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The sustainable dietary transitions must account for the varied culinary traditions and regional food cultures to ensure a balanced and culturally sensitive approach. This study aims to explore the impact of regional preferences on culinary culture and examine ways to achieve environmentally friendly dietary transitions in China by considering the differences in the environmental burdens of various cuisines. We investigate the eight Chinese culinary traditions and depict their respective popularity in China at the city level via POI characterization based on ArcGIS. Water, carbon, and ecological footprints are selected to investigate the environmental performance of each type of cuisine. Results show that the eight cuisines vary significantly in spreads of influence and environmental performances. Chuan cuisine is the most widely disseminated cuisine with a relatively low environmental burden. The remaining seven cuisines have limited spreads of influence and are mainly distributed in small cultural regions and the surrounding areas. Hui Cuisine, Zhe Cuisine, and Min Cuisine have the worst environmental performances. This study reveals the significant impact of regional cuisines on the environmental footprint of diets and highlights the necessity of considering this impact when promoting dietary transition, especially in culturally diverse countries.
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1 Introduction

Numerous studies have shown that the current dietary practices and food production systems are not sustainable (van Dooren et al., 2014). A strong trade-off relationship has been found between human health and the environment (Zhang and Chai, 2022), and diet not only can affect human health but also affect the environment (Bajželj et al., 2014; Hallström et al., 2015; Davis et al., 2016). It is estimated that food systems produce around 30% of the global greenhouse gasses, and food production, such as the expansion of farmland and pastures, has contributed to the diminishment of 5.5 million hectares of forest per year, which accounts for 2/3 of the total global forest loss (von Braun et al., 2021). Besides, the freshwater withdrawals for agricultural products account for 70% of the total global freshwater withdrawals (Foley et al., 2011). As Springmann et al. (2018) predicted, the environmental burden of the food system may increase by 50–90% between 2010 and 2050 and even exceed the prescribed planetary boundary.

The global human diet has included more animal-based food in recent decades (Komarek et al., 2021), which implies a more severe problem of environmental burden. Plant-based food is more sustainable than animal-based food (Tilman and Clark, 2014). Double pyramid studies also show that food recommended for human health is more environmentally sustainable in most cases (Buchner et al., 2010; Ruini et al., 2015).

The SDGs of the United Nations have long placed food and agriculture at the heart of human needs and nutrition. The transition of dietary structure is inevitable, and changing consumption habits and improving production efficiency are the main goals of this transition (Davis et al., 2016). In numerous dietary pattern assessments, Mediterranean diets (Burlingame and Dernini, 2011; Willett et al., 1995) and vegetarian diets (Baroni et al., 2006; van Dooren et al., 2014) are sustainable. A global shift toward Mediterranean-style diets and other plant-based diets can significantly advance environmental sustainability (Duchin, 2008).

The proposal of a planetary health diet (Willett et al., 2019) provided a scientific reference for the further transition of the global dietary structure and the win-win strategy to achieve human health and environmental sustainability. Numerous existing studies have shown that excessive animal-based food consumption can adversely affect environmental health (Volta et al., 2021), and plant-based human diets can significantly reduce the problems of agricultural air emissions pollution (Himics et al., 2022). A preference for vegetarianism and a reduction in animal-based food, especially ruminant food, can significantly reduce greenhouse gas emissions (Berners-Lee et al., 2012).

Most authoritative studies focus on a global perspective and ignore the uniqueness of each region’s food culture, and switching to healthy diet, as usually accepted in academia, may not benefit the environment (Grabs, 2015; He et al., 2019; Ibarrola-Rivas and Nonhebel, 2022). Culture is the mind’s collective programming (Hofstede, 2011) that sets one group apart from others, influenced by societal dynamics and the region’s unique multi-dimensional factors, such as climate, the process and degree of economic development, and the region’s historical development. Food culture is no exception. Food consumption is related mainly to the identity and social status of consumers, which reflects a new human self-image and awareness (Beeton, 2003), tied to cultural influence. Existing studies also tend to be idealistic. For instance, although Mediterranean and vegetarian dietary patterns are recommended, low salt intake and high fish intake are the most difficult other dietary patterns to achieve (van Dooren et al., 2014), especially for those inland and less developed regions.

Changes in dietary preferences vary widely across regions (springmann et al., 2016), and the changes in dietary structures in developing countries can offer the most substantial absolute benefits to the environment. Some studies have focused on the uniqueness of Chinese regional food cultures and conducted related environmental impact studies (Liu et al., 2023). China has various domestic food cultures with a long development history as the second-largest economy globally and one of the largest consumers of food and agricultural biomass (Ye et al., 2022). China has a diverse food culture due to a combination of historical, cultural, geographical, and other influences (Li et al., 2024). China’s eight culinary traditions, shaped over time with local flair, are broadly embraced by its society as key representative of Chinese food culture (Jiang et al., 2021; Zhang and Ma, 2020). Although there are also significant gaps among Chinese regional food cultures, numerous studies also highlight the differences and convergences between the Chinese and Western diets, especially in the intake of different kinds of food materials (He et al., 2019; Li et al., 2024). With the rapid urbanization and economic and social development in China, the dietary preferences of the Chinese have also gradually shifted to animal-based food (Lu et al., 2015). Between 1980 and 2009, pork and beef consumption increased 3-fold and 10-fold, respectively (Huang et al., 2017). On the premise of meeting existing needs, China still has the potential to reduce greenhouse gas emissions by 5–28% through dietary transitions (Song et al., 2017). Further proposals can be designed to be more in line with local eating habits based on regional differences in food consumption (Ibarrola-Rivas and Nonhebel, 2022).

According to the literature review, current research usually adopts a global perspective, ignoring the uniqueness and local characteristics of food cultures across China. Although some studies have begun to focus on the environmental impacts of specific factors such as differences in dietary consumption and demographic changes, and have realized China’s special identity in global climate action, they have neglected the deeper cultural foundations behind dietary consumption. China’s eight cuisines culture is a notable representative of the diversity of food culture to be chosen as a case study. Given the complexity of the human decision-making process regarding dietary preferences (Liu et al., 2022) and the difficulty quantifying food culture, we characterized China’s food culture through the POI data distribution of restaurants of the eight Chinese culinary traditions. We strive to make up for the issue of over-idealization and neglect of cultural factors in existing studies by comparing the environmental footprint contribution rates of different cuisines based on characterizing culture. We will further provide our constructive advice on sustainable food system transition from the perspective of respecting cultural diversity.



2 Methodology


2.1 Preference index

Amap is one of the mainstream map services in the Chinese Mainland region. Amap provides geographic location information and category information of public service facilities to the public as an electronic map service provider. For catering facilities, Amap labels catering facilities according to the classification standards of eight Chinese culinary traditions to optimize consumers’ dining experience. This study uses districts within municipalities and prefecture-level cities as the basic unit, which is more accurate than provinces and autonomous regions data in China. Due to the unavailability of county-level data caused by missing restaurant labels, using city-level data enables a better representation of the geographical distribution of the eight major Chinese cuisines across mainland China while ensuring data accuracy. Furthermore, due to the lack of data for Hong Kong, Macau, and Taiwan, this study focuses solely on data from mainland China.

Economic development and population distribution in various regions of China are highly uneven, so the difference in the number of restaurants cannot reflect the preference of different areas for the eight Chinese culinary traditions. To more intuitively show the popularity of different cuisines in different regions, we adopt the ratio method to show the proportion of restaurants of a specific cuisine within a particular region.

The specific process is as follows. We first captured the number and geographical distribution of restaurants with different labels on Amap in 2021, then calculated the popularity of the eight cuisines in different regions based on the districts and prefecture-level cities of the municipalities, and visualized the results on the map. We believe that the number of restaurants in an area can reflect the taste preferences of people in the region. Therefore, we set the districts of prefecture-level cities or municipalities directly under the central government as the basic units. r is defined to represent people’s preference index for a specific cuisine to measure people’s preference for one cuisine. The higher the r-value, the higher the priority of people for the cuisine, and vice versa. M represents the sum of all restaurants marked as any one of the eight Chinese culinary traditions in the region by Amap, and N represents the number of restaurants of a particular cuisine in the region. The regional preference index (r) of cuisine in a prefecture-level city or a municipality directly under the central government can be expressed as N divided by M.
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2.2 Data acquisition

We chose a cookbook (Niu and Niu, 2021) popular in China as the source of the recipes. The recipes in this book accurately include each dish’s methods, dosage, and ingredients, which can help us restore the most widely accepted dishes. According to the recipes provided in this book, we selected the most popular 10 dishes from the eight Chinese culinary traditions to represent the corresponding cuisines. We make a preliminary description of each dish according to the raw materials and dosage marked on the menu, calculate the calorie contained in each raw material according to the grams of each raw material, and add up the calorie of the whole dish for subsequent calculation.



2.3 Carbon footprint, water footprint, and ecological footprint

Carbon footprint, water footprint, and ecological footprint provide decision-makers with an overall perspective on the comprehensive impact of various human burdens, enabling them to have a deeper understanding of the complexity of the environment (Fang et al., 2014). Using carbon footprint, water footprint, and ecological footprint can effectively measure the impact of the eight Chinese culinary traditions on the environment and figure out the impact of Chinese food culture on the environment. We choose calories as the basic unit to reduce the error caused by the consumption difference between different cuisines.

We obtain the data of unit carbon footprint, water footprint, and ecological footprint from the following two databases: Double Pyramid Healthy food for people, sustainable food for the plant, and Drivers of the growing water, carbon, and ecological footprints of the Chinese food from 1961 to 2017 (Barilla Center for Food and Nutrition, 2010; Cao et al., 2020; Ruini et al., 2015). Then, the carbon footprint, water footprint, and ecological footprint of each dish are calculated according to the practices and dosage in the recipe. According to the number of calories required by each dish, a weighted summary is performed to calculate the ratio of each dish’s carbon footprint, water footprint, ecological footprint, and calories. The ratio of three footprints and calories of representative dishes of different cuisines can help us characterize the environmental preferences of the eight cuisines. To avoid the influence of outliers on the results, we used three footprints of representative dishes of different cuisines and the median calorie ratio for horizontal comparison. We hope to compare the impact of different cuisines on the environment from the three dimensions of carbon footprint, water footprint, and ecological footprint to have a more comprehensive understanding of different cuisines.



2.4 K-means clustering algorithm

Clustering is a pattern that helps us find the way of data collection and the similarity of each data cluster (Sivaguru and Punniyamoorthy, 2020). K-means is a popular cluster analysis method that helps identify patterns in data collection and the similarities between different data clusters, providing a powerful tool for analyzing multidimensional data. This analysis method divides m points in n-dimension into K clusters and minimizes the sum of squares in the clusters (Hartigan and Wong, 1979). In this study, we aim to identify similar characteristics from multidimensional data. Specifically, we want to comprehensively consider information with K means from three dimensions—carbon footprint, water footprint, and ecological footprint—rather than analyzing each environmental footprint in isolation, enabling us to identify the cuisine cultures with the most similar environmental burdens.

To achieve this goal, we set each of the eight cuisines into eight datasets, denoted by ni (i is an integer and 0 < i ≤ 8) and clustered the eight Chinese traditional cuisines in terms of three dimensions: carbon footprint, water footprint and environmental footprint, denoted by di (i is an integer and 1 < i ≤ 3).
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In the known observation set [image: image], each observation is a three-dimensional real vector ([image: image], [image: image], [image: image]), We use k means cluster to partition our obtained eight sets of observations into k sets ([image: image]k[image: image] and k is an integer) and to minimize the within-cluster sum of squares (WCSS), where within-cluster sum of squares is defined as the sum of squared distances within each member of the cluster and its centroid.
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where Si represents the cluster combination, μi is the mean value of all points in Si.

When the clustering combination Si satisfies the above equation, each observation within Si can be considered as the most similar under the three dimensions of carbon footprint, water footprint, and environmental footprint, which means that these observations must have some kind of similarity. In this study this can be concluded as these observations have similar environmental burden.

In order to maximize the differentiation between the cluster combinations and also to make the results more convincing, we need to find the appropriate k. We use the WCSS as a metric to find the best number of clusters that can be formed for a given data set. Since WCSS is measured for k, if an increase in K-values after a specific point does not cause a significant decrease in WCSS, then this k value here is considered optimal, which is the number of groups we expect.

To ensure the accuracy of clustering results, we set the number of clusters as the number of 8 dishes and then determine the number of clusters according to the value of the elbow method to minimize the difference of dishes within a group and maximize the difference between groups. The influence of the same group of cuisines on the environment is similar. There is a correlation between the cuisines with the same characteristics, which may be the correlation between the raw materials or the correlation between the structures.



2.5 Hypothesis

Cultural significantly influence people’s food choices. Existing research has demonstrated the guiding role of local food culture on people’s dietary preferences in contexts of cross-cultural culinary exchanges, such as those involving religion and immigration (Mekoth and Thomson, 2018; Lillekroken et al., 2024). With China’s economic development, eight Chinese culinary traditions have gradually transcended regional boundaries, becoming popular nationwide, thereby diversifying the food choices of Chinese people. The interactions between different regional cuisine cultures and local food traditions present an important area of study. Thus, we hypothesize that local traditional culinary culture continues to dominate regional preferences for different cuisines. Then, we propose that, given the influence of geographical factors on the formation of food culture, variations in the use of raw materials, taste preferences, and other factors contribute to differences in the environmental impact of various cuisines.




3 Results


3.1 Preference index

As shown in Figure 1, the overall diet regional preference chart of Chuan cuisine is the most obvious. Additionally, judging from the differences between inland and coastal areas, dietary preferences in inland areas are widely and proportionally influenced by Chuan cuisine, and dietary preferences in coastal areas have more obvious geographical diversity characteristics. In Figure 1B, Chuan cuisine still has obvious advantages in the eastern coastal areas, especially in the coastal areas of Jiangsu and Zhejiang.

[image: Figure 1]

FIGURE 1
 (A) Eight cultural source provinces corresponding to eight Chinese culinary traditions. The provincial color area corresponding to each province is the cultural birthplace of eight Chinese culinary traditions. (B) Overall diet regional preference chart of eight Chinese culinary traditions. The regional preference index (r) of cuisine in a prefecture-level city or a municipality directly under the central government can be expressed as N divided by M.


As shown in Figure 2, we divide the municipalities and prefecture-level cities in various regions of China into [0, 1] according to the value of r. We found that the preference indices of the eight cuisines have apparent regional differences, which can reflect the overall dietary preferences and eating habits of a region to a large extent.

[image: Figure 2]

FIGURE 2
 The eight maps of China represent the regional diet preference index corresponding to the eight Chinese culinary traditions. It can be seen from the color distribution that Chuan cuisine occupies a very obvious preference advantage.


From the perspective of the national distribution, although there are noticeable differences in the regional preference index between inland and coastal areas, Chuan cuisine is the most popular nationwide, and it is distributed in almost all regions, especially in Northwest China, Northeast China, and Southwest China. The second is Xiang cuisine, and the regions with high recognition of Xiang cuisine are mainly concentrated around Hunan Province (r ≥ 0.4). The northwest inland region has a relatively high preference for Chuan cuisine (r ≥ 0.4) and Xiang cuisine (r ≥ 0.1), while Min cuisine is the most distributed in the northwest inland region, where the preference index is zero (r = 0), followed by Hui cuisine.

From the relationship with the headstream of culture perspective, except for Chuan cuisine, the regional preference indices of the other seven cuisines all spread to nearby areas, with the cuisine’s origin areas as the peak. There are obvious limitations to the diffusion range. Chuan cuisine spreads from the southwest to the northwest and northeast. Although the influence of Xiang cuisine is not as significant as that of Chuan cuisine, its influence on the provinces near Hunan is more potent than that of Chuan cuisine. It is worth noting that the r value of Chuan cuisine, which is (0, 0.1), is the lowest in the Hunan region, where people prefer Xiang cuisine.

Moreover, the index of Hunan region shows a clear tendency of whether Hunan people will choose Xiang cuisine or Chuan cuisine when they go out for meals. In addition, Min cuisine has the smallest spread, followed by Hui cuisine. The regional preference index of Su cuisine in its cultural origin is the lowest, followed by Min cuisine. However, the national distribution range of Su cuisine is significantly higher than that of Min cuisine. From this, we found that although different cuisine cultures have different degrees of recognition in different regions, the cuisine culture still maintains a specific influence on the origin of the cuisine.

From the perspective of regional differences in taste preferences, Chuan and Xiang cuisines, as the representative cuisines of spiciness, have a nationwide distribution that confirms the differences in dietary preferences between the north and the south. In contrast, the remaining six cuisines are not typical representative cuisines of spiciness. Its distribution range does not have noticeable north–south differences. Among the eight Chinese culinary traditions, the only northern cuisine, Lu cuisine, does not have the apparent dietary preference advantage of the northern region.

As shown in Figure 3, from the national total of the eight Chinese culinary traditions, the overall values of Chuan cuisine (64,233) and Xiang cuisine (25,396) are significantly higher, which have an obvious advantage in the national popularity of the eight cuisines. The preference graph is also validated.
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FIGURE 3
 Total number of restaurants for each cuisine.




3.2 Horizontal comparison of three footprints of eight cuisines

We use the calculated values of carbon footprint per 1,000 kcal, water footprint per 1,000 kcal, and ecological footprint per 1,000 kcal as our research data. Firstly, we compare the median of the three footprints in the horizontal direction with the box plot diagram and analyze the characteristics of each cuisine culture from the three dimensions of carbon footprint, water footprint, and ecological footprint.

According to Figure 4, the carbon footprint (unit: kgCO2eq/1000 kcal) of traditional Chinese food per kilocalorie fluctuates between (1.366 and 2.344), which is a large fluctuation range. Min Cuisine (2.327), Hui cuisine (2.344), and Zhe cuisine (2.306) have a higher carbon footprint. The total carbon footprint of these three cuisines in the production process is large, while the median of other cuisines is relatively stable—all-around 1.0.

[image: Figure 4]

FIGURE 4
 Water, carbon, and ecological footprints of each cuisine.


Therefore, in terms of carbon footprint, the eating habits of Min cuisine, Hui cuisine, and Zhe cuisine may lead to more greenhouse gas emissions, which also means that the production process of these three cuisines has higher carbon emissions and greater environmental burden. Relatively speaking, the median of other four cuisines is close, and the level is low. In terms of carbon emissions, they can be regarded as an environmentally friendly food culture.

In Figure 4, the water footprint level (unit: m3/1000kcal) for each cuisine is relatively close, concentrated in the interval (1.207, 1.775). The water footprint level of Min cuisine and Zhe cuisine is high, with a median of 1.775 and 1.506 respectively, which means that the eating habits of these two cuisines have a high consumption level of water resources, and their preferred ingredients also have a high consumption of freshwater resources. The water footprint of other six cuisines is about 1.2, and the demand for water resources is similar and maintained at a low level.

The ecological footprint (gm2/1,000 kcal) of the eight cuisines in Figure 4 fluctuates in the range of (10.64,36.85). Hui cuisine (36.85) has the highest ecological footprint and consumes the most eco-environmental resources. The ecological footprint of Zhe cuisine (24.74), Min cuisine (23.03), and Yue cuisine (22.11) are relatively low, followed by Su cuisine (17.25), and Chuan cuisine (11.94), Lu cuisine (10.77), and Xiang cuisine (10.64).



3.3 Clustering results of eight cuisines

In Figure 5A, we performed k-clustering on our experimental data to better define the environmental preferences of the eight Chinese culinary traditions. Before implementing clustering, we first normalize the data with the aim of improving clustering quality and enhancing the accuracy of the results. It can be seen from the figure that the eight cuisines can be divided into three categories according to the data of three dimensions: carbon footprint, water footprint, and ecological footprint. Among them, Xiang cuisine, Chuan cuisine, and Lu cuisine belong to the first category, while Su cuisine and Yue cuisine belong to the second category. Zhe cuisine, Hui cuisine, and Min cuisine belong to the third category. The difference between the cuisines in the first type of cuisine is minimal, and so is the second type of cuisine, which shows that the dishes in the same kind of cuisine have similar effects on the environment. The third kind of cuisine has a significant gap in this kind of cuisine. However, there is a substantial gap between these three cuisines, and they have common characteristics in this group. Therefore, we use this classification to discuss cuisine’s impact on the environment further.
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FIGURE 5
 Clustering of eight traditional Chinese cuisines: (A) visualization of clustered central data diagram; (B) K-means 3D diagram.


In Figure 5B, we made the three-dimensional distribution map of the eight cuisines after clustering them according to the standardized data. It can be seen from the figure that Xiang cuisine, Chuan cuisine, and Lu cuisine have the smallest environmental burden which means that they are environment-friendly cuisines. These three cuisines have a high preference for pork and vegetables, and the menu is relatively simple. Five dishes of Chuan cuisine are mainly made of pork and vegetables. The main ingredient of Lu cuisine is pork for three dishes and vegetables and fruits for five dishes. In Xiang cuisine, the main component of three dishes is vegetables, and the main ingredient of four dishes is pork. Heavy consumption of pork and vegetables explained why the average footprint of the three cuisines is low.

The second category is Yue cuisine and Su cuisine. Compared with the first three cuisines, these two cuisines consume more environmental resources. By comparing raw materials, we find that Yue cuisine and Su cuisine have a clear preference for fish. Su cuisine includes five dishes with fish as the main ingredient, and Yue cuisine includes four. In addition, the use of pork in Su cuisine and Yue cuisine has been reduced, and the dishes with pork as the main ingredient have been reduced to one and two, respectively. In addition, the environmental burden of Yue cuisine are significantly higher than that of Su cuisine, which may be related to Yue cuisine’s richer raw materials. Su cuisine has an obvious preference for fish, while Yue cuisine adds more diversified ingredients, such as chicken (1 share), goose (1 share), and beef (1 share).

The third category is Hui cuisine, Zhe cuisine, and Min cuisine. Their environmental burden is significantly higher than that of other cuisines. We found that fish are still the preferred ingredient of these three cuisines. Min cuisine includes four kinds of dishes with fish as the main ingredient. Meanwhile, five kinds of Zhe cuisine dishes and six kinds of Hui cuisine dishes use fish as the main ingredient. Secondly, compared with the second type of cuisine, these three cuisines have a wider choice of ingredients. Beef, mutton, chicken, duck, and goose are added to the menu to enrich the types of dishes. At the same time, however, it also increases the consumption of environmental resources of the three cuisines.

Based on these findings, we draw the following conclusions. First, the cuisine with more fish has a heavy environmental burden. Through the analysis of recipes from the first type of cuisine with a lower environmental impact, we found a low preference for fish and a high preference for vegetables, especially Lu cuisine, where half of the dishes are related to vegetables. In addition, there is also a correlation between the abundance of ingredients and the environmental burden. Some cuisines with a wide range of ingredients, such as Zhe cuisine and Min cuisine, have a heavier environmental burden than those with a single range of ingredients, such as Xiang cuisine and Chuan cuisine. One reason is that these cuisines contain more raw materials with a higher environmental burden. The abundance of ingredients also leads to the differences among the three footprints of different cuisines. Although Zhe cuisine and Hui cuisine belong to cuisines with heavy environmental burdens, these two cuisines have different preferences for ingredients, resulting in significant differences in environmental footprint between them. The carbon footprint of Zhe cuisine is lower than that of Hui cuisine, while the water footprint and ecological footprint of Hui cuisine are higher than that of Zhe cuisine. In comparison, Chuan cuisine, Xiang cuisine, and Lu cuisine, which have lower complexity of ingredients, have a higher similarity of ingredients, so the environmental burden is relatively similar.

Research shows that the key to describing environmentally sustainable behavior in food consumption is not the traditional social and economic classification (age, income, and education) but cultural factors such as consumers’ lifestyles and values (van Dooren et al., 2018). The eight Chinese culinary traditions concentrate on the traditional Chinese food culture, including food preferences and eating habits, and still affect the diet concept of today’s Chinese people. According to the preference chart of the eight Chinese culinary traditions, we found that the diet concept represented by the eight cuisines is still the local people’s first choice. To verify our conclusion, we choose to compare the per capita food consumption of Chinese residents in 2021 in the National Bureau of Statistics of China 2022 (National Bureau of statistic of China [NBSC], 2022) with our outcome.

Taking Xiang cuisine and Chuan cuisine, the two most widely distributed cuisines, as examples, in 2020, the per capita consumption of pork by residents in Sichuan Province and Chongqing were 28.0 and 29.9 kg, respectively, which were higher than the national average of 24.8 kg. In comparison, the consumption level of beef and mutton by residents in these two regions is relatively low. The per capita consumption of beef and mutton by residents in Sichuan Province is only 1.9 and 0.4 kg, and the per capita consumption of beef and mutton by residents in Chongqing is 1.9 and 0.5 kg. The consumption of beef and mutton in these two regions is less than the national per capita consumption of beef of 2.3 kg and mutton of 1.2 kg. In addition, the consumption of vegetables in Sichuan and Chongqing is large, 119.6 kg and 130.3 kg, respectively, which is greater than the national per capita consumption of 103.7 kg. Overall, Sichuan Province and Chongqing are the birthplaces of Chuan cuisine. The per capita consumption of the leading food of local people in 2020 is mainly vegetables and pork, while the consumption of beef and mutton is small, which is in line with our findings. Xiang cuisine and Chuan cuisine have high similarities. In 2020, the per capita consumption of beef and mutton in Hunan Province was 2.2 and 0.6 kg, respectively, lower than the national average. The per capita consumption of pork is 22.7 kg, and the consumption of vegetables is 104.5 kg. These two indicators are higher than the national average, consistent with the results we found.




4 Discussion

Our research shows that it is feasible to use the form of POI to represent culture under the premise that culture is difficult to quantify. It shows that some cuisine cultures are environmentally friendly and have a high degree of overall national preference, which deserves our special attention. For example, Chuan and Hui cuisine are the two most popular flavors with a small environmental impact. A new healthy and environment-friendly diet with Chuan and Xiang flavors would be more in line with people’s expectations in most parts of China, which is an important variable that should be considered in China’s dietary transition.

As for other cuisine, we find in the places where other culinary traditions originated, the local cuisine still predominantly shapes the dietary habits of the residents. Our findings further confirm the need to consider and respect the cultural characteristics of different regions in the study of the impact of diet on the environment and health and the intervention of people’s diet for the sustainable development of human health and the environment, which seems to be consistent with our first hypothesis. However, there exist some exceptions. For example, Chuan cuisine is highly recognized in the cultural sources of some other cuisines in the southeast coastal areas, especially in the southeast coastal regions such as Zhejiang and Jiangsu province (see Figure 1B), Which may conflict with our traditional impression. These unique deviations are also what we need to pay attention to.

In terms of the environmental burden, we use k-means to identify groups of cuisines with similar environmental burdens. We find that the combination of ingredients and cooking ways among food cultures causes different environmental burdens, especially the use of meat. The difference in environmental burden between the first type of cuisine, the most environmentally friendly cuisine, and the third type of cuisine, which is the least environmentally friendly, is mainly reflected in the different amounts of pork, beef, and mutton. This result is consistent with the research from Sun et al. (2022). Compared to beef and lamb, pork has a lower overall impact on the environment (Nijdam et al., 2012), which explains why pork-preferred cuisines have less environmental stress. Fish has a higher water footprint (Guzmán-Luna et al., 2021), so cuisines that prefer fish, such as Zhe and Min cuisines, have a higher water footprint than Chuan and Xiang cuisines and other pork-based cuisines.

Some existing healthy dietary guidelines, such as the Chinese dietary guidelines (CDG), eat lancet, or some dietary transition ideas, such as replacing meat consumption with more cereal products (Westhoek et al., 2014) and the promotion of the Mediterranean diet (Willett et al., 1995), have been proved to reduce the environmental impact of the food system or be beneficial to people’s health. However, since the formation of food culture requires a long-term process of dynamic interaction between various social factors, and food culture also has relative stability, the change based on local food culture will increase the investment benefit of food (Zavaleta et al., 2017; Tucci et al., 2021), and the improvement based on food preference (Yin et al., 2020) can gain more acceptance from local customers. It will be difficult to accept the progress without local food culture, which is also an act of disrespect for the independence of local culture. We should reduce the environmental burden brought by the food system on the premise of respecting the local food culture.

Furthermore, suppose we want to reduce the environmental burden brought by the food system. In that case, we can improve the recipe/diet from the ingredients based on respecting the original flavor of the cuisine culture and the way of making dishes. For the second and third types of cuisine cultures with high environmental burdens, especially Min cuisine, Zhe cuisine, and Hui cuisine, we can consider some measures. Using plant-made meat instead of pork and other meat (Apostolidis and McLeay, 2016), or using meat consumption with a lower environmental burden such as pork to replace meat consumption with a higher environmental burden like beef (Song et al., 2015) to improve our menu are desirable approaches. For example, based on the food culture of preferring beef balls in Fujian province, we can develop “beef balls” with beef flavor made of soybean to retain the inherent characteristics of the local diet. These measures can enhance people’s recognition of the improved recipes in Min cuisine as much as possible and reduce the environmental burden caused by beef consumption.

The formation of environmentally friendly and local cultural eating habits requires effort. Facts have proved that many people are not willing to change their eating habits for a green environment (Tobler et al., 2011), and the intervention of external forces is necessary, rather than waiting for the spontaneous development of eating habits. Many works of literature (Phulkerd et al., 2017; Dixon and Isaacs, 2013; Ippolito, 1999; Behrens et al., 2017) have proved the important role of government in dietary intervention and promoting the transition of the dietary system. We believe that the government (Westhoek et al., 2014) should take the responsibility to encourage cooks, restaurants, food critics, scientists, and other food practitioners to improve recipes, pay attention to local people’s eating habits, focus on those food cultures that are both environmentally friendly and widely preferred, and improve diet based on local people’s diet concepts. In particular, when promoting indigenous green diets in China, it is important to take into account the dietary habits of different regions. For example, in Zhejiang Province, where Zhe cuisine originated, Chuan cuisine can be promoted, including increasing the intake of vegetables and pork, which is considered a more environmentally friendly choice because these foods are similar to Zhe cuisine. What’s more, Chuan cuisine is widely distributed in Zhejiang Province and is deeply loved by local people, as we show in Figures 1, 2. Other efforts, such as promoting the concept of a healthy diet, are also necessary.

China is a country with a diverse culinary heritage. This article primarily focuses on the representative regional traditional food cultures of eastern, central, and parts of western China. It would be beneficial to consider a broader range of regional culinary traditions across the country. For instance, the unique food culture found in the traditional animal husbandry areas of northwestern China could provide valuable insights. Furthermore, we used cross-sectional data, which effectively captures the distribution of culinary cultures for a specific year. Nevertheless, given that cultural exchange is a dynamic process, future research could benefit from data spanning a broader temporal dimension to better analyze these changes over time.

Our study demonstrates the impact of regional culinary cultures on dietary environmental footprints. Future research should focus on identifying specific interventions or policy measures to mitigate the negative environmental impacts of diets. For example, longitudinal studies could be conducted to track changes in dietary preferences and their long-term environmental impacts, or comparative studies could be carried out across regions with different culinary traditions to examine how they address the challenges of promoting green diets. Such research should adopt an interdisciplinary approach, integrating cultural studies, environmental science, and policy analysis to develop more comprehensive and effective solutions. In addition, more and more studies believe that only an environment-friendly diet that meets people’s nutritional needs is genuinely sustainable (Song et al., 2019; Bonnet et al., 2020). Considering culture and trying to reduce the environmental burden brought by the food system, we also need to make more improvements to meet people’s nutritional needs to make this food improvement more sustainable and more practical.



5 Conclusion

Food culture is essential for sustainable dietary transition. This study investigates the food culture in China via POI characterization, and compares the environmental performances among different food cultures. Results firstly show that the regional preference index of different cuisines varies in different regions. Chuan cuisine is the most popular nationwide, followed by Xiang cuisine. Min cuisine has the smallest spread, followed by Hui cuisine, and the only northern cuisine, Shandong cuisine, does not have the apparent dietary preference advantage of the northern region. An important finding is that in parts of the cultural origin of Zhe cuisine and Su cuisine, Chuan cuisine’s regional preference index still dominates. As for the environmental burden, Chuan cuisine is identified as having the least environmental impact, followed closely by Xiang and Lu cuisines, and Hui, Zhe, and Min cuisines demonstrated the highest environmental burdens, particularly due to their reliance on ingredients such as fish and red meat, which have higher carbon and water footprints. Notably, Chuan cuisine is the most widely distributed environmentally friendly dietary culture in China.

Promoting sustainable dietary transitions in China presents both challenges and opportunities. While there is a clear need to reduce the environmental impacts of certain cuisines, efforts must also respect the cultural significance of these food traditions. Strategies could include encouraging local adaptations of low-impact cuisines or integrating sustainable ingredients into traditional dishes, fostering a balance between environmental goals and cultural preservation. As Chuan cuisine is widely accepted and has a low environmental footprint, it could serve as a model for developing sustainable dietary guidelines that respect local preferences. On the other hand, strategies could also involve promoting plant-based ingredients or sustainable meat substitutes that align with traditional flavors.

The world’s food culture is diverse, and the premise of creating a more environmentally friendly diet is to respect and embrace diverse food cultures. People’s diets can be more sustainable through recipe improvement, sustainable diet propaganda, and government intervention based on respecting the uniqueness of regional food cultures. This study emphasizes the role of culture in food transition, which is rare in relevant studies. However, we have not considered the nutritional aspects of sustainable dietary structure, and the specific transition measures need further research to determine.
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