the food processing industry.
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Appendix - Sample size calculations

To determine the optimum number of sample size per flour-based treatment, the 
study employed the approach proposed by Canavari et al. (2018); Drichoutis et al. 
(2015); Lehr (1992); and List et al. (2011). This approach calculates the sample size 
based on three key elements, which are: (1) a level of Type I error α, (2) the power of 
the statistical test 1 − β, and (3) the minimum detectable size of the treatment effect 
(µ

1
 – µ

2
). This sample size calculation is commonly known as a Sixteen S-squared

over D-squared (Lehr, 1992), which is defined as:

(1)

where, n is the number of samples per group, σ is a pool variance estimate, α is a 
Type I error level, β is Type II error, and µ

0
 − µ

1
 is the difference to be detected

between the mean response of treatments.
By given a specific values of two-tailed α 0.05 and power (1 − β) 0.80, the values 

of Z
1−β and Z

1−α/2
 are equal to 0.84 and 1.96, respectively. Then, the numerator,

2[Z
1−α/2

 + Z
1−β], is approximately equal to 16. The equation (1) becomes:

(2)

This crude sample size estimate can only apply when the values of alpha and 
power are 0.05 and 0.80, respectively. In our study, the alpha and power values were 
set at 0.01 and 0.90, with an expected detectable effect size of 10 and a pool variance 
estimate of 100. The given coefficient ‘30’ proposed by Lehr (1992) was applied into 
the equation (2) to substitute for ‘16’ – i.e., the values of σ and µ are 1.28 and 2.58, 
respectively.. The sample size per treatment of our study was 30. Table 1 presents 
the sample size for different values of alpha and statistical power, with the detectable 
effect size and pool variance of the study.

Table A1 - The sample size for different values of alpha (α) and power (1 − β)

Power of the statistical test (1 − β) The sample size at

α = 0.01 α = 0.05 α = 0.10

0.80 23.5 16 12.5

0.90 30 21 17.5

0.95 36 26 22
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