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Abstract

:

Livestock products provide essential micro-nutrients and animal protein to rural residents. Upgrading the consumption pattern of livestock products is not only crucial for improving rural residents’ health and quality of life but also for achieving food security and a healthy China under the “Great Food View” development concept. To identify the characteristics and determinants of residents’ livestock products consumption structure in rural China, we used the Logit model to empirically analyze the key factors affecting rural residents’ consumption structure of livestock products from the perspective of household characteristics and regional heterogeneity using a survey data of 4529 rural residents across 10 provinces. The findings reveal that, firstly, rural residents consume a variety of livestock product categories, predominantly meat, meat-egg, meat-milk, and meat-egg-milk. Secondly, the family characteristics of the number of people eating at home, education level, access to food nutrition and health information, ethnicity, and age structure significantly affect the consumption structure of livestock products among rural residents. Thirdly, self-raising of livestock and poultry can support rural residents’ consumption of livestock products. Fourthly, there are notable variations in the consumption structure of livestock products between different regions. Based on this, we suggest strategies to optimize and support the consumption structure of livestock products for rural residents, such as promoting consumption upgrading, advocating market segmentation for livestock products, and improving regional self-sufficiency.
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1. Introduction


Food security, as an important guarantee for world peace and development and an essential foundation for the community of human destiny, has received considerable attention worldwide. Food security refers to the physical, social, and economic access of all people, at all times, to sufficient, safe, and nutritious food to maintain an active and healthy life [1]. In recent years, the international situation has been complex and volatile, with the New Crown Epidemic sweeping the world, the outbreak of the Russia-Ukraine conflict, and the intensification of climate change posing unprecedented challenges to global food security [2]. Worldwide, 150 million children under the age of five experienced stunted growth in 2020, and 45.4 million children under the age of five suffer from excessive wasting [3]. Inadequate intake of nutrients and unbalanced dietary structures are major causes of child malnutrition, especially the insufficient consumption of livestock products, which increases the risk of child malnutrition. Livestock consumption increases the risk of child malnutrition [4,5]. Livestock products are rich in essential amino acids, zinc, iron, calcium, selenium, vitamin A, vitamin B12, and many other high-quality macronutrients [6,7]. Adequate intake of livestock products is not only beneficial for bone health, growth and development, blood cell production, immunity enhancement, etc. [8] but also helps to improve the nutritional performance of plant foods and enhance human nutritional status [9].



Per capita, consumption of livestock products has increased as per capita income and awareness of nutrition and health have risen globally. In 2020, per capita consumption of meat consumption reached 42.76 kg, showing a 2.7% increase compared with 2010. Per capita egg consumption rose to 10.45 kg, reflecting an 18.8% increase since 2010. Per capita consumption of milk reached 71.02 kg, showing an increase of 7.2% compared to 2010. The structure of the global dietary energy supply has also changed, with the proportion of dietary energy supplied by meat per person per day increasing from 7.7% in 2000 to 8.05% in 2020, and the proportion of dietary energy supplied using dairy and egg products increasing from 5.57% in 2000 to 6.34% in 2020 [10]. It can be seen that the per capita consumption of meat, milk, and eggs has risen to varying degrees, leading to a greater contribution of livestock products in providing dietary energy for human nutrition. From the viewpoint of the domestic environment, since the reform and opening up, the income level and living standard of rural residents have continuously improved. Consequently, the food consumption of residents has gradually shifted from a focus on quantity, known as “subsistence consumption”, to a focus on quality and nutrition, known as “well-off consumption”. This transition has resulted in changes in the structure of residents’ food consumption [11]. Remarkably, there has been a monumental transformation in the dietary structure of rural residents. The consumption of staple foods, such as grain, has experienced a steady decline, while the consumption of meat, eggs, milk, and other livestock products has steadily increased [12]. Data from the National Bureau of Statistics show that, in 2022, China’s per capita grain consumption decreased by 5.4% compared to the previous year, whereas per capita meat consumption increased by 5.0%, per capita egg consumption increased by 2.4%, and per capita milk consumption nearly doubled compared to the previous year [13]. Livestock products, which were once regarded as “rare delicacies” on dining tables 40 years ago, have now become “common dishes” and essential food in rural residents’ daily diets [14]. Livestock products play an important role in enriching the “vegetable basket”, “meat plate”, “egg basket”, and “milk bottle” of rural residents, improving the dietary structure of rural residents, and improving the health and well-being of rural residents [12,15].



However, compared with the global per capita consumption of livestock products, the consumption of meat and milk by rural residents in China is relatively low, especially the consumption of milk. According to the Scientific Research Report on Dietary Guidelines for Chinese Residents 2021, Chinese residents should have a daily intake of 40–75 g of livestock and poultry meat, 40–50 g of eggs, and 300 g of milk. Nevertheless, the current per capita consumption of livestock products by rural residents in China falls short, with an average daily meat intake of about 95 g, egg intake of about 37 g, and milk intake of about 118 g, which indicates an insufficient intake of both eggs and milk and excessive consumption of meat. It can be seen that the current food consumption structure of rural residents in China is unreasonable, thereby leading to widespread dietary imbalance [1]. In this context, exploring the factors affecting the consumption structure of livestock products for rural residents and regional heterogeneity is conducive to guiding rural residents to optimize and adjust their consumption structure of livestock products, thereby improving their dietary quality and nutritional health and ultimately achieving the United Nations Sustainable Development Goals (SDGs) and realizing food security and improved nutrition.



While there have been fewer studies specifically focusing on the consumption structure of livestock products for rural residents, some studies have utilized yearbook data or research data to analyze the trends, characteristics, and factors influencing livestock product consumption [16].



First, the consumption of livestock products by urban and rural residents is analyzed comparatively. In terms of overall consumption, rural residents consume significantly less livestock products than that of urban residents [17,18,19]. From the perspective of consumption structure, urban residents in China are gradually reducing their intake of pork and eggs while increasing their consumption of aquatic products and dairy products. Rural residents, however, continue to maintain high levels of pork and egg consumption [20], resulting in an imbalanced consumption structure of livestock products in rural areas [21].



The second is to analyze the factors influencing residents’ consumption of livestock products. Qualitative analysis found that household income, consumption habits, urban-rural disparities, urbanization level, livestock product prices, regional differences, and population size and structure are important factors affecting residents’ consumption of livestock products [22,23,24]. Quantitative studies have also been conducted to understand these influences. Lu et al. [11] employed the Extended Linear Expenditure System ELES model and found that with the increase in income, urban residents preferred dairy consumption, while rural residents preferred poultry consumption. Ma [25] identified demand, price, and demographic factors as the main determinants of livestock consumption using factor analysis. Mohammadi et al. [26] discovered that age, education, awareness of nutritional value, advertisement, and household income have a significant effect on chicken consumption. Daba et al. [27] analyzed Ethiopian rural research data and found that property ownership, income, education, household size, unavailability of livestock products, and unaffordability of prices led to low livestock consumption among rural residents. Bundala et al. [28] analyzed Tanzania farm research data and found that lack of nutritional knowledge and limited number of livestock on the farm were significant factors hindering the consumption of livestock products. Other scholars divided livestock consumption into home consumption and out-of-home consumption and found that in addition to income and urbanization level as the main factors affecting residents’ livestock consumption, price, preference, and health concerns were the main factors affecting the amount of livestock consumed by residents at home, while the employment status of the wife, the number of males in the family, and the presence of minors were the main factors affecting livestock consumption outside the home [29].



Academic research on the factors affecting the consumption of livestock products by residents of various countries provides valuable insight for this paper. However, a review of existing literature reveals three shortcomings in the current research on the impact of livestock product consumption by rural residents in China. Firstly, there is a lack of research specifically focused on the consumption structure of livestock products by rural residents in China. Secondly, the existing research on the analysis of China’s livestock product consumption structure is mainly based on yearbook data, which denotes a limited sample size and lack of latest year data. Thirdly, the research samples are confined to a certain province or a certain city in a certain province, and there is a lack of analysis of the differences in the consumption structure of livestock products among rural residents in different regions. There are obvious variations in residents’ propensity to consume livestock products across different regions in China; ignoring these regional differences can lead to biased outcomes in the model [20].



Therefore, to bridge the research gap, identifying the characteristics and determinants of rural residents’ consumption structure of livestock products, we explore the key factors affecting the consumption structure of livestock products of rural residents from the perspective of household characteristics and regional heterogeneity by using the Logit model based on the survey data of 4529 rural residents across 10 provinces in China. Our research is envisioned to put forward countermeasures and suggestions to optimize and promote the consumption structure of livestock products of rural residents in China.




2. Materials and Methods


2.1. Data Sources


The data in this paper are sourced from the China Rural Microeconomics Database, established by the Institute of Agricultural Economics and Development of the Chinese Academy of Agricultural Sciences (CAAS) starting in 2011, with a baseline survey conducted in 2012 and annual tracking surveys, which use a combination of stratified and probability sampling to select samples of rural residents. All the surveys were conducted by having interviews face-to-face, and each interview lasted over one hour. In view of the completeness and timeliness of the data on rural residents, this paper conducts empirical analysis based on the data from 2020. By screening out the samples with important data missing, 4529 samples from 10 provinces and regions were valid for our analysis. The 10 provinces and regions include Anhui (462), Fujian (516), Yunnan (371), Hebei (411), Henan (490), Hunan (500), Jilin (471), Sichuan (509), Xinjiang (394), and Zhejiang (405). The number of samples in each province is in the parentheses. In order to explore regional differences, this paper adopts the regional division provided by the Bureau of Statistics, dividing the 10 provinces into six regions, namely East China, Central China, North China, Northeast China, Northwest China, and Southwest China. The geographic location and regional division of specific provinces are detailed in Figure 1.




2.2. Method


Since the consumption structure of livestock products for rural residents is a typical dichotomous variable, a Logit model is appropriate. The basic form of the model is:


   y i  = f (  x i  ) +  ε i   











In the above equation,    y i    represents the consumption structure of livestock products of rural residents  i . When    y i    is taken as 1, it means that the consumption structure of livestock products of rural residents is one of the seven kinds,    x i    represents the factors affecting the consumption structure of livestock products of rural residents  i ,    ε i    is the random perturbation term, and  i  is the number of samples. The specific form of the regression model is as follows:


  L n (    p i    1 −  p i    ) = α +   ∑  i = 1  n   β  x i     











In the above equation,    p i    denotes the probability that the consumption structure of livestock products for rural residents is one of the seven types,  α  is the constant term, and  β  is the regression coefficient.




2.3. Design of Indicators


With reference to the research on the factors affecting residents’ consumption of livestock products, this paper analyzes the factors affecting the consumption structure of livestock products of rural residents from three aspects: family characteristics, self-raising livestock, and regional variables.



Family consumption is the main carrier of rural residents’ livestock consumption. Without a doubt, family characteristics would influence the structure of residents’ consumption of livestock products [30]. There are differences in the consumption of livestock products among families with different ethnic attributes, age structure, and education level [26,27]. In this paper, we consider variables related to ethnic attributes (whether the rural resident belongs to an ethnic minority family), education level (the highest number of years of education), age structure (presence of elderly individuals and minors in the family) to explore their influence on the consumption structure of livestock products. Family income, as the economic basis of residents’ consumption, is also a crucial determinant of residents’ consumption of livestock products [22,23,26,27]. With the increase in family income level, rural residents tend to prioritize food nutrition, leading to an increased consumption of livestock products that are rich in protein and various nutrients.



Furthermore, family size has a certain impact on livestock product consumption [27]. Since the livestock product consumption is based on the family unit, the size of the family will inevitably affect the overall consumption of livestock products. Additionally, family size has a direct impact on the growth of per capita income, which in turn indirectly affects the level and structure of livestock product consumption [31]. In households with similar incomes, the demand curve for livestock products will shift downward, and vice versa for larger households that consume more staple foods [32]. In this paper, the number of people eating at home is used as a proxy variable for population size.



Awareness of nutritional value is considered to be one of the factors affecting residents’ consumption of livestock products [26,28]. We employ whether individuals obtain food nutrition and health information via the internet as the proxy variable to denote rural residents’ awareness of the nutritional value of livestock product consumption. Considering the impact of major family events on rural residents’ livestock product consumption, this paper designed the variable of whether big events have occurred in the family in recent years to examine the impact of family changes on livestock product consumption structure.



Referring to the findings of Bundala et al. that the number of farm animals has a significant impact on residents’ livestock product consumption [28], this paper introduces the types of livestock and poultry owned by rural households into the model to explore the impact of owned livestock and poultry on the consumption structure of livestock products by rural residents. Furthermore, there are noticeable variations in the propensity of residents to consume livestock products across different regions in China, and disregarding these regional differences would yield biased results [20]. Therefore, in this paper, regional dummy variables are introduced into the model to obtain more accurate results and examine the impact of regional heterogeneity. The detailed explanation of all variables is as follows:




	
Explained variables. There are seven categories in the consumption structure of livestock products for rural residents: meat, egg, milk, meat-egg, meat-milk, egg-milk, and meat-egg-milk. Due to the low percentage of rural residents who consume eggs, milk, or egg-milk, the sample size was insufficient to meet the empirical requirements, and thereby, they are not included in the empirical analysis. Therefore, this paper focuses on four consumption structures, namely, residents’ consumption of meat, meat-egg, meat-milk, and meat-egg-milk. It should be noted that the consumption of meat, eggs, and milk includes cases where residents engage in self-production and self-consumption. If residents consume meat only, we assign the variable meat the value of 1, otherwise 0. If residents consume both meat and egg/milk, we assign the variable meat-egg/meat-milk the value of 1, otherwise 0. If residents consume meat, eggs, and milk, we assign the variable meat-egg-milk the value of 1, otherwise 0.



	
Explanatory variables. Factors affecting the consumption structure of livestock products by rural residents include family characteristics, self-raised livestock, and regional variables, of which family characteristics and regional variables are the focus of this study. Family characteristics variables include nine specific variables, “Number of people eating at home” is obtained using the residents’ answers to the question, “How many people eat at home every day on average in your family throughout this year?” Residents’ responses of the actual number of people eating at home are assigned as the value of the variable “Number of people eating at home”. The highest number of years of education is the actual number of academic education years received by rural residents. “Annual household income” refers to the residents’ actual total household income last year and selects the unit of thousands of yuan to reduce the variance and for analysis convenience. Ethnic minority household refers to whether any member of the rural household belongs to a minority group, assigned the value of 1 if true and 0 otherwise. The value of “Households with the elderly and minors” captures whether there are both elderly people (over 65 years old) and minors (under 18 years old) in the rural household. We assign the value of 1 if yes and the value of 0 if no. The rules of the value assignment of both “Households with elderly persons” and ”Households with minors” are likewise. “Family events” refers to if there were major events that occurred in the household, such as marriage, funeral, children’s promotion to higher education, construction of a new house, or house renovation during the year. We assign the value of 1 if it occurred; otherwise, 0 if not. “Food nutrition health information” refers to whether rural residents used the internet to obtain food nutrition and health information; a value of 1 indicates usage, while 0 signifies otherwise. Self-raised livestock and poultry variables include five specific variables. Research has indicated that rural residents commonly raise hogs, beef cattle, meat goats, broiler chickens, and meat ducks for self-consumption, consequently influencing their consumption structure of livestock products. The variable of self-raised livestock refers to whether rural residents engage in raising these specific types of livestock within their families, assigned a value of 1 if true and 0 otherwise. In order to explore the regional disparities in the consumption structure of livestock products among rural residents, we introduce five regional dummy variables, namely, North China, East China, Central China, Northeast China, and Northwest China, in the model. Details are presented in Table 1.










3. Results and Analysis


3.1. Characteristics of Rural Households in Different Regions


Statistical analysis of the whole sample shows that the number of people who eat at home every day is 3.18 persons. The highest level of education years reached 10.81, which denotes half of the respondents’ completion of junior middle education. The average annual household income is 111,700 yuan. 13.65% of respondents are from ethnic minority families. From the perspective of age pattern, 16.71% of sample households consist of both elderly people and minors, 28.11% of sample households have elderly people and no minors, and 28.95% of sample households have minors and no elderly people. 7.15% of sample households have experienced major events (marriage, funeral, children’s promotion to higher education, construction of new or renovated houses, etc.) during the year.



In terms of region variations, the number of people eating at home daily in rural households is lower in the Northeast region compared to other regions, reaching a maximum of 3.39 persons in East China. The highest level of education years among rural households in the Northwest China region reached 11.05 years, which is 1.14 years higher than the lowest in the Northeast China region. In terms of annual household income, the Northeast region has the lowest average at 42,100 yuan. Both East China and Central China have annual household incomes exceeding 120,000 yuan. The proportion of households with elderly individuals or minors does not significantly differ among regions. However, there is a notable disparity in the proportion of households with both elderly and minors, especially in the Northeast and Northwest China, where the proportion is relatively lower, not exceeding 10%, and more than one times less than the highest in East China. The proportion of households experiencing major events is relatively even across regions, with only the Northeast region showing a relatively low proportion. Details are shown in Table 2.




3.2. Analysis of the Consumption Structure of Livestock Products for Rural Residents


Based on the consumption of meat, egg, and milk by rural residents, the consumption structure of livestock products in the surveyed samples can be divided into seven categories, including meat, egg, milk, meat-egg, meat-milk, egg-milk, meat-egg-milk and so on (see Figure 2). In terms of all samples, the proportion of samples consuming meat, egg, and milk reached 36.45%, followed by 31.42% of samples consuming meat and egg, 20.51% of samples consuming only meat, and a lower proportion of samples consuming only egg or milk, neither of which exceeded 1%. Regarding the situation in each region, the consumption structure of livestock products for rural residents in North China is dominated by meat-egg and meat-egg-milk, with 96.1% of the samples. Less than 4% of the samples consume other livestock products, and the samples that consume only egg or egg-milk are almost 0. The consumption structure of livestock products for rural residents in East China is dominated by meat, egg-milk, and meat-egg, with the total number of samples accounting for 86.92%. The consumption structure of livestock products is more balanced than that in North China. The consumption structure of livestock products for rural residents in Central China is dominated by meat-egg, meat-egg-milk, and meat, with 85.35% of the samples, and the consumption structure is balanced to a degree comparable to that of eastern China, with no samples consuming egg-milk. The consumption structure of livestock products for rural residents in Northeast China is dominated by meat and meat-egg, with the total sample accounting for 85.56% and less than 15% of the sample consuming other kinds of livestock products. The purchase of milk and egg-milk is almost 0. The consumption structure of livestock products for rural residents in the Northwest region is dominated by meat and meat-egg, accounting for 91.88% of the total sample size. The samples consuming only egg or milk or egg-milk are almost none. The consumption structure of livestock products for rural residents in the Southwest region is dominated by meat-egg, meat-egg-milk, and meat, accounting for 83.98% of the total sample size. For the consumption of meat-milk, the sample size is higher, accounting for 14.66%. In general, the consumption of livestock products by rural residents in the research area is dominated by meat-egg, with relatively few samples consuming milk.




3.3. Analysis of Factors Affecting the Consumption Structure of Livestock Products by Rural Residents


Before the empirical analysis, we carry out the multicollinearity test on the respective variables, and the results show that the maximum value of variance inflation factor (VIF) is 2.22, and the average value is 1.42, which is much lower than the reasonable value of 10, indicating there is a slight possibility of multicollinearity in the model. As introduced in the method part, this paper employed the Logit model to explore factors influencing rural residents’ consumption structure of livestock products by utilizing stata15.0. Detailed results are presented in Table 3.



As shown in the results of meat-only consumption, several household characteristic variables, including highest years of schooling, ethnic minority households, presence of elderly people, presence of minors, and access to information on the nutritional health of food, have significant effects on meat-only consumption by rural residents. Specifically, rural residents with minors in their household are 40.3% less likely to consume meat-only than those without minors (exp (−0.516) = 0.597). Rural residents who access information on food nutrition and health via the internet are 34.6% less likely to consume meat only than those who do not (exp (−0.425) = 0.654). Ethnic minorities have a positive effect on meat consumption, with the odds of ethnic minority rural residents consuming meat being twice as high as those of non-Han rural residents. This is consistent with the fact that ethnic minorities are predominantly meat consumers. Rural residents with elderly people in their families are 42.5% more likely to consume meat compared to households without elderly people (exp (0.354) = 1.424. The highest education year of rural residents is positively related to meat consumption, although the influence coefficient is relatively small. Regarding self-raised livestock and poultry, the presence of self-raised hogs, beef cattle, and broiler chickens has a significant positive impact on rural residents’ consumption of meat-only, indicating that self-raised livestock and poultry strongly support rural residents’ meat consumption. Furthermore, there are differences in the direction of regional variables, with North China and Northwest China having a negative impact on rural residents’ consumption of meat and Central China and Northeast China having a positive impact on meat consumption.



With regard to the factors influencing residents’ meat-egg consumption, the number of people eating at home, the highest years of education, households with elderly people and minors, households with elderly people, households with minors, the occurrence of a major event in the household, and access to information on food nutrition and health are estimated to have significant negative effect. with one-unit increase in the number of people eating at home and the highest years of schooling, the odds of rural residents consuming meat-egg would reduced by 12.8% and 4.5%, respectively (exp (−0.137) = 0.872; exp (−0.047) = 0.954). The odds of consuming meat-egg for rural residents with elderly and minors in the household, minors in the household, and elderly people in the household are 34.6%, 23.4%, and 46.3% lower, respectively, than for those who do not have (exp (−0.424) = 0.654; exp (−0.267) = 0.766; exp (−0.621) = 0.537). The odds of consuming meat-egg for rural residents who have experienced major events during the year and who access information on food nutrition and health via the internet are 33.7% and 41.8% lower than for those who do not (exp(−0.411) = 0.663; exp(−0.542) = 0.582), respectively. It can be seen that among the household characteristic variables, the number of people eating at home has a greater effect on the rural residents’ consumption of meat-eggs. In terms of self-raised livestock, self-raised hogs, meat goats, and broiler chickens all have a significant negative impact on rural residents’ consumption of meat-egg. Among them, the effect of raising meat goats is larger, and the probability of consuming meat-egg by residents raising meat goats is 72.8% lower than that of residents without raising meat goats (exp (−1.301) = 0.272), followed by raising broilers, with a decrease in the probability of 58.9% (exp (−0.890) = 0.411), and the smaller effect is on the number of raising hogs, with a decrease in the probability of 34.2% (exp (−0.418) = 0.658). The effects of regional variables are various as well, with the exception of North China, which has a positive effect on meat-egg consumption, East China, Northeast China, and Northwest China, which have a significant negative effect on meat-egg consumption.



With regard to the results of meat-milk consumption, the household characteristic variables of the number of people eating at home, the highest years of education, ethnic minorities, households with elderly and minors, households with elderly people, the occurrence of a major event in the household, and information on the nutritional and health aspects of food have a significant effect on the consumption of meat-milk by rural residents. Among them, all of the above influencing factors are positively related to the consumption of meat-milk, except for ethnic minorities, which have a negative effect on the consumption of meat-milk. Compared to Han Chinese, ethnic minorities were 29% less likely to consume meat-milk (exp (−0.343) = 0.710). For each unit increase in the number of people eating at home and the highest years of schooling, the odds of rural residents consuming meat-milk increase by 16.2% and 4.7%, respectively (exp (0.150) = 1.162; exp (0.046) = 1.047). Rural residents with elderly and minors in the household and those with only elderly are 43.6% and 59.8% more likely to consume meat-milk, respectively, than those without (exp (0.362) = 1.436; exp (0.469) = 1.598). Rural residents who have a major household event and who use the internet for food nutrition information are 48.7% and 32.8% more likely to consume meat-milk than those who do not (exp (0.397) = 1.487; exp (0.284) = 1.328). Among the own-raised livestock variables, own-raised hogs, broiler chickens, and broiler ducks have a significant positive effect on rural residents’ consumption of meat-milk. The highest impact effect is observed in the case of own-raised broiler chickens (1.8 times), followed by own-raised broiler ducks (73.3%) and own-raised hogs (59.2%). Own-raised livestock and poultry support the rural population’s meat-milk consumption. There are also differences in the direction of regional variables, with the exception of Central China, which has a positive effect, and North China, Northeast China, and Northwest China, which have a negative effect.



With regard to the results of meat-egg-milk consumption, the household characteristic variables of the number of people eating at home, annual household income, ethnic minorities, having elderly people and minors in the household, having elderly people, having minors, and nutritional and health information of food have a significant effect on the consumption of meat-egg-milk by rural residents, of which ethnic minorities and having elderly people in the household have a significant negative relationship with the consumption of meat-egg-milk by rural residents. Han Chinese and rural residents without elderly people in the household have higher chances of consuming meat-egg-milk. The number of people eating at home and annual household income have a significant positive relationship with rural residents’ consumption of meat-egg-milk, but the effect is not obvious. Rural residents with elderly people and minors in the household and with access to information using the internet have a significant positive relationship with the consumption of meat-egg-milk, which is higher than those without by 38.8%, 124%, and 86.1%, respectively. Among the variables of self-raised livestock and poultry, self-raised meat goats have a significant positive effect on rural residents’ consumption of meat-egg-milk, while self-raised hogs, broiler chickens, and meat ducks have a significant negative effect. There are also differences in the direction of the regional variables, with North China, Central China, and Northeast China having a negative impact, except for East China and Northwest China, which have a positive impact.




3.4. Robustness Tests


In order to test the reliability of the regression results, this paper, based on the study of Chang et al. [33], conducts a robustness test using the subsample regression method. Considering that the consumption structure of livestock products of rural residents with lower or higher incomes is relatively special, this paper excluded the samples with annual household incomes below 10,000 yuan or above 500,000 yuan and re-regress the data. The regression results, as shown in Table 4 indicates that the significant level and direction of influence of the family characteristics, self-raised livestock, and region variables are basically consistent with the results of the benchmark model. Therefore, the results of the above benchmark regression model are relatively robust.





4. Discussion


Analyzing the current situation of the consumption structure of livestock products for rural residents and its influencing factors is the basis for optimizing the consumption structure of livestock products for rural residents and improving the level of nutrition and health. Currently, the total consumption of meat and eggs is high among rural residents, while the consumption of milk is relatively low. This is consistent with the results of Xie’s [23] analysis based on yearbook data. Xie points out that the main difference between the livestock products consumption structure in rural and urban areas lies in the high proportion of meat consumption and the low proportion of milk consumption. In terms of consumption structure, there are four categories of livestock product consumption structures among rural residents which are meat-egg-milk, meat-milk, meat-egg, and meat. The consumption structure of livestock products varies across different regions in China. Among them, the consumption of meat-egg-milk by rural residents in Northwest China accounts for a considerable proportion, and residents in North China consume a higher proportion of meat-egg, followed by a combination of meat-egg-milk. Rural residents in Northeast China consume a larger proportion of meat, while rural residents in East, Central, and Southwest China choose a more balanced proportion of meat, meat-egg, meat-milk, and meat-egg-milk combinations. These regional differences in livestock product consumption structure can be attributed to variations in geographical environments, production levels of livestock products, and the preferences and habits of residents in different regions [22].



In terms of household influencing factors, the number of people eating at home has a significant negative effect on the consumption of meat-egg, and a significant positive effect on the consumption of meat-milk and meat-egg-milk, but the influence coefficient on meat-egg-milk is quite small. This indicates that as the number of people eating at home increased, rural residents tended to consume more meat and milk in their livestock products. The higher the education level, the higher the rural residents’ consumption of meat and meat-milk, and the lower the consumption of meat-egg. In addition to a small significant positive effect on the consumption of meat-egg-milk, the impact of household income on the structure of all types of consumption is not significant, indicating that the relationship between rural residents’ income and the structure of rural residents’ consumption of livestock products is not obvious. Generally, many scholars have found that household income and consumption of livestock products are significantly positively related [11,12], but we find that the relationship between the household income of rural residents and their consumption structure of livestock products is not significant. This may be attributed to the relaxation of income restraints as rural residents’ income levels rise, enabling them to freely choose their preferred types of livestock products for consumption. Compared with Han rural households, ethnic minority households have a higher probability of consuming only meat and make fewer choices about the consumption structure of meat-milk and meat-egg-milk. Families with both elderly people and minors prefer to consume meat-milk and meat-egg-milk, while families with elderly people and no minors prefer to consume meat and meat-milk, and families with minors and no elderly people choose to consume a wider variety of livestock products such as meat-egg-milk. It can be seen that families with minors tend to consume meat-egg-milk, which is the same situation in India [34], while families with elderly people mainly consume meat-milk, indicating the consumption of meat and milk is a common choice for families of different age structures. This shows that rural residents have realized the inadequacy of solely relying on meat as a singular source of animal protein within their dietary structure. The occurrence of big events in the family has a negative impact on the consumption of meat-egg and a positive impact on the consumption of meat-milk, indicating that big events such as weddings and funerals, children’s promotion to higher education, and the construction of new or renovated houses stimulate the consumption of meat and milk. The utilization of the internet to obtain food nutrition and health information has a negative effect on the consumption of meat and meat-egg, while it has a significant positive effect on meat-milk and meat-egg-milk, and has the largest influence coefficient on the consumption of meat-egg-milk. This indicates that rural residents believe that consuming meat-milk and meat-egg-milk are scientific dietary structures. Rural residents’ use of the internet to obtain food nutrition and health information is conducive to the diversification of their livestock product consumption structure.



In terms of the influence of self-raised livestock and poultry, the type of self-raised livestock and poultry has a certain impact on the consumption structure of livestock products of rural residents, and the direction of the impact varies according to the type of self-raised livestock and poultry. Specifically, rural residents who raise hogs and broiler chickens have a positive impact on the consumption of meat and meat-milk, and a significant negative impact on meat-egg and meat-egg-milk. It indicates that rural residents who raise hogs and broiler chickens at home are more inclined to consume meat and milk and less egg consumption, which probably results from the convenience and accessibility of meat and milk. Moreover, raising beef cattle is found to have a substantial positive effect on meat consumption, indicating that rural residents who raise beef cattle prioritize meat consumption and pay less attention to egg and milk consumption. Owning meat goats has a significant negative impact on the consumption of meat-egg, and a significant positive impact on the consumption structure of meat-egg-milk, indicating that rural residents who own meat goats place greater emphasis on diversified livestock product consumption. In addition, Own-raised broiler ducks have a significant positive impact on the consumption of meat-milk, and a significant negative impact on the consumption of meat-egg-milk, indicating that rural residents who raise broiler ducks are more inclined to consume milk and show less interest in the consumption of egg. Overall, China’s rural residents’ self-raised livestock and poultry basically support residents’ consumption of livestock products. This result is also justified by the research of Bundala et al., which reveals that livestock keepers are consuming more animal-source foods than their counterparts [28].



Regional differences play a significant role in shaping the consumption structure of livestock products for rural residents, which is supported by the research of Jiang et al.’s [35] and Yuan’s [36]. These differences stem from two main factors: income levels and consumption habits/preferences. Regional differences caused by income levels are mainly reflected in the total consumption of livestock products, while differences based on consumption preferences are mainly reflected in the consumption structure [22]. Therefore, this paper argues that the differences in the consumption structure of livestock products among rural residents in different regions are mainly affected by the consumption preferences and consumption habits of rural residents in each region. China is a vast country, and there are huge differences in the customs, beliefs, and production conditions of people in different regions, resulting in different consumption habits and preferences. Specifically, in North China, there is a preference for the consumption structure of meat-milk, which is consistent with Zhou’s [37] research, whereas East China exhibits a more diversified consumption pattern, with a negative impact on meat-egg consumption and a positive impact on meat-egg-milk consumption. The consumption structure of livestock products in Northeast China and Central China is relatively similar; both Central China and Northeast China have a positive impact on the consumption of meat and a negative impact on the consumption of meat-egg-milk, but Central China has a positive link with the consumption of meat-milk, and Northeast China has a negative link with the consumption of meat-egg, which shows that compared to other regions, Central and Northeast China’s consumption structure of livestock products is relatively homogeneous, with meat as the mainstay, supplemented by the consumption of dairy products, and a lower emphasis on eggs. Northwest China has a significant positive effect on the consumption of meat-egg-milk and a significant negative effect on the consumption structure of other livestock products, indicating that rural residents in Northwest China have a more varied preference for livestock product consumption compared to other regions.




5. Conclusions and Recommendations


5.1. Conclusions


Based on the survey data of 4529 rural residents across 10 provinces in 2020, we investigate the characteristics of rural residents’ consumption structure of livestock products by statistical analysis and use the logit model to empirically analyze the factors affecting rural residents’ consumption structure of livestock products from household characteristics and regional variations. Conclusions can be summed into four aspects: First, the consumption structure of livestock products of rural residents can be categorized into seven types: meat, egg, milk, meat-egg, meat-milk, egg-milk, meat-egg-milk, etc. At present, the dominant consumption categories of livestock products among rural residents in China are meat, meat-egg, meat-milk, and meat-egg-milk. Second, as verified by the model, higher numbers of people eating at home tend to be associated with meat-milk and meat-egg-milk consumption, while lower numbers tend to lean towards meat-egg consumption. The higher levels of education and access to food nutrition and health information positively influence rural residents’ perception of the scientific dietary structure, and it is necessary to strengthen the popularization of the relevant information. Rural residents believe that livestock product consumption of meat-milk and meat-egg-milk is a scientific dietary structure. Ethnic minority families mainly consume meat, families with elderly people and minors and families with minors and no elderly people mainly consume meat-milk or meat-egg-milk, and families with elderly people and no minors mainly consume meat and meat-milk. Third, the rearing of livestock and poultry within households also affects rural residents’ consumption patterns. Specifically, the self-raised hogs, beef cows, and broiler chickens are favorable to the meat consumption of rural residents. Fourth, regional heterogeneity is evident in the consumption patterns of rural residents. Rural residents in North China mainly consume meat-egg, rural residents in East China and Northwest China mainly consume meat-egg-milk, and rural residents in Central China and Northeast China mainly prefer meat. Therefore, the Government should take into account the heterogeneity of different regions when introducing the relevant nutrition policy.




5.2. Recommendations


Based on the conclusions provided, we put forward the following two policy suggestions on how to optimize and support the consumption structure of livestock products for rural residents.



Firstly, strengthen the popularization of livestock product consumption and promote the consumption upgrading of rural residents. We should compile and print manuals on the consumption of livestock products and scientific and reasonable dietary knowledge and widely disseminate the knowledge of livestock product consumption using publicity boards, jingles, etc. By providing rural residents with multi-channel access to food nutrition and health information, we can guide them to understand the nutritional value of livestock products and choose the consumption structure of livestock products in a scientific and reasonable way, thereby upgrading their consumption pattern of livestock products.



Secondly, we advocate market segmentation of livestock products to meet the diverse needs of different groups of people. For ethnic minorities, understand their consumption habits and consumption tendencies, and strengthen the market segmentation of pork, beef, mutton, and fresh milk to cater to the specific consumption preferences of ethnic minorities. For families with different age structures, categorize and grade livestock products and introduce livestock products that meet different ages to satisfy the needs of all ages. For rural residents in different regions, there are regional differences in the consumption of livestock products, and regional self-sufficiency should be improved. In Northwest China, we should further develop the breeding of beef cattle and meat goats. In East China, we should strengthen the breeding of broiler chickens and dairy cows. In Central China, we should strengthen the breeding of broiler chickens, and in Northeast China, we should strengthen the processing of dairy products.



Although results and conclusions in this paper have certain reference values for upgrading rural residents’ consumption structure of livestock products, there are still some limitations, for example, a lack of differentiation of meat. Due to data constraints, distinctions regarding the consumption patterns of specific meats like pork, beef, chicken, etc., were not possible. Further exploration of the detailed meat consumption in the structure of residents’ livestock products is expected.
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Figure 1. Distribution of surveyed provinces and regional divisions. 
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Figure 2. Consumption structure of livestock products of rural residents in different regions. 
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Table 1. Descriptive statistics of the variables.
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Variable Category

	
Variable

	
Unit

	
Mean/Ratio






	
Explained variables




	
Consumption structure of livestock products

	
meat

	
%

	
20.51




	
meat-egg

	
%

	
31.42




	
meat-milk

	
%

	
10.47




	
meat-egg-milk

	
%

	
36.45




	
Explanatory variable




	
Household characteristics

	
Number of people eating at home

	
Persons

	
3.18




	
Highest years of education

	
Years

	
10.81




	
Annual household income

	
Ten thousand yuan

	
11.68




	
Ethnic Minority Households

	
%

	
13.65




	
Households with the elderly and minors

	
%

	
16.71




	
Households with elderly persons

	
%

	
28.11




	
Households with minors

	
%

	
28.95




	
Family Events

	
%

	
7.15




	
Food Nutrition Health Information

	
%

	
34.68




	
Self-raised livestock and poultry

	
Self-raised hogs

	
%

	
8.03




	
Self-raised beef cattle

	
%

	
0.75




	
Self-raised meat goats

	
%

	
1.96




	
Self-raised broiler chickens

	
%

	
8.90




	
Self-raised broiler ducks

	
%

	
1.92




	
Region

	
North China

	
%

	
9.07




	
East China

	
%

	
30.54




	
Central China

	
%

	
21.86




	
Northeast China

	
%

	
10.40




	
Northwest China

	
%

	
8.70




	
Southwest China

	
%

	
19.43











 





Table 2. Statistical tables on the situation of rural households in different regions.
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Region

	
North China

	
East China

	
Central China

	
Northeast China

	
Northwest China

	
Southwest China

	
All Samples




	
Household Characteristics






	
Number of people eating at home, persons

	
3.14

	
3.39

	
3.09

	
2.66

	
2.97

	
3.34

	
3.18




	
Highest years of education, years

	
10.67

	
10.99

	
10.99

	
9.91

	
11.05

	
10.76

	
10.81




	
Annual household income, 10,000 yuan

	
7.66

	
12.50

	
12.54

	
4.21

	
16.71

	
10.45

	
11.17




	
Ethnic Minority households, %

	
1.95

	
1.88

	
14.65

	
11.04

	
55.33

	
19.20

	
13.65




	
Households with elderly and minors, %

	
12.90

	
22.70

	
13.03

	
7.86

	
9.90

	
21.02

	
16.71




	
Households with elderly, %

	
30.66

	
28.34

	
25.76

	
33.33

	
25.63

	
27.50

	
28.11




	
Households with minors, %

	
32.36

	
27.19

	
36.26

	
20.38

	
27.92

	
26.93

	
28.95




	
Major event in household, %

	
6.08

	
9.33

	
6.46

	
1.91

	
7.36

	
7.73

	
7.15




	
Sample size, individuals

	
411

	
1383

	
990

	
471

	
394

	
880

	
4529











 





Table 3. Logit model regression results.
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Variable

	
Meat

	
Meat-Egg

	
Meat-Milk

	
Meat-Egg-Milk






	
Number of people eating at home

	
−0.019

	
−0.137 ***

	
0.150 ***

	
0.07 **




	
(0.036)

	
(0.032)

	
(0.037)

	
(0.029)




	
Highest years of education

	
0.040 ***

	
−0.047 ***

	
0.046 ***

	
0.005




	
(0.013)

	
(0.011)

	
(0.015)

	
(0.01)




	
Annual household income

	
−0.004

	
0.001

	
−0.006

	
0.005 *




	
(0.004)

	
(0.003)

	
(0.004)

	
(0.003)




	
Ethnic Minority Households

	
0.703 ***

	
−0.102

	
−0.343 *

	
−0.316 **




	
(0.133)

	
(0.122)

	
(0.187)

	
(0.125)




	
Households with the elderly and minors

	
−0.057

	
−0.424 ***

	
0.362 **

	
0.328 ***




	
(0.15)

	
(0.125)

	
(0.18)

	
(0.121)




	
Households with elderly persons

	
0.354 ***

	
−0.267 ***

	
0.469 ***

	
−0.237 **




	
(0.117)

	
(0.097)

	
(0.158)

	
(0.105)




	
Households with minors

	
−0.516 ***

	
−0.621 ***

	
0.253

	
0.806 ***




	
(0.131)

	
(0.102)

	
(0.157)

	
(0.102)




	
Family Events

	
0.122

	
−0.411 ***

	
0.397 **

	
0.013




	
(0.159)

	
(0.157)

	
(0.17)

	
(0.133)




	
Food Nutrition Health Information

	
−0.425 ***

	
−0.542 ***

	
0.284 ***

	
0.621 ***




	
(0.096)

	
(0.08)

	
(0.106)

	
(0.074)




	
Self-raised hogs

	
0.986 ***

	
−0.418 ***

	
0.465 ***

	
−0.801 ***




	
(0.145)

	
(0.161)

	
(0.172)

	
(0.162)




	
Self-raised beef cattle

	
1.105 **

	
−0.788

	
−0.657

	
−0.041




	
(0.486)

	
(0.693)

	
(1.03)

	
(0.466)




	
Self-raised meat goats

	
−0.010

	
−1.301 ***

	
0.455

	
0.711 **




	
(0.47)

	
(0.479)

	
(0.466)

	
(0.306)




	
Self-raised broiler chickens

	
0.898 ***

	
−0.890 ***

	
1.025 ***

	
−0.822 ***




	
(0.146)

	
(0.172)

	
(0.152)

	
(0.149)




	
Self-raised broiler ducks

	
0.418

	
−0.105

	
0.550 **

	
−0.906 ***




	
(0.275)

	
(0.306)

	
(0.265)

	
(0.335)




	
North China

	
−1.893 ***

	
1.068 ***

	
−1.925 ***

	
−0.270 *




	
(0.355)

	
(0.145)

	
(0.431)

	
(0.147)




	
East China

	
0.131

	
−0.696 ***

	
0.104

	
0.477 ***




	
(0.128)

	
(0.119)

	
(0.146)

	
(0.111)




	
Central China

	
0.402 ***

	
−0.002

	
0.425 ***

	
−0.478 ***




	
(0.134)

	
(0.117)

	
(0.156)

	
(0.121)




	
Northeast China

	
1.896 ***

	
−0.512 ***

	
−0.374

	
−1.938 ***




	
(0.17)

	
(0.172)

	
(0.297)

	
(0.259)




	
Northwest China

	
−1.761 ***

	
−0.839 ***

	
−0.928 ***

	
1.749 ***




	
(0.332)

	
(0.177)

	
(0.341)

	
(0.171)




	
_cons

	
−2.116 ***

	
0.991 ***

	
−3.644 ***

	
−1.262 ***




	
(0.211)

	
(0.175)

	
(0.278)

	
(0.174)




	
Number

	
4150

	
4150

	
4150

	
4150








Notes: This table presents the coefficients of all models. Standard error is in parentheses; ***, **, and * represent significance levels at 1%, 5%, and 10%, respectively.













 





Table 4. Robustness test results.
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Variable

	
Meat

	
Meat-Egg

	
Meat-Milk

	
Meat-Egg-Milk




	
Coefficient

	
SE

	
Coefficient

	
SE

	
Coefficient

	
SE

	
Coefficient

	
SE






	
Number of people eating at home

	
−0.028

	
0.039

	
−0.121 ***

	
0.035

	
0.129 ***

	
0.039

	
0.071 **

	
0.032




	
Highest years of education

	
0.044 ***

	
0.015

	
−0.051 ***

	
0.012

	
0.039 **

	
0.017

	
0.011

	
0.011




	
Annual household income

	
−0.016 ***

	
0.006

	
−0.001

	
0.005

	
0.004

	
0.006

	
0.008 *

	
0.004




	
Ethnic Minority Households

	
0.733 ***

	
0.145

	
−0.093

	
0.133

	
−0.314

	
0.204

	
−0.344 **

	
0.137




	
Households with the elderly and minors

	
−0.089

	
0.162

	
−0.476 ***

	
0.133

	
0.26

	
0.192

	
0.435 ***

	
0.128




	
Households with elderly persons

	
0.233 *

	
0.129

	
−0.22 **

	
0.105

	
0.45 ***

	
0.169

	
−0.196 *

	
0.114




	
Households with minors

	
