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Abstract: The COVID-19 pandemic may have had a negative impact on dairy consumption trends.
Many dairy products are perishable and have relatively high income elasticity, causing their sus-
ceptibility to market fluctuations in general, including those specifically caused by the pandemic.
However, the pandemic has also brought some other prospective possibilities. For example, during
the pandemic, people paid more attention to nutrition and health issues and increased the num-
ber of meals prepared and eaten at home. In consideration of the particular circumstances during
the pandemic, the Chinese government issued several policies to promote the population’s dairy
consumption, and the Chinese dairy cattle sector actively implemented the policy of “guarantee
price, quality, and supply”. These factors may have caused the Chinese population to increase their
consumption of dairy products during the pandemic. Before the pandemic, the consumption of dairy
products in the Chinese population showed an overall upward trend. The question addressed in this
study is how has COVID-19 affected dairy consumption trends during the pandemic? This study
uses accounting data from the Chinese dairy cattle sector to empirically analyze the impact of the
COVID-19 pandemic on dairy consumption trends through economic theories and translog revenue
function. Our study found that COVID-19 increased consumers’ consumption of dairy products in
China, but those people experiencing poverty may still have experienced inadequate dairy intake.
This study has contributed to the body of work in this area in the literature and provides response
strategies for the dairy cattle sector and the authorities.

Keywords: consumption trend; COVID-19; the global pandemic; dairy products; eating behavior

1. Introduction

During the COVID-19 pandemic and the implementation of restrictive measures
to control its spread, consumers’ preparation and intake of food were often impacted.
Implementing business closures, social distancing, and border closures had the effect
of significantly reducing economic activity. This, in turn, affected people’s household
income and spending, including their food consumption. Despite its basic necessity, food
consumption was not immune to the global crisis induced by COVID-19. In China, a
range of factors, including reduced incomes due to the inability to work [1,2], increased
expenditure on medical care [3], and fear [4], led to a decline in food consumption during
the pandemic. Consumers were observed making changes to their food consumption
preferences, opting for more cost-effective alternatives [5] that included a reduction in
fruit consumption [6] and a decrease in the intake of animal-derived foods [6,7]. They also
became more reliant on shelf-stable packaged foods [8]. The COVID-19 pandemic further
altered consumer dietary patterns and food-sourcing strategies, and consumers may now
prefer to procure their food through online channels that offer convenient door-to-door
delivery services, which are perceived as safer [9] and more comfortable [10]; therefore,
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online food deliveries have become more desirable. Moreover, consumers may now choose
the channels that allow them to maintain higher household inventories of staple goods to
minimize their need for frequent visits to physical markets.

These changes may be more visible and prominent in the household consumption
of dairy products. Dairy products have both higher income elasticity and price elasticity.
As per a research survey, the household consumption of dairy products decreased by
11 percentage points from the onset of the COVID-19 pandemic. This decrease can be
attributed to the perceived risk of viral infection while visiting stores in person to purchase
food [7]. A study also reported an overall decline in the consumption of dairy products
in some Latin American countries [11]. In China, consumption trends of animal-derived
foods were severely impacted during and as a result of both the SARS and COVID-19
outbreaks. During the SARS pandemic, concerns over the airborne transmission of the
virus led to a reduction in social interactions and outdoor activities. Furthermore, the
uncertain economic outlook resulted in lowered income expectations, which in turn caused
a significant decline in consumer spending [12], and people’s consumption of many foods
decreased [13]. However, the Chinese population increased their consumption of dairy
products at the same time, which also prompted the sales revenue growth rate of Chinese
dairy companies to reach its highest level at that time [14]. Yili, a leading Chinese dairy
company, showed high sales performance during the SARS pandemic [15]. In addition,
during the SARS pandemic, Sanyuan Company, another major dairy production enterprise
in China, also stated that the sales of dairy products had increased by 20% [16].

Nearly 20 years after the occurrence of SARS, the Chinese market and per capita
consumption levels have further improved. At the time of the COVID-19 outbreak in
2020, the per capita disposable income of Chinese residents was RMB 32,189, which is
3.9 times higher than during the SARS pandemic after adjusting for inflation. With the
increase in income levels, Chinese residents now pay more attention to their health, and
the consumption of dairy products has also increased [14]. Before the pandemic, the
consumption of dairy products in the Chinese population showed an overall upward
trend, and dairy products had become one of the sources of protein for an increasing
number of people [14]. During the COVID-19 pandemic, taking into account the particular
circumstances of the pandemic, the Chinese government issued a series of national policies
to guarantee and promote dairy consumption. For example, for the first time, milk was
designated as a necessity by the State Council of China [17], and was recommended by the
Chinese Center for Disease Control and Prevention as an important food for residents to
consume in relation to the prevention and control of pandemics. It was also listed as one of
the key guaranteed foods for pandemic prevention and control by the China Development
and Reform Commission [18], and these national policies all had a positive significance in
the promotion of dairy consumption [14].

At present, scholars have completed limited research on the changes in dairy consump-
tion during the COVID-19 pandemic. However, with increasing numbers of consumers
recognizing the nutritional benefits provided by the consumption of dairy products [19,20],
it is of great significance to explore the impact of COVID-19 on the trend of dairy consump-
tion. The objective of our research is to investigate the impact of the COVID-19 pandemic
on the consumption trends in dairy products. The results of this study contribute to the
literature and provide policy recommendations for dairy companies and authorities.

The following sections of this paper will be structured in the following manner.
Section 2 introduces the background and develops our hypothesis, providing a compre-
hensive overview. Section 3 encompasses the variable definitions, data sources, and the
specific model derivation process, ensuring a rigorous methodology. Section 4 showcases
the findings of this study, presenting insightful analysis. The present study concludes by
elucidating the deep-rooted influence of the COVID-19 pandemic on dairy consumption
while putting forward substantive suggestions for future research.
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2. Background and Hypothesis Development

The National Dairy Industry Development Plan 2016–2020 [21] pointed out that in
recent years, China’s dairy industry has made significant progress in modernization, and
the supply-side structural reform of the dairy industry has achieved substantial results, with
supply and consumer demand becoming more compatible. In terms of industrial structure,
competition in China’s dairy industry is fierce. The current Chinese dairy industry presents
a competitive landscape in which large state-level companies compete with local, small,
and medium-sized enterprises. The Ministry of Industry and Information Technology of
the People’s Republic of China [22] pointed out that in 2016, the industry concentration of
China’s top 10 dairy companies exceeded 65%, and the market concentration of high-end
milk was very high [23]. According to statistics of the market sales of large-scale retail
enterprises in China, it was found that the top 10 Chinese dairy product sales companies
(9 of which are listed companies) have a combined share of 90.01% in the high-end milk
market [22]. China Business Radio [24] reported that Yili, the largest listed dairy product
company in China, has a market share of approximately 70% in China’s organic milk
market. In 2017, the industry concentration of China’s top 10 dairy companies remained at
around 65% [25]. In 2019, the total market share of two listed dairy companies, Yili and
Mengniu, accounted for nearly 50% [26]. It can be seen that the overall production and sales
of dairy products of the listed Chinese dairy products companies are highly representative
of the industry as a whole.

In terms of business structure, taking Yili and Mengniu as examples, their products
mainly include liquid milk, milk beverages, yogurts, and milk powder. The Analysis Report
on the Market Competition and Investment Strategy of China’s Liquid Milk Industry from
2021 to 2027 [27] shows that liquid milk is the main source of revenue for Yili and Mengniu.
In 2020, liquid milk accounted for 78.9% of Yili’s total revenue, and liquid milk accounted
for 89.1% of Mengniu’s total revenue. The above ratios are only the share of liquid milk and
do not include the share of other dairy products. Thus, it can be seen that dairy products
account for most of the company’s sales revenue.

Dairy products have an irreplaceable position in the nutritional intake of the popula-
tion [28–33]. Dairy products are necessary for healthy development and growth, especially
for children [34–36]. The nutritional value of dairy products and their rich vitamin and
mineral content [37–41] make a significant contribution to consumer health [42,43]. Many
components in dairy products have been shown to have significant health promotion effects,
such as milk protein [44–48], milk fat [40,49,50], carbohydrates [51], minerals [31,49,52–54],
and vitamins [49,52,55–58]. These components of dairy products play a very positive role
in helping to reduce malnourishment worldwide [59]. A large number of epidemiological
studies have shown that the consumption of dairy products can reduce systolic blood
pressure [60–62], the risk of type 2 diabetes [63–65], colorectal cancer [66], stroke, and heart
disease [64,65]. Based on these proven positive nutritional effects of dairy products, it
can be said that the consumption of dairy products has brought beneficial health effects
to consumers of all ages, especially children. The National Promotion Plan of “Student
Drinking Milk Plan” (2021–2025) proposes that more than 60 countries promote student
drinking milk, benefiting more than 160 million children, a critical way to improve and
improve students’ nutritional health and physical fitness. China’s child malnutrition has yet
to be fundamentally solved, and the role of students drinking milk in improving nutrition
is crucial.

Many scholars have discussed the relevant factors affecting the consumption of dairy
products. Alwis et al. [67] reported that the price level and availability of dairy prod-
ucts are the main factors affecting people’s purchase and consumption of dairy products.
Grebitus et al. [68] pointed out that price, freshness, and shelf life are the most important
factors affecting the purchasing decision of dairy products, and the least important de-
terminant is additional information, such as recipes. Boniface et al. [69] emphasized that
for consumers, the price information of dairy products has a direct impact on purchasing
decisions. Špička [70] wrote that as financial conditions deteriorate, consumers will buy
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cheaper private-label dairy products. According to the research of Kurajdová et al. [71],
consumers attach great importance to the health and taste of dairy products, and these two
factors directly affect consumers’ purchasing decisions. Matulová et al. [72] reported that
the price of dairy products is affected by the existence of retail chains, and the number of
retail chains is closely related to the price of dairy products. Retail chain stores can transfer
the effects of market changes (mainly negative effects) to dairy product companies. Based
on the market structure for dairy products, dairy product companies further transfer these
negative price changes to farmers. The above-mentioned publications have discussed the
factors affecting the consumption of dairy products from many perspectives.

The emergence of the new coronavirus rapidly became a global health problem [73,74]
and the World Health Organization declared the COVID-19 pandemic to be a significant
public health emergency [75]. This outbreak significantly impacted agriculture [76–84],
particularly in the dairy industry, which was one of the worst affected. The supply chain
of the dairy industry is time-sensitive, and many dairy products can spoil quickly [85–92].
Due to the COVID-19 pandemic, many countries have experienced a notable increase in
unemployment rates, significantly impacting the global economy. The International Labour
Organization [93] reported that working hours were down 10.4% in 2020 compared to its
previously published findings. As a result, the global pandemic has hindered numerous
individuals’ participation in the workforce, which may lead to a decline in consumers’
purchasing power of dairy products.

The COVID-19 pandemic significantly impacted consumer behavior, particularly with
regard to the consumption of dairy products. With personal safety being a top priority,
people reduced their visits to physical markets to purchase dairy products. Additionally,
the pandemic’s adverse effects on global income and future income uncertainty led to a con-
scious reduction in expenditures on animal-derived foods. People increasingly attempted
to save money to cope with the economic risks associated with the pandemic, which may
have further contributed to the decline in dairy consumption. Studies conducted in coun-
tries such as Ethiopia [7] and Guatemala [11] have reported a negative impact on the dairy
product consumer market due to the COVID-19 pandemic. Despite the above findings, all
the findings that seem to have negative impacts on the dairy industry were not evident in
China; the Chinese dairy produce market during the pandemic had a completely different
sales situation from many other countries.

There are multiple reasons for the above differences. Firstly, the Chinese economy’s
robust driving force and the high savings rate among Chinese citizens contributed to a swift
recovery in consumer willingness to spend. This, in turn, positively impacted dairy product
sales in the country. As per a survey conducted in China regarding consumer attitudes [94],
it was observed that consumer confidence gradually recovered as the negative impacts of
the pandemic waned. The survey involved approximately 2500 Chinese consumers who
were asked about their use of consumer products. Based on the feedback received, the
majority of respondents anticipated that the usage and consumption of consumer products
would revert to the levels observed before the pandemic. Approximately 60% to 70% of
respondents expected that the consumption of consumer products would either return
to normal levels or slightly increase. Furthermore, 10% of the respondents indicated that
consumption of consumer products would significantly increase, reflecting a potential
delay in demand. Only 20% to 30% of respondents reported continuing to be cautious and
slightly or substantially reducing their consumption of various consumer products. On the
other hand, Chinese companies responded to the potential adverse effects of the pandemic
by taking positive measures, such as increasing their marketing and promotion efforts to
boost consumption.

Second, from the perspective of the supply side of China’s dairy product consumer
market, although some dairy farms in China encountered sales difficulties in the early
stages of the pandemic [78,95], starting from the second quarter of 2020, Chinese dairy
companies actively implemented the policy of “guarantee price, quality, and supply”.
Meanwhile, taking into account the particular circumstances during the pandemic, the
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Chinese government proposed that “immunity is the best special medicine”, and included
the slogan, “drink a glass of milk every day” in the national dietary guidelines. With
the efforts of enterprises and national and local governments, dairy products became the
choice of more consumers [96]. During the COVID-19 pandemic, the Chinese government
issued several policies to promote the consumption of dairy products. In order to prevent
and control COVID-19, the National Health Commission of China issued the “Nutritious
Dietary Guidelines for the Prevention and Control of Pneumonia from New Coronavirus
Infection” in 2020, encouraging people to consume a variety of milk and other dairy
products, especially yogurt, and encouraged people to consume 300 g of liquid milk per
day [97]. In the same year, in response to the COVID-19 pandemic, the State Council of
China issued a notice on stabilizing the production and supply of agricultural products,
and listed milk as a daily necessity for the first time [17]. In addition, in the “Letter on
the Specific Scope of Providing Key Guarantee Materials for COVID-19 Prevention and
Control” issued by the National Development and Reform Commission of China, milk was
listed as one of the key guarantee foods during the pandemic [14,18].

During the SARS pandemic in 2003, many Chinese consumers made lifestyle changes
in search of security, reducing the number and times of going out to public places. The
COVID-19 pandemic in 2020 once again changed the lifestyle and consumption patterns
of the Chinese population, and people also reduced the number and times of going out to
public places. However, people’s consumption of dairy products changed from the original
pattern of multiple and small purchases to the tendency to purchase less frequently and to
make one-time bulk purchases [98]. Although many dairy products are perishable, most
of the sales of dairy products in the Chinese market are in the form of liquid milk [27].
As early as 1997–2007, with the adoption of Tetra Pak packaging in the Chinese dairy
product market, UHT milk was promoted throughout China [14]. Although the sales of
low-temperature dairy products that are not shelf stable during the pandemic decreased,
the sales of UHT milk increased; due to the ultra-high temperature sterilization method
and the convenient storage of Tetra Pak, UHT milk became one of the important choices
for Chinese consumers to stock up during the pandemic [14]. In addition, taking into
account the particular circumstances during the pandemic, the Chinese government’s
vigorous publicity in which the government stated that consuming dairy products can
boost immunity, dairy products developed an improved image as having stronger health
attributes in many consumers’ perceptions. Despite the pandemic leading, overall, to
reduced spending on animal-derived foods, there was an increase in the consumption
of dairy products in China. Based on the above perspectives, this study proposes the
following hypothesis:

Hypothesis 1. In China, the COVID-19 pandemic increased the consumption of dairy products.

3. Method
3.1. Translog Model

Barclay and Brand-Miller [99] conducted a study in Australia, using the sales data
provided by beverage manufacturers, to analyze consumers’ preferences for sugar. The
study found that sugar consumption has declined in the past 30 years. In a similar study,
scholars used sales data to examine Canadian consumers’ consumption preferences for
drinks and alcohol [100,101]. Building on this past research, we have also used sales-related
data to evaluate trends in dairy consumption during the pandemic.

Several factors affect the estimation of the consumption of dairy products in China,
such as production, exports, and imports. Therefore, a rough estimation of dairy con-
sumption equals production plus imports minus exports. According to the “2021 China
Dairy Industry Quality Report” issued by the Ministry of Agriculture and Rural Affairs of
China [102], in 2020, China’s dairy production was 35.3 million tons. According to China
Customs [103] Statistics, in 2020, China imported 3.281 million tons of dairy products, and
China exported 42,940.84 tons of dairy products. Using the above figures to calculate the



Foods 2024, 13, 741 6 of 19

dairy consumption shows that the total dairy product consumption of the Chinese popula-
tion in 2020 was about 38.538 million tons (3530 + 328.12 − 4.294), of which the output of
Chinese dairy companies accounted for 91.49% and imported dairy products accounted
for 8.51%. It can be seen from the figures that in the dairy consumption structure of the
Chinese population, the vast majority of dairy products are produced by Chinese dairy
companies. In addition, given the high market concentration of China’s dairy industry
and the huge market share of China’s listed dairy companies [22–26], the sales-related
data of listed Chinese dairy products companies can serve as an effective proxy for the
consumption of dairy products.

The growth in dairy product sales is strongly linked to the population’s increasing
consumption of dairy products from the supply-side perspective. As per basic economic
theory, revenue is the product of product price and the quantity sold. In response to the
COVID-19 pandemic, Chinese dairy companies actively implemented the government’s
policy of ensuring dairy products’ price, quality, and supply. As a result, the prices of
dairy products in China remained stable, and any changes in the sales volume of dairy
products had a direct impact on the company’s revenues. On the demand side, any changes
in the quantity of dairy products purchased by consumers would also affect the revenues
of dairy firms. Therefore, the revenue changes in the dairy industry can provide a proxy
variable for trends in China’s dairy consumption from the viewpoint of dairy companies
and accounting statements. The proxy index in empirical research usually refers to the
main representativeness. Our indicators are highly representative of this research and are
also the most suitable indicators we can obtain, which can be used to achieve the purpose
of this research.

Tsai et al. [104] reported that high-quality human resources are the basis for the stable
progress of an enterprise. In China, the dairy industry is composed of a variety of human
resources, including people engaged as management personnel, research and development
professionals, and ordinary employees. The production function of the dairy industry is
as follows:

y = f (x1, x2, x3, f , d, b) (1)

y is the overall sales of dairy products; x1 represents the number of personnel input for
management; x2 represents the number of personnel input for research and development;
and x3 represents the number of personnel input for ordinary employees. f, d, and b,
respectively, represent the amount of investment in fixed assets, research and development
(R&D), and productive biological assets. According to economic theory, on the one hand,
input must be greater than 0: y, xi, f , d ≥ 0, and i = 1, 2, 3; on the other hand, these
theoretical variables need to meet the following conditions: ∂2 f (·)/∂x2

i ≤ 0, ∂2 f (·)/∂ f 2 ≤
0, ∂2 f (·)/∂d2 ≤ 0, and ∂2 f (·)/∂b2 ≤ 0.

This study uses the following equation to express the revenue function of the dairy industry:

r(p; x1, x2, x3, f , d, b) = max pysubjecttoy = f (x1, x2, x3, f , d, b) (2)

In Equation (2), r is the revenue of the dairy industry, and p is the price of dairy
products. In research, the Cobb–Douglas function is commonly used to convert the above
equation. Equation (3) represents the converted revenue function:

lnr = α0 + δlnp +
3

∑
i=1

αilnxi + β1ln f + δ1ln d + ϵ1ln b (3)

The output of the above model is a single output, and the important feature of this
model is that of homogeneous degree 1 in the output price (δ = 1). We normalize the model
by p = 1 [105] and express it using Equation (4):

lnr = α0 +
3

∑
i=1

αi ln xi + β1ln f + δ1ln d + ϵ1ln b (4)
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We further draw on the research methods of previous scholars on the translog revenue
function model [105], and specify the function model of the dairy industry in Equation (5),
as follows [106]:

ln r = α0 +
3
∑

i=1
αi ln xi + β1ln f + δ1ln d + ϵ1ln b + 1

2

3
∑

i=1

3
∑

l=1
αil ln xi ln xl +

1
2 β11(ln f )2 + 1

2 δ11(lnd)2

+ 1
2 ϵ11(lnb)2 +

3
∑

i=1
γi1lnxiln f +

3
∑

i=1
εi1lnxiln d +

3
∑

i=1
µi1lnxiln b + θ11ln f ln d

+ρ11ln f ln b + σ11ln d ln b

(5)

In this study, if αil = β11 = δ11 = ϵ11 = γi1 = εi1 = µi1 = θ11 = ρ11 = σ11 = 0, the
equation will return to the Cobb–Douglas function (log-linear specification).

3.2. Selection of Variables and Samples
3.2.1. How to Choose Samples

This study focuses on the changes in dairy consumption in the year the pandemic
began, so our data focused on years starting in 2020 and before. The largest pool of listed
companies in China, the CSMAR database, was used in a comprehensive analysis of the
revenue and input variables of China’s dairy industry between 2016 and 2020. To ensure
data integrity, we excluded some unreasonable data, such as dairy companies with zero total
revenue, zero employees across all categories, zero fixed assets, zero productive biological
assets, zero R&D investment, and so on. Ultimately, a quarterly dataset comprising 148 valid
observations was obtained.

3.2.2. Variable Definitions

We included multiple inputs from the dairy industry on the right-hand side of the
model, while the total revenue of the dairy industry (DREVENUE) serves as the depen-
dent variable on the left-hand side. To measure personnel input, we employed a set of
proxy variables, namely, management personnel (MSTAFF), R&D professionals (RSTAFF),
and ordinary employees (OSTAFF). Furthermore, we obtained the values of fixed assets
(FIXED), R&D investment (DEVELOP), and productive biological assets (BIOLOGY) from
the financial statements of the listed dairy companies to represent the corresponding asset
inputs, respectively.

This study considered an additional dummy variable called BIG, which represents
China’s top three largest dairy products companies with a very high market share. BIG has
a complete online ordering system and convenient door-to-door service. In the context of
the pandemic, BIG has addressed the problem of people going out less because of traffic
restrictions to a significant extent. The consumption of dairy products produced by BIG
and non-BIG enterprises differs. Therefore, this study adds the top three dairy product
companies (BIG) as a dummy variable. If a dairy product company belongs to China’s top
three dairy product companies, then BIG equals 1; otherwise, it equals 0. Table 1 provides
detailed definitions for all variables examined in this study. We referred to the study of
Coelli et al. [107] and added the annual variable (YEAR) to the model to control the influence
of different factors in different years and to cover the entire economic growth through the
YEAR variable. The addition of the YEAR variable in the econometric treatment reflects
the changes in the industry over time and technology and the supply and demand sides of
the industry. If the demand side of the enterprise increases with the economic growth, the
supply side will also change. These factors are all reflected in the YEAR variable, including
the impact of economic development, changes in GNP, changes in GDP, an increase in the
number of dairy enterprises, economic recession, and other factors, which are all included
in the annual factors.
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Table 1. Definition of all variables.

Variable
Definition

Theoretical
Variable

Proxy
Variable

r DREVENUE The revenue of dairy enterprise
x1 MSTAFF Number of all management employees
x2 RSTAFF Number of R&D employees
x3 OSTAFF Number of researchers and developers

EMPLOYEE Number of employees of all types
f FIXED Ending balance of fixed assets
d DEVELOP R&D expenses
b BIOLOGY Ending balance of productive biological assets

BIG BIG is a dummy variable. If the dairy product enterprise is not in the top three dairy
product enterprises in China, BIG is equal to 0; otherwise, it is equal to 1

COVID COVID is a dummy variable. If the year is between 2016 and 2019, COVID is equal to 0;
otherwise, it is equal to 1

YEAR In 2016, YEAR is equal to 1; in 2017, YEAR is equal to 2, and so on

After excluding other factors through the YEAR variable, we added a COVID dummy
variable to our analysis to assess the effect of the COVID-19 pandemic on the dairy products
market. When COVID equals 1, it represents data for 2020; when COVID equals 0, this
means data for the four years from 2016 to 2019.

3.3. Estimation Model

In this study, the theoretical model was rewritten into an estimation model, and the
relationship between DREVENUE, MSTAFF, RSTAFF, OSTAFF, FIXED, DEVELOP, and
BIOLOGY inputs in the dairy industry was represented by the translog revenue function.
COVID had a significant influence on the relationship among these variables. This study
used annual pooling data to calculate the model. We added BIG and YEAR to the model.
Next, we rewrote Equation (5):

lnDREVENUE = α0 + α1lnMSTAFF + α2lnRSTAFF + α3lnOSTAFF + β1lnFIXED + δ1lnDEVELOP
+ϵ1lnBIOLOGY + 1

2 α11 (ln MSTAFF)2 + 1
2 α22 (ln RSTAFF)2 + 1

2 α33 (ln OSTAFF)2

+ 1
2 β11 (ln FIXED)2 + 1

2 δ11 (ln DEVELOP)2 + 1
2 ϵ11 (ln BIOLOGY)2

+α12lnMSTAFFlnRSTAFF + α13lnMSTAFFlnOSTAFF + α23 ln RSTAFF ln OSTAFF
+γ11lnMSTAFFlnFIXED + γ21 ln RSTAFF ln FIXED + γ31 ln OSTAFF ln FIXED
+ε11lnMSTAFFlnDEVELOP + ε21ln RSTAFF ln DEVELOP + ε31 ln OSTAFF ln DEVELOP
+µ11lnMSTAFFlnBIOLOGY + µ21lnRSTAFFlnBIOLOGY + µ31 ln OSTAFFlnBIOLOGY
+θ11 ln FIXED ln DEVELOP + ρ11 ln FIXED ln BIOLOGY + σ11 ln DEVELOP ln BIOLOGY
+φ1 BIG + φ2 COVID + φ3 BIG COVID + τ1 YEAR + τ2 YEAR2

(6)

Equation (6) is the core model of this study. Through Equation (6) and the proxy
variables of this research, we can calculate the following equations, including the average
partial effect of various inputs.

The average partial effect (APE) of MSTAFF on DREVENUE:

∂ ̂ln DREVENUE/ ∂ln MSTAFF
= α̂1 + α̂11ln MSTAFF + α̂12ln RSTAFF + α̂13ln OSTAFF
+γ̂11ln FIXED + ε̂11ln DEVELOP + µ̂11ln BIOLOGY

(7)

The APE of RSTAFF on DREVENUE:

∂ ̂ln DREVENUE/ ∂ln RSTAFF
= α̂2 + α̂22ln RSTAFF + α̂12ln MSTAFF + α̂23ln OSTAFF
+γ̂21ln FIXED + ε̂21ln DEVELOP + µ̂21ln BIOLOGY

(8)
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The APE of OSTAFF on DREVENUE:

∂ ̂ln DREVENUE/ ∂ ln OSTAFF
= α̂3 + α̂33ln OSTAFF + α̂13ln MSTAFF + α̂23ln RSTAFF
+γ̂31ln FIXED + ε̂31ln DEVELOP + µ̂31ln BIOLOGY

(9)

The APE of FIXED on DREVENUE:

∂ ̂ln DREVENUE/ ∂ln FIXED
= β̂1 + β̂11ln FIXED + γ̂11ln MSTAFF + γ̂21ln RSTAFF
+γ̂31ln OSTAFF + θ̂11lnDEVELOP + ρ̂11ln BIOLOGY

(10)

The APE of DEVELOP on DREVENUE:

∂ ̂ln DREVENUE/ ∂ln DEVELOP
= δ̂1 + δ̂11ln DEVELOP + ε̂11ln MSTAFF + ε̂21ln RSTAFF
+ε̂31ln OSTAFF + θ̂11ln FIXED + σ̂11ln BIOLOGY

(11)

The APE of BIOLOGY on DREVENUE:

∂ ̂ln DREVENUE/∂ln BIOLOGY
= ϵ̂1 + ϵ̂11ln BIOLOGY + µ̂11ln MSTAFF + µ̂21ln RSTAFF
+µ̂31ln OSTAFF + ρ̂11ln FIXED + σ̂11ln DEVELOP

(12)

The APE of BIG on DREVENUE:

∂ ̂ln DREVENUE/∂BIG = φ1 + φ3 COVID (13)

The APE of COVID on DREVENUE:

∂ ̂ln DREVENUE/∂COVID = φ2 + φ3 BIG (14)

The APE of YEAR on DREVENUE:

∂ ˆln DREVENUE/∂YEAR = τ1 + 2 ∗ τ2 YEAR (15)

4. Results
4.1. Descriptive Statistics and Correlation Matrix

Table 2 depicts the statistical information on China’s dairy industry data from 2016 to
2020. It can be seen from Table 2 that in all years of the study period, most of the average
values of DREVENUE, RSTAFF, OSTAFF, FIXED, and BIOLOGY of the dairy industry
are greater than the median. This infers that the overall research data are tilted to the
right. The standard deviation of DREVENUE from 2016 to 2020 is at a relatively high
level, which means that, as a whole, the scale of different companies in the dairy industry
varies greatly. The average revenue of the dairy industry showed an overall upward trend
from 2016 to 2019, rising from CNY 3400 million in 2016 to RMB 3840 million in 2020.
This remarkable growth of approximately 12.94% over five years underscores Chinese
consumers’ escalating consumption of dairy products. This may also be related to inflation,
population growth or the pricing of dairy products. In addition, from 2016 to 2020, the
overall research and development investment (DEVELOP) of dairy products companies
showed an upward trend, with DEVELOP investment rising by 38.49%, which shows that
Chinese dairy enterprises attached importance to research and development. From the data
in 2020, it can be seen that as a result of the pandemic’s impact, dairy companies were still
actively investing in research and development, alongside continued expansion in FIXED,
BIOLOGY, MSTAFF, RSTAFF, and OSTAFF. This indicates a prevailing confidence within
China’s dairy industry regarding the prospects of the consumer market.
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Table 2. Descriptive statistics (the unit of DREVENUE, FIXED, DEVELOP, and BIOLOGY is
CNY million).

2016 (n = 29) 2017 (n = 29)

Variables Max Min Mean Median Std. Dev. Max Min Mean Median Std. Dev.

DREVENUE CNY
20,200.00

CNY
141.00

CNY
3400.00

CNY
1100.00

CNY
5220.00

CNY
22,000.00

CNY
154.00

CNY
3120.00

CNY
1240.00

CNY
5080.00

MSTAFF 18.00 13.00 16.00 17.00 1.60 17.00 13.00 15.45 16.00 1.40
RSTAFF 346.00 8.00 96.21 65.00 86.21 218.00 6.00 114.14 86.00 81.36
OSTAFF 54,621.00 1035.00 4940.17 1674.00 9828.42 7985.00 702.00 3154.97 1864.00 2526.24

EMPLOYEE 54,983.00 1255.00 5052.38 1879.00 9870.14 8055.00 724.00 3284.55 2075.00 2487.43

FIXED CNY
14,700.00

CNY
261.00

CNY
2020.00

CNY
647.00

CNY
3010.00

CNY
6120.00

CNY
257.00

CNY
1700.00

CNY
686.00

CNY
1850.00

DEVELOP CNY
172.00

CNY
1.68

CNY
33.23

CNY
30.94

CNY
30.25

CNY
49.51 CNY 1.44 CNY

28.93
CNY
34.61

CNY
15.95

BIOLOGY CNY
1310.00

CNY
29.66

CNY
273.00

CNY
75.50

CNY
397.00

CNY
1160.00

CNY
30.93

CNY
250.00

CNY
83.46

CNY
356.00

2018 (n = 31) 2019 (n = 30)

Variables Max Min Mean Median Std. Dev. Max Min Mean Median Std. Dev.

DREVENUE CNY
21,000.00

CNY
147.00

CNY
3100.00

CNY
1230.00

CNY
4760.00

CNY
22,600.00

CNY
193.00

CNY
3580.00

CNY
1380.00

CNY
5180.00

MSTAFF 17.00 10.00 13.45 15.00 2.61 17.00 12.00 14.53 14.00 1.74
RSTAFF 215.00 15.00 95.61 55.00 73.45 214.00 10.00 99.20 100.00 72.19
OSTAFF 12,662.00 494.00 3890.19 2004.00 4132.86 12,013.00 873.00 4366.60 2051.00 3855.84

EMPLOYEE 12,765.00 658.00 3999.26 2036.00 4121.06 12,125.00 922.00 4480.33 2078.00 3851.63

FIXED CNY
5950.00

CNY
563.00

CNY
1760.00

CNY
853.00

CNY
1730.00

CNY
7590.00

CNY
813.00

CNY
2030.00

CNY
1090.00

CNY
1920.00

DEVELOP CNY
64.59

CNY
3.91

CNY
28.17

CNY
28.73

CNY
19.45

CNY
69.75 CNY 3.18 CNY

38.14
CNY
47.74

CNY
26.29

BIOLOGY CNY
1080.00

CNY
34.41

CNY
265.00

CNY
93.73

CNY
327.00

CNY
966.00

CNY
36.10

CNY
290.00

CNY
262.00

CNY
282.00

2020 (n = 29) ALL (n = 148)

Variables Max Min Mean Median Std. Dev. Max Min Mean Median Std. Dev.

DREVENUE CNY
25,200.00

CNY
141.00

CNY
3840.00

CNY
1640.00

CNY
5770.00

CNY
25,200.00

CNY
141.00

CNY
3410.00

CNY
1260.00

CNY
5140.00

MSTAFF 19.00 11.00 14.72 15.00 2.46 19.00 10.00 14.81 15.00 2.18
RSTAFF 190.00 13.00 104.69 94.00 69.97 346.00 6.00 101.86 76.00 76.06
OSTAFF 11,750.00 1241.00 4843.97 2195.00 3890.47 54,621.00 494.00 4235.32 2051.00 5417.29

EMPLOYEE 11,856.00 1268.00 4963.38 2348.00 3894.63 54,983.00 658.00 4352.00 2078.00 5425.99

FIXED CNY
8370.00

CNY
710.00

CNY
2270.00

CNY
1190.00

CNY
2320.00

CNY
14,700.00

CNY
257.00

CNY
1950.00

CNY
951.00

CNY
2190.00

DEVELOP CNY
74.97

CNY
5.22

CNY
46.02

CNY
51.89

CNY
28.07

CNY
172.00 CNY 1.44 CNY

34.83
CNY
34.61

CNY
25.10

BIOLOGY CNY
851.00

CNY
36.23

CNY
346.00

CNY
383.00

CNY
282.00

CNY
1310.00

CNY
29.66

CNY
285.00

CNY
118.00

CNY
329.00

Note: Please refer to Table 1 for the definitions of the variables.

According to the study, the correlation coefficients for both Spearman and Pearson
are presented in Table 3. The values in Table 3 indicate that DREVENUE and COVID are
positively correlated. The possible reasons are (1) the Chinese government’s propaganda on
enhancing immunity by consuming dairy products during the pandemic, (2) the Chinese
government and enterprises’ guarantee of the price stability of dairy products, and (3) that
Chinese citizens were paying more attention to health during the pandemic. The above
reasons have resulted in consumers tending to adopt a consumption strategy of one-
time bulk purchases to hoard dairy products to a certain extent. Consumers’ increased
consumption of dairy products has led to an increase in the overall revenue for the dairy
industry. COVID has demonstrated a significant positive correlation with OSTAFF, FIXED,
DEVELOP, and BIOLOGY. This shows that Chinese dairy companies generally continued
to increase these investments even during the pandemic.
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Table 3. The Spearman and Pearson Correlation Coefficients.

DREVENUE MSTAFF RSTAFF OSTAFF EMPLOYEE FIXED DEVELOP BIOLOGY BIG COVID

DREVENUE
1.000 −0.329 *** −0.02 0.589 *** 0.588 *** 0.847 *** 0.488 *** 0.721 *** 0.597 *** 0.102
----- (0.000) (0.809) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.217)

MSTAFF
−0.268 *** 1.000 −0.036 −0.178 ** −0.178 ** −0.36 *** −0.359 *** −0.351 *** −0.257 *** −0.025
(0.001) ----- (0.662) (0.030) (0.031) (0.000) (0.000) (0.000) (0.002) (0.765)

RSTAFF
0.061 −0.096 1.000 0.113 0.126 0.022 0.543 *** −0.091 −0.196 ** 0.02
(0.458) (0.248) ----- (0.173) (0.126) (0.789) (0.000) (0.269) (0.017) (0.807)

OSTAFF
0.807 *** −0.247 *** −0.135 1.000 1.000 *** 0.836 *** 0.668 *** 0.527 *** 0.607 *** 0.047
(0.000) (0.002) (0.102) ----- (0.000) (0.000) (0.000) (0.000) (0.000) (0.574)

EMPLOYEE
0.817 *** −0.243 *** −0.052 0.994 *** 1.000 0.835 *** 0.675 *** 0.524 *** 0.603 *** 0.047
(0.000) (0.003) (0.533) (0.000) ----- (0.000) (0.000) (0.000) (0.000) (0.572)

FIXED
0.767 *** −0.443 *** −0.056 0.811 *** 0.806 *** 1.000 0.631 *** 0.806 *** 0.665 *** 0.065
(0.000) (0.000) (0.497) (0.000) (0.000) ----- (0.000) (0.000) (0.000) (0.432)

DEVELOP
0.506 *** −0.446 *** 0.624 *** 0.451 *** 0.493 *** 0.493 *** 1.000 0.387 *** 0.467 *** 0.186 **
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) ----- (0.000) (0.000) (0.024)

BIOLOGY
0.089 −0.218 *** −0.057 0.031 0.011 0.185 ** 0.14 * 1.000 0.378 *** 0.087
(0.281) (0.008) (0.493) (0.711) (0.890) (0.025) (0.090) ----- (0.000) (0.293)

BIG
0.755 *** −0.290 *** −0.059 0.844 *** 0.84 *** 0.845 *** 0.464 *** −0.024 1.000 0.003
(0.000) (0.000) (0.476) (0.000) (0.000) (0.000) (0.000) (0.774) ----- (0.970)

COVID
0.167 ** −0.053 0.005 0.139 * 0.128 0.152 * 0.207 ** 0.152 * 0.003 1.000
(0.043) (0.526) (0.955) (0.093) (0.121) (0.064) (0.012) (0.066) (0.970) -----

Note: Spearman’s coefficient on the left, Pearson’s coefficient on the right; Please refer to Table 1 for the definitions
of the variables; The significance levels are denoted by *, **, and *** representing the 10%, 5%, and 1% levels of
significance, respectively.

4.2. Test Whether the Pandemic Has an Impact on Dairy Consumption Trends

The objective of our research is to investigate the impact of the COVID-19 pandemic
on dairy consumption. With the outbreak of the pandemic in 2020 as the cut-off point, we
estimated dairy industry revenue using the Chow Test, and the F statistic measured was
equal to 2.82, rejecting the null hypothesis. This study uses its results to prove that the
COVID-19 pandemic affected the market for dairy products. On the basis of the above
results, we added COVID as a dummy variable to the translog revenue function to evaluate
the specific impact of COVID-19 on the market for dairy products. Furthermore, we
incorporated the use of BIG to analyze the differential impact of the pandemic on dairy
products sourced from various origins within the dairy products market.

4.3. Estimation Results
4.3.1. Study Model Validation

To ensure that the study results are accurately represented, the translog revenue
function was used instead of the Cobb–Douglas function in this study. The translog
function offers several advantages that are better suited to this study. The empirical results
of this study are presented in Table 4.

However, it is crucial to ascertain the accuracy of whether the translog revenue function
effectively represents the obtained results. Therefore, Equation (6) needs to be tested,
as follows:

αil = β11 = δ11 = ϵ11 = γi1 = εi1 = µi1 = θ11 = ρ11 = σ11 = 0 for all i = 1, 2, 3. (16)

According to the above equation, the F statistic for the given model is 2.75, as reported
in Table 4. Therefore, it was determined that the translog revenue function is a better
approach to assess the impact of the pandemic on dairy consumption, compared to the
Cobb–Douglas function and based on the test results.
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Table 4. Translog model estimates.

lnDREVENUE = α0 + α1lnMSTAFF + α2lnRSTAFF + α3lnOSTAFF + β1lnFIXED + δ1lnDEVELOP
+ϵ1lnBIOLOGY + 1

2 α11 (ln MSTAFF)2 + 1
2 α22 (ln RSTAFF)2 + 1

2 α33 (ln OSTAFF)2

+ 1
2 β11 (ln FIXED)2 + 1

2 δ11 (ln DEVELOP)2 + 1
2 ϵ11 (ln BIOLOGY)2

+α12lnMSTAFFlnRSTAFF + α13lnMSTAFFlnOSTAFF + α23 ln RSTAFF ln OSTAFF
+γ11lnMSTAFFlnFIXED + γ21 ln RSTAFF ln FIXED + γ31 ln OSTAFF ln FIXED
+ε11lnMSTAFFlnDEVELOP + ε21ln RSTAFF ln DEVELOP + ε31 ln OSTAFF ln DEVELOP
+µ11lnMSTAFFlnBIOLOGY + µ21lnRSTAFFlnBIOLOGY + µ31 ln OSTAFFlnBIOLOGY
+θ11 ln FIXED ln DEVELOP + ρ11 ln FIXED ln BIOLOGY + σ11 ln DEVELOP ln BIOLOGY
+φ1 BIG + φ2 COVID + φ3 BIG COVID + τ1 YEAR + τ2 YEAR2

(6)

Variable
Coeff

Variable
Coeff

t-Stat. t-Stat.

Intercept 570.664 (lnMSTAFF)(lnDEVELOP) −1.356
(2.755) (−1.169)

lnMSTAFF
−13.296 (lnMSTAFF)(lnBIOLOGY) −1.035
(−0.407) (−1.443)

lnRSTAFF
16.054 * (lnRSTAFF)(lnOSTAFF) 0.904 **
(1.779) (2.532)

lnOSTAFF
29.895 ** (lnRSTAFF)(lnFIXED) −1.432 ***
(2.264) (−2.945)

lnFIXED
−76.921 *** (lnRSTAFF)(lnDEVELOP) 0.705 **

(−3.690) (2.049)

lnDEVELOP
15.984 (lnRSTAFF)(lnBIOLOGY) −0.199
(1.595) (−0.702)

lnBIOLOGY
0.292 (lnOSTAFF)(lnFIXED) −2.182 ***

(0.064) (−3.472)

(lnMSTAFF)2 1.208 (lnOSTAFF)(lnDEVELOP) 0.157
(0.520) (0.388)

(lnRSTAFF)2 −0.294 (lnOSTAFF)(lnBIOLOGY) 0.238
(−1.262) (1.106)

(lnOSTAFF)2 0.447 (lnFIXED)(lnDEVELOP) −0.455
(2.612) (−1.091)

(lnFIXED)2 2.653 *** (lnFIXED)(lnBIOLOGY) −0.524
(4.548) (−1.545)

(lnDEVELOP)2 −0.189 (lnDEVELOP)(lnBIOLOGY) −0.071
(−1.187) (−0.088)

(lnBIOLOGY)2 0.352 ***
BIG

1.657
(3.326) (1.390)

(lnMSTAFF)(lnRSTAFF) 0.714
COVID

0.628 **
(0.689) (2.155)

(lnMSTAFF)(lnOSTAFF) −0.113
BIGCOVID

1.218 **
(−0.059) (2.029)

(lnMSTAFF)(lnFIXED) 2.098
YEAR

0.249 ***
(1.211) (3.10)

YEAR2 0.019 ***
(4.45)

Adjusted R-squared 0.822
Degrees of freedom 148

The null hypothesis (log-linear) (αil = β11 = δ11 = ϵ11 = γi1 = εi1 = µi1 = θ11 = ρ11 = σ11 = 0)
F-statistic value 2.75

Significance level 0.000

Note: The significance levels are denoted by *, **, and *** representing the 10%, 5%, and 1% levels of significance,
respectively; Please refer to Table 1 for the definitions of all variables used in this study.

4.3.2. Dairy Products Consumption Trends during the COVID-19 Pandemic

Table 5 shows that the average partial effect of YEAR on DREVENUE is positive and
significant, indicating that consumers increase their consumption of dairy products with
economic growth, technological changes, and an increase in the number of enterprises
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and other factors. After excluding other factors through the YEAR variable, based on the
data presented in Table 5, the average partial effect of COVID on DREVENUE is positive
and significant. According to Table 4, the translog model shows a significant positive
coefficient of COVID. This indicates increased dairy product consumption in China due to
the COVID-19 pandemic. Therefore, Hypothesis 1 is supported by the data.

Table 5. Average partial effects of variables.

APE Value Significance Test

APE_MSTAFF −0.936
H0 : α1 = α11 = α12 = α13 = γ11 = ε11 = µ11 = 0

F-stat. = 2.27
Sign. level = 0.03

APE_RSTAFF 0.069
H0 : α2 = α22 = α12 = α23 = γ21 = ε21 = µ21 = 0

F-stat. = 4.92
Sign. level = 0.00

APE_OSTAFF 0.674
H0 : α3 = α33 = α13 = α23 = γ31 = ε31 = µ31 = 0

F-stat. = 4.39
Sign. level = 0.00

APE_FIXED 0.258
H0 : β1 = β11 = γ11 = γ21 = γ31 = θ11 = ρ11 = 0

F-stat. = 4.38
Sign. level = 0.00

APE_DEVELOP 0.044
H0 : δ1 = δ11 = ε11 = ε21 = ε31 = θ11 = σ11 = 0

F-stat. = 1.94
Sign. level = 0.07

APE_BIOLOGY 0.070
H0 : ϵ1 = ϵ11 = µ11 = µ21 = µ31 = ρ11 = σ11 = 0

F-stat. = 2.43
Sign. level = 0.02

APE_BIG H0 : φ1 = φ3 = 0
When COVID = 0 1.657 F-stat. = 2.14
When COVID = 1 2.222 Sign. level = 0.12

APE_COVID H0 : φ2 = φ3 = 0
When BIG = 0 0.628 F-stat. = 3.58
When BIG = 1 1.464 Sign. level = 0.03

H0 : φ2 = φ3 = 0
APE_YEAR 0.211 F-stat. = 4.89

Sign. level = 0.00

We analyzed the possible reasons for this increase, taking into account the particular
circumstances during the pandemic when the Chinese government issued several policies
to promote people’s consumption of dairy products. Because of the government’s strong
publicity campaign and the special environment created by the pandemic, Chinese people
generally paid more attention to nutritional and health concerns than they might have if
there had been no pandemic. As a result of the challenges associated with transportation
caused by the pandemic, Chinese consumers were more inclined to hoard dairy products
(mainly UHT milk) through one-time bulk purchases [14]. Another reason that cannot
be ignored is that although people’s concerns about their own uncertain economic future
intensified, Chinese dairy companies actively implemented the policy of “guarantee price,
quality, and supply”, making the price of dairy products relatively stable without affecting
people’s purchasing power. Figure 1 lists several drivers connected with the COVID-19
pandemic that may have reduced or increased dairy consumption. It is clear that the drivers
of increasing dairy consumption were more robust in China.
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Figure 1. Several drivers connected with the COVID-19 pandemic that may have reduced or increased
dairy consumption.

The results presented in Table 5 demonstrate that the APE of COVID for non-BIG
enterprises (0.628) is comparatively smaller than the APE of COVID for BIG enterprises
(1.464). This suggests a higher inclination among consumers to purchase dairy products
from larger enterprises during the pandemic. A possible reason for this is that larger dairy
companies differ from small and medium-sized dairy companies. Larger dairy companies
have a broader sales network, more complete online sales channels, and door-to-door
services, more robust and resilient supply chains, and will have priority when it comes
to sourcing and distribution. As a result, the consumption of dairy products produced
by large enterprises rose more during the pandemic. Through an in-depth analysis of the
pandemic’s impact mechanism on consumption, we found that people’s restrictions on
going out and their fear of the virus during the pandemic are important reasons why people
may change their consumption patterns. Large dairy enterprises can provide convenience
and safety for consumers to a large extent, through the mechanisms of online sales and
door-to-door delivery.

5. Conclusions
5.1. Discussions and Suggestions

The COVID-19 pandemic significantly impacted consumers’ food spending due to
widespread social distancing measures, lockdowns, business closures, and the economic
insecurity that preceded the post-pandemic era. This global health crisis also posed sub-
stantial challenges for the dairy cattle sector while impacting consumption trends of dairy
products. However, the current, related study is relatively limited. Tesfaye et al. [7] and
Hirvonen et al. [6] reported that people have also been affected by the fear of the virus
since the pandemic and have reduced their frequency of going out. In Ethiopia, households
consuming dairy products have declined 11 percentage points. A previous study conducted
by Ceballos et al. [11] found that the pandemic led to a decrease in the consumption of
dairy products in rural Guatemala.

However, in developed countries such as the United States, studies have reported
increased dairy consumption during the pandemic [108]. In the US, lockdowns and restau-
rant closures led to an increase in people cooking at home, which boosted the consumption
of dairy products such as butter and liquid milk. The consumption of butter increased by
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more than 3% year on year, and the consumption of liquid milk increased by more than
2% year on year. Additionally, 70% of consumers indicated that they planned to buy the
same amount of refrigerated dairy, cheese, and butter during the pandemic; 20% planned
to buy more cheese and yogurt [108]. During the pandemic, the online purchase of dairy
products increased unprecedentedly. Compared with the same period in 2019, from March
to August 2020, the number of households where consumers bought butter and milk online
increased by more than 200% [108]. US dairy product consumption has increased due to
increased cheese and butter consumption. Our study found some similarities between
dairy product consumption trends in China and the United States.

Based on economic theory and accounting data from the dairy cattle sector, our
findings reveal that COVID-19 resulted in a significant surge in the consumption of dairy
products in China. However, we also identified some challenges that need to be addressed.
The increase in dairy consumption during the pandemic may be attributed to the policies
implemented by the Chinese government to encourage the consumption of dairy products,
in particular, in light of the unique circumstances of the pandemic. It may also be related
to the Chinese dairy cattle sector’s active implementation of the “guarantee price, quality,
and supply” policy. People generally paid more attention to nutrition during the pandemic,
and there was an increase in the number of meals prepared and eaten at home.

Despite the surge in overall dairy product consumption in China attributed to the
COVID-19 pandemic, it is imperative to acknowledge the concurrent societal challenges
precipitated by this global health crisis. When people face economic uncertainty, such as
during a pandemic, they often reduce food expenditure (especially those at the bottom of
the income pyramid). They also tend to save more money, which reduces Engel’s coefficient.
Any major crisis will profoundly impact the lower strata of the income pyramid, leading to
a reduction in nutritional intake among this population segment. Consequently, despite
an overall increase in dairy product consumption within society as a whole during the
pandemic, low-income groups in China, particularly vulnerable during pandemics, may
have encountered challenges in accessing adequate quantities of dairy and other food
products. Urgent government support is imperative in crisis situations to ensure nutritional
security for this economically disadvantaged population.

Based on the above societal challenges, we put forward these suggestions. The govern-
ment can consider starting from the following two aspects: First, the COVID-19 pandemic
significantly impacted the disposable income of the low-income segment of the population.
The government may consider providing this group of people with emergency purchas-
ing subsidies for dairy products and other foods to provide nutritional protection for the
low-income segment of the population during a pandemic. Second, the government can
consider directly distributing dairy products and other nutrients to low-income families or
individuals in any major public health emergency. In addition, to provide sufficient quanti-
ties of dairy products to the poorer groups in society, dairy products could be included in
the ration plan for a significant period of time. Meanwhile, in terms of enterprises, dairy
companies could consider cooperating with organizations such as the Red Cross and Hope
Primary Schools to donate or sell dairy products at low prices, thus allowing people in
poverty to obtain more nutritional protection during pandemics.

5.2. Limitations and Future Studies

This study examined the effects of the COVID-19 pandemic on dairy consumption
from the perspective of the Chinese dairy cattle sector, focusing on the year when the
pandemic began by comparing data from previous years. Although the import and export
volume of dairy products has not reached 10% of the total consumption, if scholars can
obtain detailed data on the input, output, and sales of the imports and exports of dairy
product companies, this area of study should be able to obtain more accurate results.

Author Contributions: Data Curation, J.C.; Formal Analysis, C.-C.Y.; Investigation, J.C.; Methodology,
C.-C.Y.; Supervision, Y.L.; Writing—Original Draft, J.C.; Writing—Review and Editing, Y.L. All
authors have read and agreed to the published version of the manuscript.



Foods 2024, 13, 741 16 of 19

Funding: This research was funded by the Humanities and Social Science Foundation of the Ministry
of Education, grant number (23YJCZH234).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Long, W.; Zeng, J.; Sun, T. Who lost most wages and household income during the COVID-19 pandemic in poor rural China?

China World Econ. 2021, 29, 95–116. [CrossRef]
2. Lai, S.; Lu, L.; Shen, C.; Yan, A.; Lei, Y.; Zhou, Z.; Wang, Y. Income loss and subsequent poor psychological well-being among the

Chinese population during the early COVID-19 pandemic. Int. J. Equity Health 2023, 22, 219. [CrossRef] [PubMed]
3. Jin, H.; Wang, H.; Li, X.; Zheng, W.; Ye, S.; Zhang, S.; Pennington, M. Economic burden of COVID-19, China, January–March,

2020: A cost-of-illness study. Bull. World Health Organ. 2021, 99, 112. [CrossRef]
4. Chi, X.; Chen, S.; Chen, Y.; Chen, D.; Yu, Q.; Guo, T.; Zou, L. Psychometric evaluation of the fear of COVID-19 scale among

Chinese population. Int. J. Ment. Health Addict. 2021, 20, 1273–1288. [CrossRef] [PubMed]
5. Attwood, S.; Hajat, C. How will the COVID-19 pandemic shape the future of meat consumption? Public Health Nutr. 2020,

23, 3116–3120. [CrossRef] [PubMed]
6. Hirvonen, K.; Abate, G.T.; De Brauw, A. Food and Nutrition Security in Addis Ababa, Ethiopia during COVID-19 Pandemic; Working

Paper 143; International Food Policy Research Institute: Addis Ababa, Ethiopia, 2020.
7. Tesfaye, A.; Habte, Y.; Minten, B. The Quest for Safer Foods: The COVID-19 Crisis and Dairy Value Chains in Ethiopia. Available

online: https://essp.ifpri.info/2020/05/12/the-quest-for-safer-foods-the-covid-19-crisis-and-dairy-value-chains-in-ethiopia/
(accessed on 11 July 2021).

8. Masters, W. How the COVID-19 Pandemic Has Dramatically Affected Agriculture and the Way We Eat. Available online: https://
www.pbs.org/newshour/economy/how-thecovid-19-pandemic-has-dramatically-affected-agriculture-and-the-way-we-eat
(accessed on 11 July 2021).

9. Olaimat, A.N.; Shahbaz, H.M.; Fatima, N.; Munir, S.; Holley, R.A. Food safety during and after the era of COVID-19 pandemic.
Front. Microbiol. 2020, 11, 1854. [CrossRef] [PubMed]

10. AL-Hawari, A.R.; Balasa, A.P.; Slimi, Z. COVID-19 impact on online purchasing behaviour in Oman and the future of online
groceries. Eur. J. Bus. Manag. Res. 2021, 6, 74–83. [CrossRef]

11. Ceballos, F.; Hernandez, M.A.; Paz, C. Short-term impacts of COVID-19 on food security and nutrition in rural Guatemala:
Phone-based farm household survey evidence. Agric. Econ. 2021, 52, 477–494. [CrossRef] [PubMed]

12. Zeng, C.Y.; Feng, Y. Viewing of the strength of the national economy for fighting against crisis from the case of SRAS. Beijing Inst.
Technol. 2004, 6, 13–15. (In Chinese)

13. Wen, Z.; Huimin, G.; Kavanaugh, R.R. The impacts of SARS on the consumer behaviour of Chinese domestic tourists. Curr. Issues
Tour. 2005, 8, 22–38. [CrossRef]

14. Peng, H.; Dong, X.; Ren, Q. Analysis of the impact of the novel coronavirus pneumonia epidemic on the consumption and sales
of dairy products in 2020. Shanghai. J. Agric. 2020, 36, 114–121. (In Chinese)

15. Fang, J. Special marketing during SARS. Bus. Commun. 2007, 2, 62–63. (In Chinese)
16. Guo, W. The rapid increase in sales of dairy products in Beijing during the SARS period. China Dairy Ind. 2003, 5, 29. (In Chinese)
17. Dairy Intelligence, Have You Noticed? Milk Was First Identified as a Necessities of Life by the Central Government. Available

online: https://www.163.com/dy/article/f5lhkqah0525evhb.html (accessed on 10 November 2021). (In Chinese).
18. National Development and Reform Commission. Letter of the General Office of the National Development and Reform

Commission on the Specific Scope of Key Support Materials for COVID-19 Prevention and Control. Available online: https:
//www.ndrc.gov.cn/xxgk/zcfb/tz/202002/t20200220_1220796_ext.html (accessed on 10 November 2021). (In Chinese)

19. Wu, X.; Lu, Y.; Xu, H.; Lv, M.; Hu, D.; He, Z.; Feng, Y. Challenges to improve the safety of dairy products in China. Trends Food Sci.
Technol. 2018, 76, 6–14. [CrossRef]

20. Huang, J.; Xu, C.C.; Ridoutt, B.G.; Liu, J.J.; Zhang, H.L.; Chen, F.; Li, Y. Water availability footprint of milk and milk products
from large-scale dairy production systems in Northeast China. J. Clean. Prod. 2014, 79, 91–97. [CrossRef]

21. Ministry of Agriculture. 2016–2020 National Dairy Industry Development Plan. Available online: http://www.gov.cn/zhengce/
2017-01/11/content_5158842.htm (accessed on 17 November 2021). (In Chinese)

22. Jinghua Times. Ministry of Industry and Information Technology: The Concentration of the Top 10 Industries of Domestic Dairy
Enterprises Exceeds 65%. Available online: https://finance.huanqiu.com/article/9CaKrnJVYaA (accessed on 17 November 2021).
(In Chinese).

23. China Business Industry Research Institute. Revenue Ranking of Listed Companies in China Dairy Industry in the First Half of
2017. Available online: https://www.sohu.com/a/208793862_642249 (accessed on 17 November 2021). (In Chinese).

https://doi.org/10.1111/cwe.12396
https://doi.org/10.1186/s12939-023-02022-1
https://www.ncbi.nlm.nih.gov/pubmed/37848883
https://doi.org/10.2471/BLT.20.267112
https://doi.org/10.1007/s11469-020-00441-7
https://www.ncbi.nlm.nih.gov/pubmed/33456407
https://doi.org/10.1017/S136898002000316X
https://www.ncbi.nlm.nih.gov/pubmed/32782062
https://essp.ifpri.info/2020/05/12/the-quest-for-safer-foods-the-covid-19-crisis-and-dairy-value-chains-in-ethiopia/
https://www.pbs.org/newshour/economy/how-thecovid-19-pandemic-has-dramatically-affected-agriculture-and-the-way-we-eat
https://www.pbs.org/newshour/economy/how-thecovid-19-pandemic-has-dramatically-affected-agriculture-and-the-way-we-eat
https://doi.org/10.3389/fmicb.2020.01854
https://www.ncbi.nlm.nih.gov/pubmed/32849446
https://doi.org/10.24018/ejbmr.2021.6.4.923
https://doi.org/10.1111/agec.12629
https://www.ncbi.nlm.nih.gov/pubmed/34149131
https://doi.org/10.1080/13683500508668203
https://www.163.com/dy/article/f5lhkqah0525evhb.html
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202002/t20200220_1220796_ext.html
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202002/t20200220_1220796_ext.html
https://doi.org/10.1016/j.tifs.2018.03.019
https://doi.org/10.1016/j.jclepro.2014.05.043
http://www.gov.cn/zhengce/2017-01/11/content_5158842.htm
http://www.gov.cn/zhengce/2017-01/11/content_5158842.htm
https://finance.huanqiu.com/article/9CaKrnJVYaA
https://www.sohu.com/a/208793862_642249


Foods 2024, 13, 741 17 of 19

24. China Business Radio. Yili Prepares to Continue to Rank First in the Global Dairy Market Share. Available online: http:
//www.cnr.cn/list/finance/20161108/t20161108_523252327.shtml (accessed on 17 November 2021). (In Chinese).

25. Industry Information Network. Market Concentration and Sales Analysis of China’s Dairy Industry. Available online: https:
//www.chyxx.com/industry/201806/647003.html (accessed on 17 November 2021). (In Chinese).

26. Beiketouyan. In Addition to Yili Shares, Who May Become the Dairy Industry with Competitive Players? Available online:
http://mp.cnfol.com/52607/article/1610291337-139616639.html (accessed on 17 November 2021). (In Chinese).

27. Zhiyan Consulting. Comparative Analysis of China’s Liquid Milk Industry Output and Leading Companies in 2020: Yili
VS Mengniu. Available online: https://www.chyxx.com/industry/202108/968195.html (accessed on 18 November 2021).
(In Chinese).

28. Maitah, M.; Smutka, L. Economic analysis of milk production and consumption in the Middle East and North Africa. Acta Univ.
Agric. Silvic. 2012, 60, 245–254. [CrossRef]

29. Visioli, F.; Strata, A. Milk, dairy products, and their functional effects in humans: A narrative review of recent evidence. Adv.
Nutr. 2014, 5, 131–143. [CrossRef]

30. Kubicová, L’.; Predanocyová, K.; Kádeková, Z. Factors affecting the demand for milk and dairy products in the Slovak Republic.
Pap. Econ. 2019, 11, 39–47. [CrossRef]

31. Górska-Warsewicz, H.; Rejman, K.; Laskowski, W.; Czeczotko, M. Milk and dairy products and their nutritional contribution to
the average polish diet. Nutrients 2019, 11, 1771. [CrossRef]

32. Kharin, S. Horizontal price transmission on the Russian dairy market: Nonlinear approach. Pap. Econ. 2019, 11, 45–54. [CrossRef]
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