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Chinese consumer preferences
and willingness to pay for
carbon-labeled eggs: an analysis
based on choice experiment
method

Miaoling Liu*

Lingnan Normal University, Zhanjiang, China

This study aimed to investigate Chinese consumer preferences and willingness
to pay for carbon-labeled eggs, and to explore the heterogeneity of consumer
preferences and willingness to pay under different information interventions.
A choice experiment was conducted to investigate consumer preferences for
food quality attributes, and the survey data was analyzed utilizing a mixed logit
model. The findings revealed that Chinese consumers prioritize eggs with organic
certification and antibiotics-free labels. Additionally, Chinese consumers exhibit
a positive willingness to pay for carbon-labeled eggs, however, the attribute of
carbon labels is perceived as the least important among all attributes by consumers.
In addition, the preference for carbon-labeled eggs exhibits heterogeneity, with
female and young consumers demonstrating a greater willingness to pay a premium.
The provision of information regarding global warming and the significance of
carbon labels enhances consumers’ inclination to pay a premium for products
with carbon labels.

KEYWORDS

carbon label, willingness to pay, consumer preference, carbon-labeled egg, choice
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1 Introduction

To address global warming, many countries have actively promoted environmentally
sustainable and low-carbon development as a key strategy (Foxon, 2011). It entails consumers
evaluating environmental attributes and selecting sustainable products (e.g., low-carbon
alternatives) during purchasing decisions (Peattic, 2010). The carbon label serves as a
distinguishing marker enabling consumers to discern lower carbon products (Li et al., 2017).
It is an important policy tool for energy conservation and emission reduction recognized
internationally. Since the carbon label system was first introduced in 2007, more than 50
countries around the world have carried out practices in some products such as food and
electronic products. A well-established low-carbon labeling system can promote the
low-carbon transformation. On the one hand, carbon labels can provide consumers with
information on carbon emissions of a product, thereby promoting environmentally-friendly
purchasing behaviors (Holenweger et al., 2023; Lohmann et al., 2022) and fostering an
environmentally friendly consumption culture. On the other hand, carbon labels can guide
enterprise to conduct carbon footprint calculations and implement energy-saving
technological renovations to form the driving force for emission reduction throughout the
entire industrial chain (Nguyen-Viet, 2022; Xu and Lin, 2021). Especially under the strategic
background of China’s proposal of the “dual carbon” goals, the low-carbon transformation in
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the agricultural sector is particularly urgent. Agriculture constitutes a
major contributor to global greenhouse gas emissions, accounting for
approximately 16-27% of anthropogenic emissions worldwide (IPCC,
2019). Among them, animal-derived foods, especially livestock
production, account for a considerable proportion. However,
obtaining carbon label certification will increase production costs, the
sustainability of the implementation of carbon labeling food largely
depends on whether consumers are willing to pay a premium for such
products. Hence, it is of utmost significance to explore consumer’s
willingness to pay for carbon labeling food.

Extensive scholarly work has examined consumer preferences and
willingness to pay for carbon-labeled food products. Most studies have
pointed out that consumers exhibit systematically lower willingness-
to-pay for carbon-labeled products (Rondoni and Grasso, 2021).
When presented with a distinct carbon label, consumers exhibit a
willingness to pay a premium for low-carbon food products (Grebitus
et al, 2015). However, compared with the ecological and
environmental information related to carbon labels, consumers
demonstrate stronger willingness-to-pay premiums for labels with
nutrition and health information such as organic certification or
antibiotic-free certification (Thogersen and Nielsen, 2016; Zhao et al.,
2018; Lampert et al, 2017). And existing research indicates that
consumer preferences for carbon footprint labels exhibit significant
heterogeneity across food categories. Among these food categories,
they are mostly concentrated in three major categories, including
processed foods, staple agricultural commodities and cash crops. For
example, Italian consumers command a 30% price premium for
carbon-labeled fresh milk but demonstrate significantly attenuated
premiums for carbon-labeled chocolate bars (Owusu-Sekyere et al.,
2019); Chinese consumers command a price premium of 25.66, 31.96,
24.08, 23.62 and 20.64% for carbon-labeled milk, corn, bananas,
tomatoes, and eggs (Xu and Lin, 2022). In these studies, the carbon-
labeled egg category mostly exists as a secondary analysis, lacking
in-depth focus. However, eggs are the second largest source of animal
protein for global consumption. Egg-laying poultry farming
contributes 15-30% of agricultural carbon emissions, and there is
huge potential for emission reduction. Therefore, the research on the
preference for carbon-labeled eggs warrants scholarly attention. In
addition, existing research indicates that demographic factors such as
gender, age, education level and income can affect consumer
preference and willingness to pay for carbon-labeled food products.
The internal motivation can be partly attributed to the group
differences in environmental awareness. However, environmental
awareness may be intervened and regulated by external environmental
messaging (Wong and Lai, 2024). Then, when environmental
messaging is intervened as a situational cue, does it significantly alter
consumer preference for carbon-labeled eggs? Current literature lacks
empirical validation and boundary conditions regulatory mechanism,
constraining carbon label policy precision.

Current research on egg preferences mainly focuses on organic
eggs, animal welfare, nutritional components, geographical origin,
eggshell color, and other factors that affect egg preferences and
willingness to pay. Among the factors related to nutrition and health,
a consumer survey conducted in Turkey revealed that individuals
with personal interests exhibit a higher inclination toward purchasing
eggs labeled as organic compared to those with collective interests
(Giiney and Giraldo, 2019). Tian et al. (2022) have substantiated that

Chinese consumers exhibit a greater willingness to incur a higher
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premium for nutrient-fortified eggs in comparison to conventional
eggs. Similarly, Yeh et al. (2020) have confirmed the inclination of
health-conscious purchasers in Italy and Hungary to pay an elevated
price for Omega3 nutritional health claim labels. Among ecological
ethical factors, through conducting a consumer survey in Brazil and
Chile, Yildirim et al. (2018) revealed that consumers primary
concerns when purchasing eggs are centered around animal welfare,
naturalness, hygiene, and ethics, as these aspects are intricately linked
to enhancing egg health, nutritional composition, and flavor profile.
Bett et al. (2013) surveyed Kenyan consumers and discovered that
there is a stronger inclination toward locally produced eggs, resulting
in a willingness to pay an additional 41.53% for such eggs, Gracia
etal. (2013) also confirmed this result. Among the sensory factors,
the study conducted by Berkhofl et al. (2020) revealed that Chilean
consumers consistently rated farm eggs with brown or blue shells
higher in terms of sensory evaluation compared to free-range and
caged white-shell eggs. Nutritional elements are also important
indicators affecting consumers’ preference for eggs. However, limited
research has been conducted on consumer preferences regarding
carbon-labeled eggs. Liu et al. (2022) investigated consumer
preferences for eggs to eco-labeling and found that Chinese
consumers exhibit a willingness to pay a higher premium for eggs
labeled as “organic,” “free-range,” and “nutrient-rich” However, the
study did not address the inclusion of carbon labeling within the
context of eco-labeling. Whether carbon label information can break
through the “cognitive masking” of other factors on low-priced and
high-frequency consumer goods like eggs is a question
worth studying.

Overall, the study aims to address the following research
questions: (1) what is consumers’ preference for egg? (2) Are they
willing to pay a premium price for carbon-labeled eggs compared with
other attributes? (3) What demographic factors affect consumer’s
preference for carbon label? (4) When environmental protection
information input is intervened as a situational variable, can it reshape
consumer’s preference? In 2022, China became the world’s largest
producer with an astonishing output of 29.4 million tons, accounting
for approximately 33% of the global total output. China has a huge egg
consumption market, so Chinese consumers are worthy of study. By
conducting a choice experiment in China and analyzing consumers’
willing to pay for carbon labels, this research contributes to existing
research on consumer preference and carbon-labeled food
productions. It expands the scope of the egg preferences study by
providing insights into consumer preference for carbon-labeled egg.
And it enriches carbon-labeled food products research within the
context of China. Comparative analyses with other labels and
attributes can help identify the specific aspects of consumer preference.

2 Materials and methods
2.1 Survey design

The choice experiment method is a survey technique that
employs the orthogonal design principle to create a range of
products for consumer choice. Prudent attributes and product
levels selections constitutes the methodological foundation for
designing discrete choice experiments. Prior research establishes
nutritional safety attributes (e.g., organic certification, nutrition
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FIGURE 1
Carbon labels.

claims, antibiotic-free labels, traceability labels), and price attributes
as critical determinants of consumer choice. Drawing upon the
relevant literature, this study proposes that eggs attributes as
organic certification, omega-3 enriched labels, selenium-enriched
labels, antibiotic-free labels, carbon labels, traceability labels,
and price.

Among them, the carbon labels visually indicate the extent of
greenhouse gas emissions throughout the entire life cycle of egg
production, including supply and consumption. The carbon label type
employs the colored Traffic Light Carbon Trust label, as it is easily
comprehensible to consumers and enhances effectiveness (Suchier
etal., 2023). The red, yellow, and green correspond to labels indicating
high carbon emissions, average carbon emissions, and low carbon
emissions, respectively, (as shown in Figure 1). Organic certification,
as studied by Fu et al. (2024), encompass the classification of organic
certification and non-organic certification labels. Nutritional labeling
prioritizes Omega-3 fatty acids and selenium given their evidenced
physiological benefits (Kralik et al., 2023). Egg price levels in the
choice experiment were set at ¥8, ¥12, ¥16 and ¥20 per box (10 pieces
per box), informed by pre-tested minimum and maximum
omnichannel retail prices in China. Table 1 presents the attributes
levels and assignment values employed in the choice experiment.

The full-factor design realizes the generation of 384 virtual
schemes by systematically changing the seven attributes of eggs at
different levels (2*2*2*2*3*2*4). If two egg product profiles are
presented per choice set, the full factorial design wound yield 73,536
possible combinations, rendering the experiment operationally
infeasible. Relevant studies have shown that providing respondents
with 15-20 options would significantly affect their choice efficiency
due to fatigue (Allenby and Rossi, 1998). Therefore, in order to
improve the operability of the choice experiment and the research
efficiency, this study adopts the D-efficient design and uses the
D-create command in STATA to obtain 32 choice sets. To avoid the
fatigue of the respondents, we used block command in STATA to
divide the 32 choice sets into two versions, and the respondents were
randomly assigned to the two versions. Therefore, each respondent
was faced with 8 choice sets, and each choice set contained 2 egg
product options and 1 “no choice” option (Table 2 shows examples of
choice sets). The design efficiency (D-efficiency) of the discrete choice
experiment in this study reached 2.688, indicating that the
questionnaire was well designed when measured from the perspective
of the optimal partial factor analysis.
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TABLE 1 Egg attributes and their level settings.

Attributes levels and
assignment values

Attributes

Level 1 organic labels = 1

Organic certification
Level 2 non-organic labels = 0

Level 1 Omega-3 enriched labels = 1

Omega-3 enriched labels Level 2 without Omega-3 enriched

labels = 0

Level 1 selenium-enriched label = 1

Selenium-enriched labels Level 2 without Selenium-enriched

label = 0

Level 1 Antibiotic-free labels = 1

Antibiotic-free labels
Level 2 without antibiotic-free labels = 0

Low carbon label = 1

Carbon labels Medium carbon label = 2

High carbon label = 3

Level 1 traceability label = 1

Traceability labels
Level 2 without traceability label = 0

¥8.00=1

¥12.00 =2

Price (yuan/10eggs)
¥16.00 =3

¥20.00 =4

2.2 Data collection

To ensure the quality of the questionnaire, we conducted a
preliminary survey in Zhanjiang, China. The primary objective of this
pilot survey is to evaluate the questionnaire logic, comprehension
difficulty, response option configuration, and estimated completion
time. We collected a total of 50 pilot survey questionnaires. Through
the preliminary analysis of the pre-research data and small-scale
interviews with the respondents, we found that participant
unfamiliarity with certification regimes (traceability, selenium-
enrichment) and deficient validation mechanisms in the survey
instrument. Therefore, the final survey added validation questions
and pictorial explanations of certification concepts (e.g., traceability,
selenium-enrichment). The attribute Settings, scene set selection and
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TABLE 2 Example choice experiment question.

Attributes Option 1

Organic labels Non-organic labels

Option 2

Organic labels @

10.3389/fsufs.2025.1569674

Option 3

Rich in Omega-3 labels .
Omega-3 enriched labels

Omega-3 enriched labels

. . -
Selenium rich label Selenium-enriched label @

Selenium-enriched label

Antibiotic-free labels Without antibiotic-free labels

Antibiotic-free labels e

I would not choose

either of these eggs

[ ]
- N -
||

- 131 -
1}

Carbon labeling

High carbon label High carbon Low carbon label Low carbon
Traceability ™) )

Traceability label Traceability label
Price premium ¥12/box ¥16/box

scene description in the core experimental content have not
undergone major modifications.

This study was conducted through the China Professional Survey
Website,' a popular survey platform for researchers designing
non-interactive online experiments (Molnar, 2019), and data were
collected from respondents at random geographical locations in
China. To study the impact of information intervention on consumers’
choice preferences, the formal experiment adopted an inter-group
design, randomly dividing the participants into two groups: the
experimental group and the control group.

The experimental group did not provide any pre-experimental
information intervention to consumers. Before the respondents answered
the core choice experiment part, they first read a scene description: “You
recently browned carbon-labeled egg products on the Taobao e-commerce
platform. You just needed to purchase eggs, so you clicked on the product
detail page. On the product detail page, you saw the introduction of
carbon label eggs and related product attributes (such as price, organic
certification, traceability, etc.)” Please compare the product attributes
before making a purchase. Furthermore, in order to enable the
respondents to understand traceability, selenium-rich and omega-3 rich,
the questionnaire also provided explanations for these concepts.
Subsequently, the participants completed an experimental task consisting
of 7 selection sets, each of which included 2 egg product options and 1 “no
choice” option. The participants were required to make a preference
choice from these three options. Furthermore, to ensure the validity of the
data, a validation question has been added: “What is the sum of
100 + 100?” During data cleansing, questionnaires failing the validation
question was systematically excluded. Finally, 268 valid questionnaires
were obtained. The validity of the questionnaire is 95.71%.

Prior to completing identical shopping scene tasks and discrete
choice experiments as the experimental group, control group
participants received educational priming on the impact of global
warming and carbon emissions. They subsequently proceeded to the
choice tasks. To ensure the quality of the questionnaire, we have set up
two test questions: “Please choose ‘very dissatisfied” and “What is the

1 https://www.credamo.com/
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TABLE 3 Descriptive statistics of sample characteristics (sample
size = 568).

Variable Share of respondents %
(total sample)
Female 62.29
Age group (years): 0-20 5.63
21-30 40.27
31-40 41.64
41-50 9.22
51-60 2.73
Over 60 0.51
Income group (monthly): ¥ 4000 5.12
¥4,001-8,000 18.94
¥38,001-12,000 22.01
¥12,001-16,000 23.21
¥ 16,001 30.72

sum of 100 + 100?” After eliminating the 8 questionnaires with
incorrect answers, a total of 300 valid questionnaires were obtained.
The validity of the questionnaire is 98.36%.

Combining the two sets of data, a total of 568 valid samples were
obtained in this study, and the effective rate of the questionnaire reached
96.54%. The descriptive statistics of the survey samples are shown in
Table 3. Demographic profile showed 62.29% female, aligning with the
empirically documented proportion of primary decision makers in
Chinese household consumption. The proportion of those aged 21-30
was 40.27%, those aged 31-40 accounted for 41.64%, and those aged
41-50 accounted for 9.22%. The 21-50 cohort constitutes the largest
segment, aligning with China’s core economically active population as
documented by the National Bureau of Statistics. In terms of monthly
household income, 5.12% earn less than 4,000 yuan, 18.94% earn between
4,001 and 8,000 yuan, 22.01% earn between 8,001 and 12,000 yuan, and
23.21% earn between 12,001 and 16,000 yuan. These income tiers roughly
cover the range of middle and lower-middle-income families in China. It
can be seen from this that the sample of this study covers the main market
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of egg consumption and the most worth consumer groups to study, which
has certain representativeness.

2.3 Research model

2.3.1 Mixed logit model

Based on the principles of random utility and utility maximization,
this study uses a mixed logit model to analyze the choice experimental
data. The conventional logit model assumes fixed effects independent
variable across individuals, which overlooks substantial heterogeneity
in real-world behavioral responses. To better capture potential
heterogeneity at the individual level, we employed a mixed logit model.

As shown in Equation (1), The selection probability of consumer
nin the sample is:

Wz

Izjeﬁ’xw

Py= £(B)a(p) <1>

Where j represents the choice set; # can take on M possible values,
which are denoted as by, by,....byss f ( p ) signifies the probability
density function of S.

Pnjs:ISm

Zeﬂf (B)d(8) @

Where s,,, signifies the probability density function of /.
As shown in Equation (3), The log-likelihood equation of the
mixed logit model is as follows:

N J S
L= "% yujs In(Pys) ®)

n=1j=1s=1

Where ys is a column matrix, when ys = 1, indicated that the
sample consumer 1 chose the j option in the choice task s, when y,js=0
means that the sample consumer n has no choice. As shown in
Equation (2) Pyjs represents the selection probability of the choice model.

2.3.2 Estimation of willingness to pay

According to utility maximization theory, when faced with a set
of mutually exclusive egg combination options (i and j schemes), a
rational consumer n will make a choice decision that maximizes utility
based on product attributes and their heterogeneous preferences. As
shown in Equation (4), the utility achieved by choosing the i scheme
for consumer 7 can be expressed as follows:

Uni = Vi + €ni (4)

In the formula, V,,; represents a fixed utility that can be interpreted
by observed variables, while &,,; represents a random utility that serves
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as an unobservable error term. The decomposition of V,; into fixed
utilities attributed to price (p) and product label (x) allows us to derive
Equation (5), as follows:

Upi = Qi+ BuXni + Eni (5)

In the formula, @ and ﬂ,;represent the marginal utility of the
attribute, reflecting the preference of each consumer #. The willingness
to pay for egg label attribute by sample consumer # is denoted as @,
. Following the research of Gao et al. (2019), by further decomposing
Vi into fixed utilities attributed to price (p) and product label (x),
we can derive Equation (6), as follows:

'

__b
o= ©)

3 Results

3.1 Consumer preference and willingness
to pay for carbon-labeled eggs

We surveyed and investigated the attributes that consumers
prioritize when purchasing eggs. Figure 2 presents the descriptive
statistics. The combined proportion of “highly concerned” and
“moderately concerned” responses, it showed that price emerges as
the primary concern for consumers. For price attribute, the
combined proportion of “highly concerned” and “moderately
concerned” responses reached 80.6%. Organic certification
attributes elicit exceptionally high concern levels among
consumers, with 21.3% of consumers expressing a “highly
concerned” and 51.7% indicating “moderately concerned”
Furthermore, consumers exhibit heightened concerns regarding
antibiotic-free labels, with 31.3% expressing “highly concerned”
and 41.2% indicating “moderately concerned” about attributes of
antibiotic-free labels. Among all the attributes, consumers exhibit
relatively lower levels of concern toward the carbon label, with
15.6% expressing a high level of concern and 29.4% indicating a
moderate level of concern.

The mixed logit model is employed in this study to estimate the
survey data and examine consumer preferences for carbon-labeled eggs.
The statistical findings are presented in Table 4. The mixed logit model
yielded a Log-likelihood value of —1235.09, indicating considerable
goodness-of-fit relative to baseline specifications. As illustrated in
Model 1 of Table 4, consumers exhibited significant preferences for egg
with organic certification, omega-3 enriched labels, selenium-enriched
labels, antibiotic-free labels, low-carbon labels, traceability labels, and
price. Among them, significant positive coefficients for organic
certification, omega-3 enriched, selenium-enriched, antibiotics-free and
traceability (all p <0.001) indicate consumers exhibit systematic
preferences for egg produced with organic certification, enriched
nutritional value, antibiotics-free attributes, and traceability. The
statistically significant negative coefficient for price confirms consumers’
utility-decreasing perception of this attribute, demonstrating a
systematic preference for lower-priced egg. Concurrently, the negative
utility coefficient for carbon label attribute indicates consumers actively
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FIGURE 2
Consumers’ attention to the seven attributes.

TABLE 4 Estimation results of parameters in the mixed logit model.

Attributes Model 1 Model 2 Model 3 Model 4
0.970%** 0.969%** 0.950%%* 0.9507%**
Organic certification (0.068) (0.068) (0.068) (0.069)
0.263%*%* 0.264%** 0.271%%* 0.271%**
Omega-3 enriched labels (0.061) (0.061) (0.061) (0.061)
0.264%** 0.250%** 0.2427%%% 0.242%%*
Selenium-enriched label (0.063) (0.062) (0.063) (0.063)
0.486%+** 0.481%%* 0.464%+%* 0.465%**
Antibiotic-free labels
(0.078) (0.078) (0.078) (0.078)
—0.115%** —0.171%#%* —0.596%** —0.512%%%*
Carbon labels (0.047) (0.055) (0.133) (0.160)
0.159%%* 0.169%** 0.214%%* 0.214%%%
Traceability labels (0.070) (0.070) (0.072) (0.072)
—0.264%** —0.265%%* —0.270%** —0.271%%*
Price (0.043) (0.043) (0.043) (0.043)
0.139%* 0.119%* 0.114*
Carbon labels x Female (0.070) (0.071) (0.071)
0.128%%* 0.138%**
Carbon labels x Age (0.036) (0.038)
—0.030
Carbon labels x Income (0.032)
Number of observations 4,208 4,208 4,208 4,208
Log Likelihood —1235.0874 —1233.1133 —1226.8228 —1226.378

Carbon labels x Female refers to the interaction term of carbon labels and gender intervention. Carbon labels x Age refers to the interaction term of carbon labels and age intervention. Carbon

labels x Income refers to the interaction term of carbon labels and income intervention. *, *#, **# Indicate statistical significance at the 10, 5 and 1% level separately. Standard errors in

parentheses.
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avoid carbon-intensive products, demonstrating a systematic preference
for low-carbon alternatives. The impact of attribute level on consumer
decision-making can be quantified by considering the magnitude of
coeflicients. The estimated coefficients are ranked as follows: organic
certification > antibiotic-free labels > Omega-3 enriched > Price >
Selenium-enriched > traceability labels > carbon label. Specifically,
consumers demonstrate a heightened level of attention toward organic
certification when making purchases of eggs, followed by antibiotic-
free labels.

To further explore the heterogeneity of consumers’ willingness to
pay for carbon-labeled eggs, we incorporated an interaction term
between consumers’ inherent characteristics and attributes related to
carbon labeling into our model. Models 2-4 interact basic statistical
characteristics such as gender, age, and income with carbon label
attributes respectively, and the estimated results are shown in Table 4.
After incorporating interaction terms, variables including organic
certification, selenium-enriched, Omega-3 enriched, traceable labels,
and antibiotic-free labels retained statistically significant effects in the
model. The results obtained from this updated model demonstrate a
high level of congruence with those derived from our previous analysis.
The gender interaction term in Model 2 exerted a statistically significant
positive influence on consumer choice probabilities, with a significance
level of 5%. Specifically, female consumers demonstrate a stronger
inclination toward carbon labels in comparison to their male
counterparts. The age interaction term in Model 3 exerted a statistically
significant impact on consumer choice at the 1% significance level.
Specifically, younger consumers exhibit significantly stronger
preferences for carbon labeling compared to older counterparts. In
Model 4, the income interaction term failed to attain statistical
significance, indicating no heterogeneity in carbon labels preferences
across income cohorts. These findings reveal significant heterogeneity
in preferences for carbon label attributes, with younger consumers and
females exhibiting substantially higher perceived utility for carbon label.

By integrating the outcomes of the mixed logit model, it becomes
feasible to calculate the willingness to pay for each attribute associated
with the egg. Table 5 shows the estimated values of willingness to pay
for each attribute. The willingness to pay for organic certification is the
highest at 3.668, indicating that consumers are strongly willing to pay
additional fees for organic eggs. The willingness to pay for omega-3
enriched labels and selenium-enriched labels were 0.994 and 1.002,
respectively. And consumers were willingness to pay a small premium
for these nutritionally fortified attributes. The willingness to pay for
antibiotic-free labels was 1.836, indicating a moderate level of
willingness to pay. The willingness to pay for the carbon label is —0.436.
Due to the assignment of carbon levels (low carbon =1, medium

10.3389/fsufs.2025.1569674

carbon =2, high carbon = 3) and a negative willingness to pay, it
indicates that consumers have a significant negative preference for high-
carbon products and may request discounts. The willingness to pay for
traceability labels is 0.603. Consumers are willing to pay a small amount
of additional money, but their willingness is relatively low. The
willingness to pay for all attributes was significant at the 95%
confidence level.

3.2 Global warming information interferes
with consumer preferences

To examine the impact of global warming information on consumer
preferences, we conducted an additional experiment involving a total of
300 participants, this additional experiment is the control group described
above. In the choice experiment, participants first review global warming
information (as shown in Figure 3), rated their level of concern regarding
carbon emissions, then completed the task of choice sets.

In this study, we utilized the mixed logit model to assess and compare
the disparities observed between the experimental group and the control
group. The research findings are presented in Table 6. The study
demonstrates that the carbon label attribute exerts a significant impact on
consumer preference, regardless of its presence in either the experimental
group (model 1 in Table 6) or the control group (model 5 in Table 6).
Compared to the experimental group, the control group demonstrated
significantly stronger coefficients for carbon-labeled egg, suggesting that
information intervention may enhancement consumers purchase
intention toward carbon-labeled egg. Furthermore, the comprehensive
model for the entire sample exhibits a statistically significant coefficient at
a 1% significance level when incorporating the interaction term between
information intervention and carbon label attribute (as shown in model
6). This finding further reinforces the evidence that consumers exhibit an
enhanced willingness to pay for carbon labels to some extent following
information intervention.

4 Conclusion and implications

The carbon labeling system in China, particularly for food
products, remains in its early stage, with limited research on Chinese
consumer attitudes toward food carbon labels. This study employs a
mixed logit model to examine the preferences and willingness to pay
for carbon label eggs of Chinese consumers. Moreover, this study
delves into the heterogeneity of preferences and examines the impact
of information intervention on consumer preference.

TABLE 5 Estimation of consumers’ willingness to pay for each attribute of carbon-labeled eggs.

Attributes Willingness to pay 95% Conf. interval
Organic certification 3.668 [2.351, 4.985]
Omega-3 enriched labels 0.994 [0.369, 1.620]
Selenium-enriched labels 1.002 [0.479, 1.524]
Antibiotic-free labels 1.836 [1.121, 2.551]
Carbon labels —0.436 [—0.806, —0.065]
Traceability labels 0.603 [0.046, 1.160]
95% confidence intervals appear in squared brackets.
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What do you know about global warming?

O The excessive release of warming gases is what causes global warming. Agriculture
constitutes a substantial contributor to greenhouse gas emissions, accounting for
approximately 16-27% of total anthropogenic emissions.

i oy pama

O Polar animals face extinction, according to the latest research from the British Antarctic
Survey, if we keep emitting greenhouse gases at the current rate, it's predicted that a
whopping 99% of emperor penguins will be in danger of extinction by 2100.

O Global warming harms plants, causing a plant crisis. Bananas, kelp, tea, coffee, and
chocolate (cacao beans) will disappear the global temperature continues to warm.

O Global warming will do harm to human health. It can lead to decreased sleep quality in
humans, increased disease transmission and morbidity, and increased risk of skin cancer

O The carbon label is like a tag that tells consumers how much carbon footprint a product
or service has. It shows the amount of greenhouse gas emissions and helps us compare
different products to choose ones with lower emissions. This way, we can reduce CV

impact on climate change by choosing greener options.

FIGURE 3
Information card shown to the control group with information intervention.

TABLE 6 Estimation results of parameters in the mixed logit model.

Attributes Total sample Model 1 Model 5 Model 6
0.720%** 0.970%** 0.371%%* 0.675%#*
Organic certification (0.044) (0.068) (0.073) (0.045)
0.1227%%% 0.263%*% 0.144%* 0.197%%*
Omega-3 enriched labels (0.043) (0.061) (0.071) (0.044)
0.247%%* 0.264%** 0.250%%* 0.1927%#*
Selenium-enriched label (0.043) (0.063) (0.070) (0.044)
0.330%** 0.486%** 0.180%** 0.290%**
Antibiotic-free labels
(0.045) (0.078) (0.070) (0.047)
—0.426%** —0.115%%* —0.905%%* —0.015
Carbon labels (0.029) (0.047) (0.049) (0.040)
0.157%** 0.159%** 0.484 % 0.369%#*
Traceability labels (0.043) (0.070) (0.072) (0.047)
—0.2517%%% —0.264%#%* —0.273%#% —0.278%#%
Price (0.024) (0.043) (0.033) (0.025)
—0.911%%*
Carbon labels x lin (0.063)
Number of observations 8,434 4,208 4,226 8,434
Log Likelihood —2548.5678 —1235.0874 —1175.507 —2435.0376
Carbon labels x Iin refers to the interaction term of carbon labels and information intervention. *, **, *#* Indicate statistical significance at the 10, 5 and 1% level separately. Standard errors in
parentheses.
4.1 Conclusion and discussion conclusions (Ochs et al., 2018; Rondoni et al., 2020). Eggs with organic

certification and antibiotic-free labels are the top choice for Chinese

Our study has revealed some key preference patterns of Chinese ~ consumers, which indicates that consumers are most concerned about

consumers when purchasing eggs. The following are the detailed  food safety when purchasing eggs. Meanwhile, the attribute of eggs

conclusions and discussions. containing Omega-3 is more important than the price factor, which

First, what Chinese consumers value most is the food safety =~ means that when consumers perceive definite health benefits, they are
information of eggs, which is consistent with previous research  willing to pay a higher price for it.
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Second, the carbon label is a novel food labeling scheme
introduced, which reflects the carbon emissions during the food
production process. This paper confirms that the carbon label has
a certain appeal to respondents and can positively influence
Chinese consumers’ willingness to purchase eggs, which is
consistent with the results of earlier studies on other carbon-
labeled foods. However, compared with food safety and health

»

certifications such as “organic,” “traceable,” and “antibiotic-free,”
the estimated impact of the carbon label is the lowest. Consumers
are willing to pay a premium for low-carbon eggs, but the estimated
value of their willingness to pay is much lower than that of other
attributes. There are two possible reasons for this phenomenon. On
the one hand, labels such as organic certification or antibiotic-free
certification are directly associated with personal health benefits,
which is a strong self-interested motivation, while the carbon label
is associated with public environmental benefits, which is an
altruistic motivation, and its benefits are long-term, macroscopic,
and non-exclusive. On the other hand, the carbon label system in
China is still in its early stage of development. Consumers’ trust in
carbon labels can affect their willingness to pay (Xu and Lin, 2021).
Consumers generally face information asymmetry and find it
difficult to distinguish the authenticity and effectiveness of carbon
labels, worrying that enterprises may use “carbon labels” for
“greenwashing” marketing. Based on this, thereby suppressing
their willingness to pay.

Third, the research results show that Chinese consumers’
preferences for eggs with carbon labels are not uniform. Female and
younger consumer groups show a stronger willingness to pay a
premium for eggs with carbon labels. This difference may stem from
the higher attention these groups pay to environmental issues or their
faster acceptance of emerging sustainable concepts. As the research
results of Dhenge et al. (2022) show, female consumers are more
sensitive to carbon labels, and younger consumer (Xu and Lin, 2021)
are more willing to pay a premium for carbon-labeled products.

Furthermore, the dissemination of information about carbon
emissions and the significance of carbon labels augments consumers’
propensity to pay a premium for products featuring carbon labels.
This has confirmed the power of information. When consumers
understand the “story” behind carbon labels and their connection
with environmental protection, their willingness to pay will increase.
This highlights the core role of consumer education and transparent
communication in promoting sustainable consumption.

4.2 Implications

The study presents several policy implications that can be derived
from the analysis.

Firstly, the findings of this study demonstrate that attributes such
as organic production methods, absence of antibiotics, and richness
in omega-3 fatty acids are associated with a higher willingness to pay
compared to other attributes (such as price, selenium-enriched, and
traceability). Therefore, to enhance egg value added, agri-food
enterprises should prioritize obtaining organic certification, antibiotic-
free labels, and Omega-3 enriched labels. Although consumers
demonstrate a certain degree of willingness to pay a premium for
attributes such as traceability labels and carbon labels, their inclination
to do so remains relatively modest. Furthermore, the extent of
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willingness to pay for carbon labels also varies depending on the level
of reduction achieved in carbon footprint. Therefore, manufacturers
must meticulously manage the associated costs of carbon footprint
accounting while pursuing certification for low-carbon egg products
and reasonably determining their prices. This approach will effectively
incentivize consumer purchases.

Secondly, enhancing evidence-based dissemination of carbon
labels and elevating consumer awareness of its salience is imperative.
Our findings indicate that pre-experimental exposure to global
warming risks information coupled with carbon label information
significantly enhances consumer preference for carbon-labeled egg.
Additionally, the survey findings unveiled that a substantial proportion
(48.67%) of the respondents demonstrated limited familiarity with
carbon labels, indicating constrained awareness of carbon labeling
among Chinese consumers. Therefore, enhancing consumer
comprehension of carbon labels constitutes a primary prerequisite for
advancing a comprehensive carbon labeling system. Relevant
government departments and food enterprises should proactively
disseminate information regarding carbon labels and low-carbon
agricultural products through various channels such as social media
platforms, supermarkets, TV broadcasts, and other mediums. This
initiative must highlight their environmental co-benefits, particularly
carbon footprint reducation mechanisms, to enhance consumer
awareness of their ecological significance. This will effectively
stimulate the adoption of low-carbon consumption behaviors.

Third, a differentiated strategy should be adopted for the
introduction of low-carbon eggs into the market. Our findings of this
study indicate that younger and female consumers exhibit a higher
willingness to pay a premium for low-carbon eggs. Therefore, food
enterprises involved in the production of carbon-labeled eggs should
initially target female and young consumers to encourage their
acceptance and purchase of low-carbon eggs. This strategy will
generate peer influence effects, amplifying adoption rates of carbon-
labeled food products through social networks. Consequently, it
accelerates market expansion for low-carbon food products while
synergistically a pro-environmental brand image grounded in
verifiable sustainability credentials.

Finally, it is crucial to prioritize and facilitate the advancement of
carbon labeling standards specifically tailored for food. This study
demonstrates that a subset of surveyed consumers exhibit a willingness
to pay an additional premium for eggs with low-carbon attributes,
indicating a strong foundation for expediting the establishment of a
comprehensive low-carbon labeling framework within the agricultural
sector. The government should gradually incentivize relevant
departments, industries, breeding enterprises, and processing facilities
to adopt internationally recognized carbon labeling standards while
continuously enhancing the evaluation and certification system
associated with carbon labeling.

5 Limitation and future prospects

This several limitations. First, the

disproportionately represented urban populations; future research

study has sample
should prioritize larger rural consumer cohorts. Second, while the
discrete choice experiment simulated short-term decisions, it failed to
capture long-term consumption dynamics where habitual behaviors
dilute labeling effects. Mobile-based consumption diaries tracking
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repeat purchases of carbon-labeled eggs could elucidate persistent
behavioral patterns. Finally, exclusive use of traffic-light carbon labels
overlooks the impact of alternative formats; subsequent work should
examine moderating effects of label types (e.g., numerical formats vs.
carbon-reduction pledge labels) and certification sources (government
vs. third-party).
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