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Abstract

:

The effectiveness of sugar labeling depends not only on direct sugar reduction but also on the extent to which compensatory eating occurs. This study focuses on the use of sucrose grade labels in the Chinese market to investigate not only consumers’ willingness to pay (WTP) for different sucrose labels but also the consistency of their sugar control behavior when confronted with unlabeled processed foods. The findings reveal that consumers are willing to pay approximately 4%, 7%, and 7% more for yogurt labeled as “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes”, respectively, compared to yogurt labeled as “regular sucrose.” Furthermore, when subsequently presented with unlabeled toast, a significant proportion of consumers who initially chose “no sucrose” yogurt continued to select wholewheat toast, which contains less sugar than white and coconut toast. This indicates their commitment to maintaining their sugar control behavior. The study provides valuable experimental evidence for researchers, food manufacturers, and policymakers regarding the efficacy of sucrose grade labels. In particular, it offers policymakers insights into guiding consumers to promote sustainable healthy diets.
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1. Introduction


Sugar labeling has been implemented worldwide as a policy tool to discourage excessive sugar consumption with adverse health consequences [1]. Labels aim to increase consumer’s awareness and understanding of added sugars and to guide them to choose sugar-reduced products [2,3,4]. However, the effectiveness of food labels, such as sugar labeling, depends on the extent to which compensatory eating occurs [5]. If consumers who choose sugar-reduced foods still consume other high-sugar products after labeling interventions, sugar intake will not decrease, and labeling will not be effective.



Most studies on sugar labeling have been conducted in Western dietary countries with high-sugar diets, which is lacking in China. However, driven by rapid economic growth and drastic dietary changes, excessive sugar consumption in China is also becoming a notable problem. The average daily intake of added sugar (mainly sucrose, namely “white sugar” and “brown sugar”, etc.) in China is about 30 g, while the WTO and Chinese dietary guidelines recommend an intake of less than 25 g [6]. Overconsumption of added sugars can lead to a high public health burden. Medical literature shows that consumption of added sugars is strongly associated with obesity, type 2 diabetes, and other related diseases [7]. Currently, 11.2% of Chinese adults had diabetes in 2020, an increase of 10.53% since 1980 [8], higher than the global diabetes rate of 10.5% [9]. The overweight rate has also increased from 26.6% in 1993 to 41.3% in 2015 [10].



To address this situation, the introduction of sugar labeling on packaged foods in China is one of the necessary measures. In the “Healthy China Action (2019–2030)”, the Chinese government proposed the mandatory labeling of sugars such as sucrose and encouraged the use of claims for sugar-reduced foods [6]. Compared to the WHO guideline to control the intake of free sugars, which includes sugars added by the manufacturer, cook, or consumer, and sugars naturally present in honey, syrups, fruit juices, and fruit juice concentrates [11], the Chinese guideline focused more on added sugars in free sugars, especially sucrose. It is not mandatory for the whole industry at present; mainly, companies voluntarily post relevant information, which is worth further research.



This study is the first to evaluate the effect of sucrose grade labels in China, including “regular sucrose”, “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” (in this study, we used “sucrose” to refer specifically to the added sugar in yogurt. It is important to note that traditional yogurt is made from milk and naturally contains lactose, a type of sugar. Our study focuses on added sugars, so we use “sucrose” to distinguish between naturally occurring lactose and added sucrose). The last three labels can be categorized into two main ways for food companies to produce sugar-reduced foods: by directly reducing sucrose or by using substitutes instead [6]. Consumer preference for these two options is important for retailers and food manufacturers. Therefore, yogurt was chosen as the subject of our study. First, compared to most sugar-sweetened beverages (SSBs), sucrose-reduced yogurt is more commonly produced in these two ways [12] (e.g., diet cola tends to use sugar substitutes, while fruit juice is generally reduced directly). Second, apart from table sugar (28.2%), sugary yogurt (21.9%) is the food with the highest contribution to sugar intake among urban Chinese [13], which is easily overlooked due to its health halo.



A two-stage experiment was designed to investigate consumer response to sucrose graded labels. The first stage focused on eliciting consumers’ willingness to pay (WTP) for sucrose graded labels. The second stage focused on their subsequent behavior in the absence of labels, specifically whether they compensated or maintained their sugar intake. This study is intended to address some of the concerns raised by some academics about compensatory eating and to provide additional valuable experimental evidence for policymakers to consider when evaluating the effectiveness of sugar labeling and even other dietary intervention strategies.



The rest of this paper is organized as follows. In section two, we discuss the existing research about sugar labeling and compensation and present our research hypotheses. Section three introduces the research method. Section four presents the empirical results. Section five presents policy implications and conclusions.




2. Literature Review


Nudge policies are gaining popularity worldwide as a means of influencing individuals’ decision-making processes by altering their potential responses to available options [14]. These policies are often used to promote healthy eating habits and can be classified as nudges that target cognition, affect, or behavior based on mental activity [15].



Sugar labeling is a common example of a cognitive nudge, which informs consumers about the sugar content or grade of a product to reduce excessive sugar intake [16]. Previous studies have mainly focused on traditional labeling, such as warning labels or sugar content information for high-sugar foods and beverages. These labels have been found to make consumers aware of the health risks of such products and help them reduce their consumption of high-sugar products [17,18,19].



Few studies have examined the labeling of sugar-reduced foods, such as “low-sugar”, “no-sugar” or “sugar substitute” [20]. It is worth noting that these labels not only represent different sugar content but also taste with different sweetness. Taste hedonics have a significant impact on food preferences and choices [21]. Consumers may prefer unhealthy products, despite recognizing their costs, because the resulting pleasure and utility may outweigh their concerns about potential health problems [22]. Therefore, despite previous studies showing that health and nutritional benefits have become an important factor in consumers’ food choices [23,24,25], it remains unknown whether consumers are willing to pay for labeled sugar-reduced products.



It is also important to consider the potential for spillover effects when designing policies to guide sugar consumption. For example, even after being influenced by labeling interventions, consumers who choose sugar-reduced foods may still consume other sugary snacks to compensate [5]. One possible explanation for this is that changing unhealthy behaviors through policy interventions can be challenging because consumers often persist in their dietary habits [26]. Diet acts as a memory, and once people’s eating habits are formed, they are often maintained for life [27]. In addition, dieters appear to have a more hedonic food orientation and tend to make palatable food choices unconsciously [28]. Even with conscious control, lack of knowledge makes it difficult for consumers to estimate added sugar content when faced with certain unlabeled foods [4].



In particular, sugar, unlike ordinary foods, is a substance that releases opioids and dopamine, and thus might be expected to have addictive potential [29]. Frequent exposure to high levels of sugar may enhance neural reward responses to palatable foods, leading to a dependence on consumption that is similar to substances of abuse and therefore difficult to stop [30,31]. After a period of sugar withdrawal, some people give in to a craving and end up consuming more sugar than they normally would. In all groups, young people are highly influenced by the food environment, and food addiction is more prevalent in the age group between 18 and 29 age group [32]. A study of a sample of college students found that more participants in the food addiction group reported that they should eat less sugary foods (96.7%) than those in the food addiction group without food addiction problems (55.5%). Participants who reported that they should eat less sugary foods were more likely to be in the food addiction group [33].



However, such spillover effects are rarely considered in studies of nudge policies. Most studies have focused only on examining the effects of nudge interventions on initial behavior change, without considering the issue of subsequent compensatory behavior. Downs et al. studied calorie labeling and suspected that those who consumed fewer calories as a result of the calorie labeling might later eat more at dinner [34]. Despite this concern among some scholars, no empirical studies have been conducted. In contrast to nudge policies, spillovers have been considered for the sugar tax, another intervention strategy for sugar. A related study found that a sugar tax may reduce consumption of SSBs, but cross-border shopping and switching to tax-exempt SSBs may mitigate this effect [35].



Therefore, using sugar labeling as a proxy for nudge policy, this study examines Chinese consumers’ preference for yogurt with sugar labeling and toast without sugar labeling to assess the consistency of consumers’ sugar control behavior. It contributes not only to the literature on the labeling of sugar-reduced foods but also to the spillover effects of the nudge policy.




3. Materials and Methods


3.1. Survey Design


To investigate the impact of sucrose grade labels on consumer behavior, this study focused on yogurt, which is the second largest source of sugar intake for urban Chinese [13]. Four sucrose grade labels were selected to represent different sucrose contents: “regular sucrose”, “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes”. To minimize the potential bias caused by regional dietary culture differences, the specific gram amount of sucrose was indicated after each label (Figure 1). The sucrose concentrations were determined based on three levels: 8%, 4%, and 0% added sugar, representing regular, low, and no sucrose levels, respectively. Traditional yogurt typically contains an additional 5% to 10% sucrose [12,36], hence the selection of 8% as the regular level. The 4% and 0% concentrations were chosen in accordance with the GB 28050-2011 National Food Safety Standard General Rules for Nutrition Labeling of Prepackaged Foods in China (the requirements for nutrient content claim showed that products with “sugar-free or sugar excluded” claim should be ≤0.5 g/100 g (solid) or 100 mL (liquid), and products with “low sugar” claim should be ≤5 g/100 g (solid) or 100 mL (liquid)). The purposeful blurring of the yogurt images in Figure 1 is to eliminate the potential influence of brand recognition on the participants’ assessments.



The contingent valuation method (CVM) using payment cards was employed to assess consumers’ willingness to pay (WTP) for yogurt with different sucrose grade labels. This method was chosen due to its ability to address issues related to zero observations and initial bid numbers that are present in other CVM approaches [37]. In this study, hypothetical products were represented by 100 g of plain yogurt, which is commonly found in the refrigerated section of supermarkets. Respondents were asked to select a price interval that best represented their WTP for each yogurt. Considering that the average price of yogurt in China is CNY 2.08 (when the survey was launched on 1 February 2023, the central parity rate of China’s foreign exchange market was CNY 6.7492 for USD 1 and CNY 7.3318 for EUR 1) per 100 g [38] and that sucrose-reduced yogurt often commands a higher price premium in the market, the price interval was set from CNY 0.00 to CNY 8.00. The payment card design involved presenting respondents with initial price intervals of CNY 1.00, followed by subsequent intervals based on their initial choice to narrow the range down to CNY 0.10 intervals [39] (Figure 2).



In the second stage of the experiments, an examination was conducted to determine whether there was any compensatory eating behavior following the selection of sucrose-reduced yogurt. Participants who indicated the highest willingness to pay (WTP) for any of the four yogurt options were then presented with a choice of pairing that yogurt with toast for breakfast. The available toast options included wholewheat, white, and coconut toast (Figure 3). It is widely recognized that wholewheat toast is a healthier choice with lower sugar content compared to white toast or coconut toast [40]. Consequently, if a participant opted for wholewheat toast after expressing the highest WTP for any of the “low sucrose”, “no sucrose”, or “no sucrose with sugar substitutes” yogurts, it was inferred that they exhibited consistency in their sugar control behavior.



To test the influence on consumers’ sugar intake, this study considered the following variables: sociodemographic, consumption and lifestyle habits, diet-related health consciousness, and attitudes and knowledge about sugar reduction. Sociodemographic variables included age, gender, monthly living expenses, BMI, and household registration. Consumption habits were assessed by the frequency of yogurt consumption in the past week. Lifestyle questions included frequency of physical activities, smoking, alcohol consumption, diabetes, dieting, or weight loss. Diet-related health consciousness (Cronbach’s α = 0.811) and attitudes toward sugar reduction (Cronbach’s α = 0.930) were measured by a series of five-point Likert scale questions [16,41]. Knowledge of sugar reduction was measured by five true/false questions [41].




3.2. Data Collection


This experiment was conducted at a university in February 2023. University students were chosen as the sample because of the following characteristics: First, compared to others, university students have more autonomy and independence in food choices [42], which may reduce bias due to family-level influences (e.g., consider parents or children when choosing) on the statistics. Second, compared to their elders, the younger generation is more influenced by the westernization of diets, and their sugar consumption is higher than the national average [43,44], which is of particular concern and deserves more attention. In addition, these findings occur during “emerging adulthood” [45], and these behaviors may persist into later adulthood [46,47]. Studying their current consumption habits and behaviors will provide policy insights for reducing sugar consumption in response to healthy eating in the future. Therefore, studying behavioral health interventions during this period is important to predict future trends and reduce the risk of adverse health outcomes later in life [48].



To collect data, 2000 invitation cards were randomly distributed throughout the school, offering students the opportunity to complete the questionnaire by scanning a QR code using WeChat, as described by [49]. In order to enhance data quality, a cheap talk script was used before conducting the contingent valuation method (CVM) [50]. This script was designed to mitigate hypothetical bias by giving the following instructions to participants: “Results from previous surveys have shown that people’s willingness to pay is higher than their actual willingness to pay for the product in the store, which is known as ‘hypothetical bias’. To avoid ‘hypothetical bias’, we ask you to answer each of the following preference questions exactly as you would if you were in a real store and had to pay for your choice. And remember that if you buy a product, you will have less money available for other purchases. Your choice is very important to the study and your cooperation is appreciated”. In addition, a validation question with a predetermined correct response was included in accordance with the methodology employed [51]. The responses that deviated from the given answer were considered unreliable and excluded from the analysis. Ultimately, a total of 953 students participated in the study, with 892 responses deemed valid for further analysis. All statistical analyses were performed using Stata software (17.0, Stata Corp, College Station, TX, USA).




3.3. Econometric Model


Since the payment card choices are in the form of price intervals, we assume the true value of   W T P   by calculating the midpoint of the interval [37]. Specifically, respondents’   W T P   for yogurt is estimated as follows:


  E   W T P   = ∑  P i  ∗  W i   



(1)




where      W i    represents the  i th price interval chosen by the respondent, and    P i    is the probability that this respondent chooses the price interval    W i   .



After estimating   W T P  , due to the lack of homogeneity of variance in the data, Kruskal–Wallis tests are used to examine whether there exists a significant difference in consumers’   W T P   among the four sucrose grade labels.



In addition, to investigate the effect of the influencing factors on   W T P  , we use the ordinary least squares (OLS) estimation and perform robustness tests by using the Tobit model. The OLS model is set up as follows:


   y i    = α +  X i  β +  μ i       



(2)




where    y i    represents the   W T P   of consumer  i , and    X i    contains explanatory variables such as attitudes, knowledge, habits, and demographic characteristics. Thus, the estimated  β  represents the effect of    X i    on    y i     .



When the variable to be explained is binomial, the logit model is widely used for analysis [52]. Thus, we use the logit model to investigate the factors that influence the consistency of sugar control behaviors. The distribution probability of binary variables is as follows:


        P   y = 1 | x   = F   x , β         P   y = 0 | x   = 1 − F   x , β          



(3)







If the cumulative distribution function   F   x , β     is a logistic distribution, the logit model is built as follows:


  P   y = 1 | x   = F   x , β   = Λ    x ′  β   =   e x p    x ′  β     1 + e x p    x ′  β      



(4)







After MLE estimation, the probability density of the  i th observation value is as follows:


  f    y i  |  x i  , β   =       Λ    x ′  β            y i  = 1         1 − Λ    x ′  β            y i  = 0          



(5)




where    y i    indicates whether the ith respondent is consistent with sugar control, and the remaining variables are the same as in the OLS model.





4. Results


4.1. Data and Descriptive Statistics


Table 1 provides a statistical description of our data. Specifically, the sample included 18–24-year-olds, with 43.95% male and 56.05% female, and the gender ratio was similar to that of students at colleges and universities nationwide (50% for each gender) [53]. In terms of monthly living expenses, 8.30% spent CNY 1000 or less, 34.64% spent CNY 1001–1500, 40.13% spent CNY 1501–2000, 14.35% spent CNY 2001–3000, and 2.58% spent CNY 3001 or more; the distribution of university students in China is 22.34%, 39.78%, 22.45%, 10.42%, and 5.01%, respectively [54]. In terms of BMI, 585 (65.58%) respondents were of normal weight, 108 (12.11%) were overweight, and 51 (5.72%) were obese. Over half of the sample (56.73%) were from urban areas, and the remaining 43.27% were from rural areas. In addition, 230 (25.78%) respondents were on a weight loss diet, and 10 (1.12%) respondents were diabetic.



In terms of consumption and lifestyle, most of the respondents consumed yogurt 1–2 times in the past week, accounting for 50.45% of our sample. The majority of respondents exercised 1–2 times or not at all in the past week, 76.79% in total, with a relatively low frequency of exercise. A total of 95.07% of the students never smoked. And the frequency of alcohol consumption was mainly concentrated in “Never” (57.40%) and “Once in a while” (41.93%), which is relatively healthy overall.



As for diet-related health consciousness, the average score was about 4.112, indicating that the respondents have a relatively high dietary health awareness. The mean scores for knowledge and attitude of sugar control were 3.130 and 4.160, respectively. This indicates that the respondents have a positive attitude toward sugar control, but their related knowledge is still insufficient.



The frequency distribution of the respondents’ choices is shown in Figure 4. The respondents’ WTP modes for “regular sucrose” and “low sucrose” yogurt are in the range of CNY 3.00–4.00, and the WTP modes for “no sucrose” and “no sucrose with sugar substitutes” yogurt are in the range of CNY 4.00–5.00. Compared with “regular sucrose” and “low sucrose” yogurt, the distribution of two types of “no sucrose” yogurt is more in the range of CNY 0.00 and CNY 7.00–8.00; that is, they are not willing to purchase the two types of yogurt, or they are willing to pay the highest price.




4.2. Statistics of WTP


Table 2 reports the WTP calculated using Equation (1). The respondents were willing to pay CNY 3.66, CNY 3.80, CNY 3.92, and CNY 3.92 for the “regular sucrose”, “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurts, respectively. The result indicates that consumers are willing to pay about 4%, 7%, and 7% more for “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurt compared to “regular sucrose” yogurt. This result is consistent with the prediction made in the previous study [38]. In addition, the results of Kruskal–Wallis tests show that consumers’ WTP differs significantly among these labels.



Furthermore, the results of the pairwise K-W test showed that consumers’ WTP for “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurt was significantly higher compared to “regular sucrose” yogurt (at the 10%, 1%, and 11% significance levels, respectively). Consumers’ WTP for “no sucrose” and “no sucrose with sugar substitutes” yogurt was significantly higher than for “low sucrose” yogurt. Meanwhile, there was no significant difference between WTP for “no sucrose” and “no sucrose with sugar substitutes” yogurt, indicating that consumers may value the reduction in sucrose more than the potential change in taste resulting from the use of sugar substitutes.




4.3. Influencing Factors of WTP


Table 3 reports the estimation results of WTP for different sucrose grade labels by using OLS.



The results of the study indicate that respondents’ socioeconomic characteristics play a significant role in their WTP for yogurts with different sucrose grade labels. Specifically, women had a lower WTP for “regular sucrose” yogurt, but a higher WTP for “no sucrose” and “no sucrose with sugar substitutes” yogurt compared to men. Moreover, BMI status also influenced WTP, with normal-weight students showing a lower WTP for “regular sucrose” yogurt, while overweight students showed a higher WTP for “no sucrose” yogurt. Students from rural areas exhibited a lower WTP for “no sucrose with sugar substitutes” yogurt. In addition, respondents’ WTP for all types of yogurts increased in tandem with their monthly living expenses.



The analysis also reveals associations between respondents’ lifestyle habits and their WTP for yogurts with different sucrose grade labels. Specifically, as the frequency of exercise increased, respondents’ WTP for both “regular sucrose” and “low sucrose” yogurt decreased. Students with diabetes had a significantly lower WTP for “low sucrose” yogurt.



Moreover, respondents who were trying to lose weight showed a higher WTP for “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurts. The analysis demonstrated that when respondents were actively engaged in weight loss, their WTP for “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurts increased by CNY 0.26, CNY 0.47, and CNY 0.52, respectively. In addition, smoking frequency had a negative effect on respondents’ willingness to pay WTP for both “low sucrose” and “no sucrose” yogurts.




4.4. Consistent Sugar Control Behavior and Influencing Factors


To investigate the potential compensatory behavior of consumers who opt for sucrose-reduced yogurt, 706 respondents were retained in the sample who showed strict preferences for sucrose grade labels in the last stage, as they were only willing to pay the highest WTP for one of the four labels. The number of respondents in the regular sucrose, low sucrose, no sucrose, and no sucrose with sugar substitutes groups were 160, 98, 146, and 302 respectively. Compared to consumers of “regular sucrose” yogurt, a higher proportion of consumers of “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurt opted for wholewheat toast, while the proportion choosing white toast decreased (Figure 5).



The correlation between consumer preference for yogurts with different sucrose grade labels and toast has been shown in Table 4. The preference for “regular sucrose” yogurt was positively associated with the preference for white toast, whereas it was negatively associated with the preference for wholewheat toast. On the other hand, the preference for “no sucrose” yogurt was negatively associated with the preference for white toast, but positively associated with a preference for wholewheat toast.



Table 5 presents the results of a logit model that examines the factors that influence consistency in sugar control behavior. If a respondent chose wholewheat toast after indicating the highest WTP for one of the “low sucrose”, “no sucrose”, and “no sucrose with sugar substitutes” yogurts, they were assumed to maintain their sugar control behaviors. Consistent with the findings in Table 3, the coefficient for gender was statistically significant, indicating that female consumers exhibit greater consistency in reducing sugar intake. Moreover, normal-weight and overweight individuals were more likely to maintain consistent sugar control compared to underweight individuals. Exercise frequency showed a negative relationship with sugar control behavior. Furthermore, the coefficient for those trying to lose weight was statistically significant. The awareness of healthy eating habits and knowledge of sugar reduction play significant roles. Consumers who were more concerned about healthy eating and more knowledgeable about reducing sugar intake were more likely to maintain consistent sugar control practices.





5. Discussion


Previous studies have focused on traditional sugar labeling, such as warning signals or sugar content information for high-sugar products [55]. Few studies have examined the claims on sugar-reduced foods. This study demonstrates that Chinese university students are willing to pay a different premium for yogurts with sucrose reduction labels, which is consistent with the prediction made in the previous study [38]. The premium increases with the degree of sucrose reduction. No significant disparity is observed in the WTP for yogurt labeled as “no sucrose” versus “no sucrose with sugar substitutes”, but the people who like the two yogurts are slightly different. In addition, the respondents are willing to pay CNY 3.66 for “regular sucrose” than the average yogurt price calculated by the previous study of 2.08 CNY/100 g. This may be because the latter price is calculated by dividing the total expenditure by the total volume for all yogurt sizes and includes larger portions of yogurt [38]. In addition, our study was conducted among young people, who may now have a higher willingness to pay for a variety of yogurts than other age groups [56].



Another interesting finding is that the majority of consumers who choose sucrose-reduced yogurts continue to select toast with lower sugar content, demonstrating their commitment to maintaining their sugar control behavior. They are able to remain consistent with their first choice and do not show compensation for sugary foods, even though they were not labeled. In contrast, respondents who prefer “regular sucrose” yogurt also prefer white toast while disliking wholewheat toast, perhaps because these respondents prefer the hedonic pleasure of food sensations [57], or because they consider toast to be a healthy food in itself due to their lack of knowledge compared to people who maintain their sugar control behavior (Table 5). Previous research has found that other interventions, such as limiting beverage size, may have the unintended consequence of increasing, rather than decreasing, soda consumption [58]. However, in this study, sucrose grade labels are effective in promoting sugar reduction, the intended health benefits of the labels are not lost, and they are not counterproductive in guiding healthy eating. This conclusion echoes concerns from previous research about compensatory eating following dietary interventions [5,34] and further supports the effectiveness of sugar labeling.



Consumer WTP for sucrose grade labels and whether to maintain sugar control behaviors varies across demographic groups. Our research shows that women have higher WTP for sucrose-reduced yogurts, which may be due to women’s greater emphasis on health concerns, while men may have higher energy needs [59,60]. Additional factors, such as exercise frequency and those who are dieting or losing weight, also positively influence WTP for sucrose-reduced yogurts, suggesting that individuals who prioritize physical activity may be more aware of their sugar and calorie intake, as well as their overall dietary health, and are more inclined to value and invest in healthier food options [16]. Rural respondents showed a negative preference for sugar substitutes, probably because these types of products are more likely to be promoted initially by new retail supermarkets than by traditional channels, and are therefore less common in rural areas than in urban areas [61]. In addition, the more frequently respondents smoked, the less they liked healthy yogurt, possibly because smokers may prioritize immediate gratification over health consciousness, resulting in a lower value placed on healthier food options. This finding is consistent with previous research that has also highlighted the negative impact of smoking on health-related decision-making [62,63]. Another explanation is that high cigarette exposure is associated with low taste perception at the tip of the tongue [64], and therefore, smokers may prefer palatable products. In terms of maintaining sugar control behavior, individuals who are trying to lose weight show greater consistency in sugar control, possibly because they are more aware of sugar content or calorie intake in unlabeled foods. Respondents who exercised more frequently were less likely to maintain sugar control, and one possible explanation is that regular exercisers may require higher levels of sugar in their diet to provide energy.



The findings of this study will provide valuable insights for food manufacturers. Sugar-reduced products are promising among young people in China. Sugar reduction claims can be an effective marketing strategy for food companies to differentiate products and attract consumers. Companies that reformulate food products can play an important role in helping consumers eat healthier. Not only is it required by public health policy [65], but our study shows that it is also an effective way for companies to improve their competitiveness in the marketplace. In addition, women, regular exercisers, and people who are trying to lose weight may be the target market for sugar-reduced products.



The results will also provide policymakers with insights into the effectiveness of sugar labeling. The westernization of diets in China has led to a significant increase in the prevalence of obesity, type 2 diabetes, and other related diseases among young individuals [66,67]. Projections indicate that by 2030, the healthcare costs associated with overweight and obesity in China will account for approximately 22% of the country’s total medical expenditures [68]. Consequently, there is an urgent and imperative need to guide consumers, particularly young people, in reducing their consumption of added sugars. This study highlights that interventions involving sugar labeling not only serve as a short-term guide for reducing sugar consumption but also have the potential to induce long-term behavioral changes. These findings hold significant implications for public health policies on a global level. It is worth noting that the guiding effectiveness of different sugar reduction policies varies [16]. In this study, the effectiveness of sugar labeling was examined using sucrose grade labels as an example, and the sustainability of other interventions remains to be tested.



The design of effective strategies and interventions to reduce the high prevalence of obesity and its comorbidities should also take into account the characteristics of the population. Male consumers may require targeted health education to reduce sugar intake and related compensatory behaviors. Meanwhile, for consumers who are not dieting, policymakers could focus on increasing the accessibility and appeal of healthy food options to guide healthier choices. For those who are obese (with a high BMI), personalized and long-term support such as professional health counseling and diet tracking tools should be provided to help them better manage their diets. In addition, consumers with higher levels of dietary health awareness and knowledge about sugar reduction are more likely to maintain their sugar control behaviors. In response, the government can increase advertising and education to make people aware of the risks of excessive sugar consumption [69].



This study has several limitations. One of them is the research sample. Our analysis focused on a specific demographic; the responses of young people without the same education and even the broader population are also worth testing in the future. The survey design can also be improved. Regarding the images used in the experiment, it is recommended that future research adopt a consistent approach to product presentation (e.g., using both mock products) across all phases of the experiment to eliminate the potential confounding effects of product presentation differences. In terms of compensatory behavior, this study only took toast as an example in the second stage. Further research, especially in controlled trials and real-life situations, should investigate whether compensatory eating occurs during the next meal and whether there are differences in compensatory behavior between different products (e.g., between hedonic and virtue products). In addition, this study mainly focused on the impact of sucrose grade labels and consumer preference. In May 2023, the WHO issued new guidelines advising against the use of non-sugar sweeteners that have potential adverse effects with long-term use [70]. Future research may consider the risk of sugar substitutes.
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Figure 1. Pictures of yogurt consumers usually buy in grocery stores (A). Example for four sucrose grade labels (B). * It comes with the questionnaire and means that this question must be answered. 
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Figure 2. Example for payment card contingent valuation question with CNY 1.00 and CNY 0.10 price interval. * It comes with the questionnaire and means that this question must be answered. 
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Figure 3. Example for three types of unlabeled toast. 
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Figure 4. The frequency of WTP for different sucrose grade labels. 
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Figure 5. Proportion of toast preference among respondents with different yogurt preferences. 
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Table 1. Descriptive statistics of the sample.
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	Variable
	
	Proportion/Mean Value





	Gender
	Male
	43.95%



	Age
	Mean value
	21.03



	Expense (CNY per month)
	1000 or less
	8.30%



	
	1001–1500
	34.64%



	
	1501–2000
	40.13%



	
	2001–3000
	14.35%



	
	3001 or above
	2.58%



	BMI
	Underweight (BMI < 18.5)
	16.59%



	
	Normal (18.5 ≤ BMI < 24)
	65.58%



	
	Overweight (24 ≤ BMI < 28)
	12.11%



	
	Obese (28 ≤ BMI)
	5.72%



	Household
	Urban
	56.73%



	Diabetes
	True
	1.12%



	Diet or lose weight
	True
	25.78%



	Yogurt (in the past week)
	0 times
	24.89%



	
	1–2 times
	50.45%



	
	3–4 times
	18.83%



	
	5–6 times
	4.48%



	
	7 times or above
	1.35%



	Exercise (in the past week)
	0 times
	30.38%



	
	1–2 times
	46.41%



	
	3–4 times
	15.36%



	
	5–6 times
	5.94%



	
	7 times or above
	1.91%



	Smoke
	Never
	95.07%



	
	Once in a while
	3.36%



	
	Every day
	1.57%



	Drink
	Never
	57.40%



	
	Once in a while
	41.93%



	
	Every day
	0.67%



	Diet-related health consciousness
	Mean value
	4.112



	Knowledge of sugar reduction
	Mean value
	3.130



	Attitude to sugar reduction
	Mean value
	4.160










 





Table 2. Mean WTP for sucrose grade labels.
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Label

	
WTP (CNY)




	
Mean

	
S.D.






	
Regular sucrose

	
3.658

	
1.863




	
Low sucrose

	
3.800

	
1.965




	
No sucrose

	
3.924

	
2.213




	
No sucrose with sugar substitutes

	
3.922

	
2.342











 





Table 3. Estimation of WTP for different sucrose grade labels.
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(1)

	
(2)

	
(3)

	
(4)




	
Variables

	
Regular Sucrose

	
Low Sucrose

	
No Sucrose

	
No Sucrose with Sugar Substitutes






	
Female

	
−0.292 **

	
0.166

	
0.572 ***

	
0.590 ***




	

	
(0.140)

	
(0.147)

	
(0.164)

	
(0.174)




	
Age

	
−0.055

	
−0.077 *

	
0.023

	
−0.008




	

	
(0.038)

	
(0.040)

	
(0.045)

	
(0.048)




	
Expense 1001–1500

	
0.179

	
−0.004

	
0.187

	
0.174




	

	
(0.245)

	
(0.257)

	
(0.287)

	
(0.305)




	
Expense 1501–2000

	
0.333

	
0.291

	
0.305

	
0.575 *




	

	
(0.246)

	
(0.259)

	
(0.288)

	
(0.306)




	
Expense 2001–3000

	
0.642 **

	
0.360

	
0.559 *

	
0.756 **




	

	
(0.281)

	
(0.295)

	
(0.329)

	
(0.349)




	
Expense 3001 or above

	
0.811 *

	
1.288 ***

	
1.453 ***

	
0.771




	

	
(0.452)

	
(0.475)

	
(0.529)

	
(0.562)




	
BMI normal

	
−0.294 *

	
0.092

	
0.126

	
0.127




	

	
(0.174)

	
(0.183)

	
(0.204)

	
(0.216)




	
BMI overweight

	
−0.082

	
0.407

	
0.560 *

	
0.110




	

	
(0.246)

	
(0.258)

	
(0.288)

	
(0.306)




	
BMI obese

	
0.284

	
0.282

	
−0.065

	
0.203




	

	
(0.321)

	
(0.337)

	
(0.376)

	
(0.399)




	
Rural

	
−0.095

	
−0.153

	
−0.193

	
−0.358 **




	

	
(0.131)

	
(0.138)

	
(0.154)

	
(0.164)




	
Yogurt 1–2 times

	
0.305 **

	
0.389 **

	
0.381 **

	
0.380 **




	

	
(0.155)

	
(0.163)

	
(0.182)

	
(0.193)




	
Yogurt 3–4 times

	
0.098

	
0.257

	
0.429 *

	
0.344




	

	
(0.197)

	
(0.207)

	
(0.231)

	
(0.245)




	
Yogurt 5–6 times

	
0.220

	
0.392

	
−0.117

	
−0.210




	

	
(0.328)

	
(0.344)

	
(0.384)

	
(0.408)




	
Yogurt 7 times or above

	
−0.610

	
−0.427

	
−0.614

	
0.267




	

	
(0.561)

	
(0.589)

	
(0.657)

	
(0.698)




	
Exercise 1–2 times

	
−0.266 *

	
−0.316 **

	
−0.070

	
−0.075




	

	
(0.149)

	
(0.156)

	
(0.174)

	
(0.185)




	
Exercise 3–4 times

	
−0.437 **

	
−0.238

	
−0.084

	
0.004




	

	
(0.202)

	
(0.213)

	
(0.237)

	
(0.252)




	
Exercise 5–6 times

	
−0.701 **

	
−0.695 **

	
0.029

	
−0.136




	

	
(0.292)

	
(0.307)

	
(0.342)

	
(0.363)




	
Exercise 7 times or above

	
−0.156

	
−0.851 *

	
0.311

	
0.463




	

	
(0.486)

	
(0.511)

	
(0.569)

	
(0.605)




	
Diabetes

	
−0.982

	
−1.071 *

	
−0.587

	
−0.337




	

	
(0.611)

	
(0.642)

	
(0.716)

	
(0.761)




	
Diet or lose weight

	
−0.054

	
0.261 *

	
0.465 ***

	
0.519 ***




	

	
(0.150)

	
(0.158)

	
(0.176)

	
(0.187)




	
Smoke once in a while

	
0.026

	
0.130

	
−0.113

	
−0.095




	

	
(0.365)

	
(0.384)

	
(0.428)

	
(0.455)




	
Smoke every day

	
−0.912 *

	
−1.278 **

	
−1.578 ***

	
−0.880




	

	
(0.519)

	
(0.545)

	
(0.608)

	
(0.646)




	
Drink once in a while

	
−0.168

	
0.050

	
0.137

	
0.173




	

	
(0.132)

	
(0.139)

	
(0.155)

	
(0.165)




	
Drink every day

	
0.221

	
−0.166

	
−0.150

	
0.847




	

	
(0.779)

	
(0.819)

	
(0.913)

	
(0.970)




	
Diet-related health consciousness

	
−0.052

	
−0.045

	
−0.057

	
−0.139




	
(0.099)

	
(0.104)

	
(0.116)

	
(0.123)




	
Knowledge of sugar reduction

	
−0.018

	
0.037

	
0.081

	
0.082




	
(0.053)

	
(0.056)

	
(0.062)

	
(0.066)




	
Attitude to sugar reduction

	
−0.102

	
0.026

	
0.075

	
0.062




	
(0.090)

	
(0.095)

	
(0.106)

	
(0.113)




	
Constant

	
5.757 ***

	
4.953 ***

	
2.057 *

	
3.040 ***




	

	
(0.923)

	
(0.970)

	
(1.081)

	
(1.149)




	
Number of observations

	
892

	
892

	
892

	
892




	
R-squared

	
0.053

	
0.060

	
0.079

	
0.071








Note: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively, and standard errors are in parentheses.













 





Table 4. Correlation between sucrose grade label and toast preference.
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	Label
	White Toast
	Wholewheat Toast
	Coconut Toast





	Regular sucrose
	0.123 ***
	−0.155 ***
	0.031



	Low sucrose
	−0.023
	−0.028
	0.052



	No sucrose
	−0.086 **
	0.119 ***
	−0.032



	No sucrose with sugar substitutes
	−0.018
	0.053
	−0.036







Note: ***, ** represent statistical significance at the 1% and 5% levels, respectively.













 





Table 5. Estimation of factors influencing consistency in sugar control behavior.
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	Variables
	Coefficients
	Standard Error





	Female
	0.496 **
	0.207



	Age
	0.024
	0.057



	Expense 1001–1500
	−0.378
	0.358



	Expense 1501–2000
	−0.378
	0.360



	Expense 2001–3000
	−0.710 *
	0.419



	Expense 3001 or above
	1.739 **
	0.757



	BMI normal
	0.566 **
	0.269



	BMI overweight
	0.758 **
	0.354



	BMI obese
	0.088
	0.495



	Rural
	0.050
	0.190



	Yogurt 1–2 times
	0.078
	0.227



	Yogurt 3–4 times
	0.362
	0.289



	Yogurt 5–6 times
	−0.009
	0.515



	Yogurt 7 times or above
	0.453
	0.898



	Exercise 1–2 times
	−0.209
	0.213



	Exercise 3–4 times
	−0.282
	0.299



	Exercise 5–6 times
	−0.217
	0.407



	Exercise 7 times or above
	−2.323 **
	1.095



	Diabetes
	−1.144
	1.151



	Diet or lose weight
	0.924 ***
	0.204



	Smoke once in a while
	0.053
	0.529



	Smoke every day
	−0.284
	0.848



	Drink once in a while
	0.460 **
	0.192



	Drink every day
	1.714
	1.324



	Diet-related health consciousness
	0.387 **
	0.157



	Knowledge of sugar reduction
	0.135 *
	0.080



	Attitude to sugar reduction
	−0.009
	0.131



	Constant
	−4.266 ***
	1.396



	Observations
	706
	



	LR statistic
	85.10
	



	Pseudo R-squared
	0.101
	







Note: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively, and standard errors are in parentheses.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file4.png
* 2. Please indicate how much you would pay
for a yogurt (similar to what you just
pictured) with the following information
about sugar content.

Regular sucrose (8g sucrose)

Low sucrose (4g sucrose)
-
p=s}
No sucrose (0g sucrose)
=
No sucrose with sugar substitutes (0g sucrose)

—

Please choose the price interval =

Q

Please choose the price interval
you are willing to pay.

CNY O

CNY 1.01-2.00
CNY 2.01-3.00
CNY 3.01-4.00

CNY 0.01-1.00 v

Please choose the more specific «

Q

- |
price interval you are willing to pay.
CNY 0.01-0.10
CNY 0.11-0.20
CNY 0.21-0.30

CNY 0.31-0.40
CNY 0.41-0.50 -






nav.xhtml


  foods-13-01803


  
    		
      foods-13-01803
    


  




  





media/file11.png





media/file2.png
Traditional yogurts are usually made with
added sucrose (8% in this question) on top of
the lactose in the milk itself. Currently, low-
sugar or no-sugar yogurts on the market
mostly refer to fermented dairy products with
little or no added sucrose. In addition, some
brands of sugar-free yogurt add sugar
substitutes such as erythritol and steviol
glycosides to adjust the taste of the yogurt.

B * 2. Please indicate how much you would pay
for a yogurt (similar to what you just
pictured) with the following information
about sugar content.

Regular sucrose (8g sucrose)

Please look at the pictures above of plain
yogurt that you typically find in therefrigerated

=
section of supermarket (usually 100g net -
content). From this, please picture your favorite
brand and type of yogurt. For the rest of this Low sucrose (4g sucrose)
survey, when we ask questions about yogurt,
please think about the carton or container that =

you picture now.
No sucrose (0g sucrose)

*1. What would you expect to pay for the =

yogurt you are thinking about?
No sucrose with sugar substitutes (0g sucrose)





media/file5.jpg
A3: If you could pair the yogurt you paid the most for with toast for breakfast, which of the
following would you choose?
‘A White toast B. Wholewheat toast C. Coconut toast

B 8 &






media/file3.jpg
prfee ey

et g i s choose o prca ol - et -
== L}
> s choos bt cral
Yo s By
e = awo -
[ ey EXT
= etz awanon
[ — Gt Tt = awanom






media/file1.jpg
‘Traditional yogurts are usually made with
added sucrose (8% in this question) on top of
the lactose inthe ik fse.Currenty, low-
sugar of no-sugar yogurts on the market
mostly refer to fermented dairy products with
lite or no added sucrose. In additon, some
brands of sugar-free yogr add sugar
substiutes such as enythiol and steviol
glycosides to adjust the taste of the yogurt.

B +2. Please indicate how much you would pay
for a yogurt (similar to what you just
pictured) with the following information
‘about sugar content.

Regular sucrose (89 sucrose)

Piease look at the pictures above of pain
yogurt that you typicallyfnd n therefrigerated
Section of supermarket (usually 100g net
‘content). From ths, please picture your favorite:

brand and type of yogurt. For th rest ofthis Low sucrose (4g sucrose)
survey, when we ask ques