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a b s t r a c t 

Rapid economic growth and urbanization are driving a growing and changing demand for food in China. However, 
food production has contributed significantly to greenhouse gas (GHG) and human-induced nitrogen emissions. 
Specifically, beef and pork are two major contributors to China’s direct GHG footprint from livestock. The shift 
from conventional meat to meat protein alternatives is reportedly one of the promising strategies to reduce 
resource use and emissions. The paper reviews the literature on whether novel meat alternatives can contribute 
to the attainment of sustainable development goal 2 (SDG 2), whether meat alternatives have a lower ecological 
footprint, and whether its supply is sustainable – a step toward achieving SDG 12. We observed that most studies 
portrayed the environmental footprint of meat alternatives in favourable terms, with few dissenting opinions. In 
addition, meat alternatives have been shown to expand the supply of protein, possess attributes that are important 
for food stability and can increase the availability of protein-rich foods to meet the nutritional needs of people. 
However, there are safety concerns and negative perceptions among the public. The insights from this study 
will be useful in assessing the prospects and informing decisions in moving towards responsible production, 
consumption and food security in China. 
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. Introduction 

The proportion of moderately and severely food insecure people have
een slowly increasing globally in recent years, with the Covid-19 pan-
emic making this rate of increase dramatic ( Pereira & Oliveira, 2020 ;
asgupta & Robinson, 2022 ). According to FAO (2021) , in 2020, one-

hird of the world’s population lacked year-round access to adequate
ood. One of the challenges to food security is coping with the shortage
f food supplies due to increasing populations and dietary changes as-
ociated with economic development ( Ma et al., 2018 ). With the world
opulation projected to increase to 9 billion by 2050, global food pro-
uction would need to increase by 70% to meet the food needs of ap-
roximately 9 billion people ( McCarthy et al., 2018 ). However, there is
 limit to the resources available for food production, and overuse of
hese resources will have unfavourable effects on food production. 

In addition, reducing greenhouse gas (GHG) emissions while ensur-
ng food sufficiency is a huge task for the current food systems. In recent
ears, there has been a growing awareness of the negative environmen-
al impact of agricultural production. Food production contributes sig-
ificantly to GHG emissions, with livestock supply chains specifically
ontributing significantly to global GHG emissions and human-induced
itrogen emissions ( Bekuma et al., 2019 ; Uwizeye et al., 2020 ). For ex-
∗ Corresponding author. 
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mple, beef and pork consumption which are the two major contributors
o China’s direct GHG footprint from animal source food consumption,
ose significantly between 1987 to 2017, with the former increasing
rom 94 to 172 Mt CO 2 e while the latter contributed 120 Mt CO 2 e as of
017 ( Zhang et al., 2022a ). 

As the economy grows in China, consumer demand for animal
ource food is increasing. In the past three decades, per capita beef and
ork consumption have increased over seven and fourfold, respectively
 He et al., 2018 ; Zhang et al., 2022a ). On the one hand, while meat
onsumption is growing rapidly, there are indications that its produc-
ion, on the other hand, is putting enormous stress on the environmental
imits and resources of the planet ( Cao et al., 2020 ). Given these statis-
ics and the fact that China is the largest meat producer, consumer and
xporter ( Dzhancharova et al., 2021 ), only a move towards sustainable
roduction and a shift to sustainable diets from the consumer side can
revent a food and environmental crisis in the future (Carthy et al.,
018; Anomaly, 2020 ). 

Most recently, the focus in industrialised countries has been on pro-
ucing new protein substitutes which are more environmentally friendly
 Yu et al., 2020 ; Zhang et al., 2022b ). Meat alternatives have been
romoted as sustainable options ( Hu et al., 2019 ; Hwang et al., 2020 ;
oucke et al., 2022 ). Meat analogues, one of the alternatives, mainly
ember 2022 
rticle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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onsist of plant-centred food products designed to imitate the organolep-
ic characteristics of meat ( Ismail & Huda, 2022 ). Examples include mi-
roalgae, fungi, and plant-based meat ( Mok et al., 2020 ; Green et al.,
022 ). However, from a nutritional point of view, there is a concern
bout whether these alternatives can match foods from animal sources
uch as meat, milk and eggs, as well as food safety concerns ( Tso &
orde, 2021 ; Liu et al., 2022 ). In China, consumers’ attitudes, percep-
ions and preferences toward meat alternatives from plant sources are
till unclear. 

Although there have been several reviews on meat alternatives (for
xample, Bryant & Barnett, 2018 ; Weinrich, 2019 ; He et al., 2020 ;
oukid, 2021 ), however, these reviews do not cover Chinese consumers
r do not discuss the prospects of such foods from the perspective of its
potential) contribution to attaining the sustainable development goals
SDGs) in China. Bryant & Barnett (2018) identified some of these gaps
nd suggested the need for future research to focus on larger meat-
onsuming countries such as China. Thus, this review employs a narra-
ive approach to synthesize the extant literature as to (i) whether novel
oods (with a focus on meat alternatives) have the potential to contribute
o the attainment of SDG 2 (end hunger, achieve food security and im-
rove nutrition), (ii) if meat alternatives have reduced environmental
mpact and ecological footprint, and whether its supply is more sustain-
ble – a step towards achieving SDG 12 (ensuring sustainable consump-
ion and production patterns). 

In the rest of the sections, we summarize the popular meat alterna-
ives, then synthesize the existing literature on the food security situ-
tion in China, highlighting the achievements and concerns. Then we
malgamate the evidence from different studies on how meat alterna-
ives can be harnessed for food security. We also provide an overview of
 body of research on the environmental benefit and sustainability in the
roduction of novel foods and present new insights into the implications
f a shift towards sustainable consumption [1] for SDG2 and SDG12. Fi-
ally, we identify research gaps and suggest a research agenda. Although
his review focuses on China, we also drew on some global studies to
omplement the limited number of studies focused solely on China. 

. Meat alternatives 

This review focuses on meat alternatives such as plant-based meat
lternatives, edible fungi and microalgae, cultured meat and insects, as
he potential of these alternative protein sources has been highlighted
n numerous studies. We also focus on these foods because they are ei-
her popular or gaining attention in China ( Liu et al., 2019 ; Wang &
crimgeour, 2022 ). We return to this aspect in Section 3 . 

Edible insects have long been consumed in China, dating back over
000 years. Over 300 species of insects with edible value have been tax-
nomically classified in China (Feng et al., 2022). However, only about
0 types of these insects are regularly consumed ( Feng et al. 2018 ). This
uggests that the potential of edible insects has not been maximized
n China. Notably, their use in innovative forms as alternative protein
ources to meat is only gaining traction. 

Meat alternatives from plant sources are mainly produced from
ulses such as soy, cereals, fungus protein, or other novel protein sources
 Megido et al., 2016 ; Onwezen et al., 2021 ). Also, some contain added
itamins and minerals, which are naturally available in meat ( Van Vliet
t al., 2020 ). However, there are findings that suggest that some meat
lternatives lack nutrients such as amino acids, phenols, fatty acids, anti-
xidants, peptides or biogenic amines, which have important health ben-
fits when consumed ( van Vliet et al., 2021 ; Salomé et al., 2021 ). 

Cultured meat is the state of the art of meat alternative produced
rom cultured cells obtained from a living animal through biopsy. The
ells are cultured on a substrate, developed into muscle and fat tis-
ue and processed into various meat products (Bryant & Sanctorum,
021). Cultured meat arguable produces genuine animal meat but with-
ut the environmental footprint of conventional meat. Studies (e.g.,
hang et al., 2020 ) have suggested that Chinese consumers have limited
2 
nowledge of cultured meat and also portray different levels of accep-
ance towards cultured meat. We elaborate on this point in section 5 . 

Edible fungi (e.g. Fusarium venenatum ) are good meat alternatives
ince they are rich in protein and dietary fibre and are low in fat con-
ent ( Zhang et al., 2022b ; Kurek et al., 2022 ). Edible fungi contain many
ssential nutrients hence their popularity as the third food source be-
ind plant-based and animal-based foods ( Yu et al., 2020 ). In addition,
ome edible fungi have a high content of sulphur-containing amino
cids, which gives them a distinctive meaty flavour ( González et al.,
020 ; Zhang et al., 2022b ). Microalgae are also reported to be suitable
eat alternatives and have the potential to meet dietetic requirements

 Kumar et al., 2022 ), albeit given relatively less attention in the litera-
ure. Arthrospira sp. and Chlorella sp. ( Fu et al., 2021 ) are notable exam-
les of microalgae. However, its main drawbacks are the underdevel-
ped technologies for large-scale production to mimic meat ( Caporgno
 Mathys, 2018 ). We summarize these protein sources in Fig. 1 as ex-
mples of product forms and types. 

. Food security situation in China 

.1. Achievements and concerns 

As with many countries globally, the increasing population in China
ontinues to drive food demand. However, satisfying this food demand
mposes a strain on natural resources and the environment. As one of the
orld’s most populous countries, China maintains food security as one of

ts top priorities ( Cui & Shoemaker, 2018 ). Since China feeds more than
0% of the world’s population on less than 9% of the world’s arable land,
hina’s food security is not only crucial for economic growth and social
tability but also has a substantial impact on improving the global food
ystem ( Niu et al., 2021 ). Over the past decades, China has greatly im-
roved its food security ( Zhang, 2018 ; Liu et al., 2020 ). This is evident in
he 74% rise in food grain production from 354 million four decades ago
o 618 million tonnes in 2017 ( Cui & Shoemaker, 2018 ). On the other
and, this progress is demonstrated by the decline of the undernourished
opulation from 24% in 1992 to less than 2.5% in 2017 ( Zhong et al.,
021 ). Yet the achievements in food security have also come at a tremen-
ous environmental cost ( Cui & Shoemaker, 2018 ; Wang, 2019 ). 

Past studies estimate that between 2020 and 2050, increasing food
emand in China, particularly for animal products, is predicted to need
–12 Mha additional pasture contributing up to 16% growth in agricul-
ural greenhouse gas (GHG) emissions. Additionally, at current trends,
he 15%–24% of agricultural imports to China needed to fill the produc-
ion shortfall in 2050 is estimated to produce 88–226 MtCO2 equivalent
r − 1 of GHG emissions ( Zhao et al., 2021 ). 

Alarmingly, China’s rapid rise in food production is also largely at-
ributed to the massive input of chemical fertilizers. Data from the China
ureau of Statistics show that China’s fertilizer use increased from 44.12
illion tonnes in 2003 to 60.23 million tonnes in 2015, accounting for
ore than a third of the world total ( Ji et al., 2020 ). As a result, environ-
ental issues such as water contamination, soil acidification, nitrogen
eposition and increased greenhouse gases are intensifying due to ex-
essive fertilizer use ( Yu et al., 2019 ; Yuan et al., 2021 ). 

Meanwhile, the expanding economy and rapid urbanization have
lso altered the food preferences of the general population ( Xiong et al.,
022 ). Hovhannisyan & Devadoss (2020) indicated that China’s urban-
zation has substantially raised the country’s need for animal protein.
his surge in meat demand and consumption has stimulated rapid live-
tock production in China ( Wang et al., 2017 ). However, with limited
and and water resources to expand livestock production and the accom-
anying increasing adverse impacts on animal welfare, climate change
nd the environment, one of the obstacles China must overcome to attain
ood security is supplying the growing demand for meat in a sustainable
anner ( Alexander et al., 2017 ). This may be possible with a shift to-
ard the supply of protein from alternative sources such as novel foods
 Taufik, 2018 , Hu et al., 2019 ). 
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Insects
Product form

Powdered, whole
Product types examples

Burgers, susages

Plant-based meat
Product form

Comminuted or whole muscle mimic
Product types examples

Burgers, susages, pate, ribs, nuggets

Cultured meat
Product form

Comminuted or whole muscle
Product types examples

Burgers, susages, pate, ribs, ham, 
meatballs

Edible fungi and microalgae
Product form

Comminuted or powdered
Product types examples

Burgers, susages, meatballs

Fig. 1. Main types of meat alternatives (Adapted from 

Joshi & Kumar (2015) ; Ko ł odziejczak et al. (2021) ; 
Jahn et al. (2021) ) 
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.2. Harnessing alternatives to meat protein for food security 

In China, most consumers obtain about 60% of daily protein from
lant sources suggesting that the Chinese eat less meat overall compared
o many developed countries ( Phelps, 2018 ). However, animal meat (red
eat specifically) is second only to grains as the primary source of pro-

ein ( Zhou et al., 2022 ). Based on the gap between future demand and
urrent meat supply capacity, and in the face of the environmental im-
act of meat, there is an increasing need to produce alternatives to meat
3 
rotein to complement or substitute other sources of protein ( Lee et al.,
020 ). 

Plant-based meats, lab-based meats (e.g., cultured meat, fungi based-
eat) and edible insects are among the novel foods that are currently
opular as meat protein substitutes. In China, insects are the prime
hoice to increase food security and prevent protein-based malnutrition
 Hartmann et al., 2015 ). This is because insects have a high efficiency
f land use and feed conversion, low production costs, a quicker rate of
eproduction as well as high nutritional values ( Hartmann et al., 2015 ;
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eng et al., 2018 ; Tang et al., 2019 ). Besides, there is high acceptance
mong the Chinese public for insects. 

Alternatives to meat protein are also anticipated to contribute sig-
ificantly to food security ( Alexander et al., 2017 ; Gómez-Lucian et al.,
019 ; Zhang et al., 2020 ; Verneau et al., 2021 ). This contribution can
e assessed in the way that these protein sources provide alternatives
o meat by expanding the supply of protein and increasing the avail-
bility of protein-rich foods to meet the nutritional needs of more peo-
le ( Abril et al., 2022 ). With the forecast that global food costs will
ncrease by 30 to 50 % by 2050, the creation of meat alternatives could
elp mitigate the rise in food prices and the lack of food supply, al-
owing more people economic access to nutritious food ( Calabrese and
erranti, 2019 ; Ismail et al., 2020 ). However, cultured meat, fungi, mi-
roalgae and some edible insects are not yet economically viable on a
arge scale ( Bashi, 2019 ). 

Regarding food safety, Ben-Arye & Levenberg (2019) remarked that
oor animal welfare conditions in conventional livestock production
ystems result in food-borne disease outbreaks and that these meat pro-
ein alternatives reduce such risks and increase the safety of food. Fur-
hermore, meat alternatives are also reported to provide nutrition while
educing the risk of cardiovascular disease, diabetes, hypertension and
besity associated with meat consumption ( Hu, 2003 ; Vatanparast et al.,
022). In addition, meat alternatives have desirable attributes such as
onger shelf life, are easier to store and have stable prices compared to
onventional meat as its production is less susceptible to seasonal fluc-
uations in supply ( Kumar et al., 2017 ). 

From these perspectives of being a source of safe and nutritious food
nd ensuring protein availability, access and stability, there is a poten-
ial for these sources of protein to contribute to food security. How-
ver, some findings suggest that for those alternatives to meat protein
hat aim to mimic meat (meat analogues) to be able to provide similar
utrient composition as traditional meat products, it requires a com-
ination of several ingredients and a high level of processing making
t an ultra-processed food with the debate over its health credentials
see Bohrer, 2019 ; Boukid, 2021 ; Franca et al., 2022 ). 

. Environmental benefit and sustainability of meat alternatives 

ithin the context of SDG 12 

The shift from meat to meat alternatives has arguably become an
opular strategy to reduce resource use and emissions associated with
eat production ( Bryant et al., 2019 ; Thavamani et al., 2020 ). In

ome cases, these new foods maximizes the use of production resources
 Calabrese & Ferranti, 2019 ; Ismail et al., 2020 ). For example, there
re findings that an equivalent amount of animal protein can be ob-
ained from insects with fewer resources such as land and water com-
ared with traditional meat such as cattle, pigs and poultry ( Feng et al.,
018 ; McClements & Grossmann, 2022 ). Previous studies have also re-
orted that the environmental impacts of plant-based meat and cul-
ured meat are less than those of conventional meat. For example,
houdhury et al. (2020) demonstrated that cultured meat production
ecreases greenhouse gas emissions by 78-96% compared to animal
eat production. Van Mierlo et al. (2017) , using life cycle assessment

LCA), determined that plant-based meat has the potential to mitigate
limate change and land usage impacts by up to 87% and 58%, respec-
ively. Even with respect to processed foods, Heller et al. (2019) com-
ared Beyond Meat plant-based burgers to conventional beef burgers
nd determined that plant-based burgers have a much less ecological
ootprint. 

In contrast, Mierlo et al. (2017) argued that there is no evident ad-
antage to the quantity of fossil fuels used in producing meat alterna-
ives. Sometimes, more fossil fuels are needed for processing insects than
onventional meat. Similarly, compared to pork production, the current
nergy use in cultured meat production is reportedly higher in China
 Sun et al., 2015 ). Also, for cultured meat, there is a lack of evidence
4 
rom empirical studies of its energy or water efficiency, perhaps due to
t being nascent. 

Nonetheless, the production of meat alternatives has the potential to
e more sustainable through a lower impact on biodiversity compared to
raditional meat ( Curtain et al., 2019 ; Liu et al., 2022 ). These attributes
onsequently contribute to higher food stability as biodiversity fortifies
ood production and improves resilience to shocks and stresses known
o result in crop failure. 

The findings overall thus appear to suggest that there is potential
or reducing the environmental impact of food protein production, and
here are prospects for more responsible production as well as sustain-
ble food systems through shifting to new foods. However, with the cur-
ent level of innovation, there remain some environmental footprints
ssociated with such a shift. Notably, the ability of meat alternatives
o lessen environmental effects is contingent on consumer acceptability
 Sha et al., 2020 ). Hence, the discussion in Section 5 focuses on the role
f meat alternatives in ensuring sustainable consumption (SDG 12). 

. Sustainable consumption - a shift towards meat alternatives or 

he reduced consumption of meat 

Consumer acceptance is of great importance for the success of
ew food products (Siegrist, 2018). Previous reviews, for example,
nwezen et al. (2021) , reported that consumer acceptance of edible in-

ects was the lowest of all meat alternatives, followed by cultured meat,
ith plant-based meat receiving the highest acceptance. However, most
f the studies included in the review focused on European consumers. 

Among Chinese consumers, Wang & Scrimgeour (2021) found that
he tendency to reject a more plant-based diet is high, considering that
hey perceive meat not only as a source of nutrition but also as a source
f pleasure. Hence, for meat alternatives to meet this goal, it will depend
n whether it is consumed as a substitute or complement. This is well
eflected in findings in other countries, for example, in the Netherlands
 Elzerman et al., 2021 ), where despite the rise in the consumption of
eat substitutes in the last decades, meat consumption remained about

he same. 
A considerable number of factors can influence consumer accep-

ance of new food. On the one hand, it could be the nature of the
roduct itself, such as physical properties, sensory properties, nutri-
ional value, price, brand, convenience, and food labelling, influences
onsumer consumption by affecting the physiology and psychology of
he consumer ( Hartmann & Siegrist, 2017 ; Zhang et al., 2021 ; Sha
 Xiong, 2020 ; Onwezen et al., 2021 ). For example, the absence of
avour comparable to that of animal meat is a significant barrier for
ustomers to purchase plant-based meat ( Graca et al., 2019 ). In addi-
ion, Zhang et al. (2021) and Sha and Xiong (2020) identified that the
urrent high price of plant-based meat is another important factor that
iscourages consumers from purchasing plant-based meat. 

On the other hand, personal, social or cultural factors, as well as
amiliarity with the product, health, environmental effect, animal wel-
are, and food neophobia, have been found to also influence consumers’
ttitudes towards the purchase of the new food ( Curtain & Grafe-
auer, 2019 ; Weinrich & Elshiewy, 2019 ; Sanchez-Sabate & Sabaté,
019 ; Onwezen et al., 2021 ). Specifically, acceptance of plant-based
eat by different consumer populations was associated with age, ed-
cation, and gender. It is commonly considered that better-educated
ustomers accept plant-based meat more readily ( Slade, 2018 ; Bryant
 Sanctorum, 2021). In terms of age, younger consumers are substan-

ially more likely to purchase plant-based meat than older consumers
 Neff et al., 2018 ; Slade, 2018 ; Mancini & Antonioli, 2019 ; Van Loo
t al., 2020 ). Gender has been reported from different dimensions as a
actor determining the decision to consume meat alternatives. For ex-
mple, Yaxin et al. (2020) found that Chinese males are more likely to
urchase meat alternatives than females. While Bryant et al. (2019) ob-
erved that a higher number of Chinese women prefer plant-based meat
ver meat. Additionally, Bryant et al. (2019) suggested that consumers’
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Sustainable 
consumption of 

protein 

Avoiding meat 
consumption

Reducing meat 
portions per 

meal

Reducing the 
frequency of 

meat 
consumption

Re-orienting 
the type of 

meat products 
consumption 

Fig. 2. Pathways to adopting a more sustainable protein 
diet 
Source: Own compilation 
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ntention to purchase plant-based meat can be predicted by higher fa-
iliarity and lower food neophobia and meat attachment. 

Taufik (2018) found a positive correlation between the sustainability
enefits of meat alternatives and the intention to eat meat alternatives in
hina. In contrast, consumers who dispute the environmental and health
enefits of consuming plant-based meat are discouraged from doing so
Boukid, 2020). Other studies, e.g., Wang and Scrimgeour (2021) , did
ot find any correlation between the purchasing intentions of customers
nd consumer health concerns. 

Different ways consumers can adopt a more sustainable protein diet
ave been proposed ( Hallström et al., 2015 ; Wang et al., 2021 ). This
ould be achieved by changing the main type of meat consumed from
ed meat, reducing red meat portions per meal, or how frequently meat
s consumed and adopting a vegan or a vegetarian diet ( Fig. 2 ). Pre-
ious reviews have highlighted that dietary change could reduce GHG
missions and pressure on land use. It is estimated that a vegan diet can
esult in a 25% to 55% drop in GHG emissions and a 50% to 60% re-
uction in land use demand. Substituting some of the meat consumed
ith plant-based food can cut GHG emissions and land use demand by
% and 15%, respectively ( Hallström et al., 2015 ). 

Regarding how the public perceives meat alternatives in China, the
erception is reportedly mixed (e.g., Taufik 2018 ; Zhang et al., 2020 ).
owever, among those with a negative feelings, the reluctance to try
eat alternatives is partly attributed to safety concerns and unknown

ide effects ( Chen & Zhang, 2022 ). Even for cultured meat, which is
losest to conventional meat, Liu et al. (2019) found that most Chinese
onsumers perceive cultured meat as inferior to meat in terms of health-
ness, safety, taste, and nutritional value. Besides, there are numerous
urdles to overcome both in terms of research and technology to sus-
ainably produce highly structured unprocessed meat from culture on
n industrial scale and at affordable prices. Toh et al. (2022) suggest
hat while plant-based meat alternatives may suitably replicate meat in
5 
erms of sensory experience, the same cannot be concluded regarding
heir nutrition. Sha & Xiong (2020) contended that in the near future,
eat will retain its position as an important protein source. Thus, it may

e an imprudent and unrealistic expectation that meat alternatives will
ompletely replace meat. 

There are indications that Chinese consumers may be willing to pay
 premium for meat alternatives. For example, Zhang et al. (2020) found
hat although Chinese consumers had limited knowledge of cultured
eat, on receiving the relevant information, consumers were willing to
ay around 2% above the price of meat. Yuan et al. (2021) findings align
ith Zhang et al. (2020) , albeit for cultured chicken breast. However,

hese studies were conducted mainly among the urban population. 

. Current national regulation 

In China, the food sector is paying great attention to meat alter-
atives ( Liu et al., 2022 ). Specifically, the production of plant-based
eat alternatives is on the rise in the Chinese market. Companies such

s Beyond Meat and large fast-food giants like KFC and Starbucks are
lso introducing plant-based meat alternatives in China ( Daoqi et al.,
020 ; USDA, 2021 ). To control the manufacture, processing, and distri-
ution of plant-based meat alternatives in China, the Institute of Food
cience and Technology (IFST) released a national standard on plant-
ased meat products in 2020. The standard also provides guidance on
abelling, packaging, storage and transportation and testing ( Hu, 2021 ).

China’s 2021-2025 14th agricultural plan supports innovation and
esearch (R&D) and the development of recombinant protein technology
nd future foods, including plant-based eggs and cultured meat, as part
f its blueprint for future food security ( Baker, 2022 ; Variankaval et al.,
022 ). Considering that this is the first time such an explicit inclusion
f meat alternatives in the national strategy has been made, there is
he possibility that going forward, the government’s plans could also
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ositively influence the regulatory timeline and increase consumer con-
dence and acceptance of meat alternatives. However, China is behind

n regulations that directly aim to ensure meat alternatives are safe to
at, that the quality meets defined standards and the expectation of con-
umers, and that producers meet requirements both in terms of provid-
ng sufficient food information in labelling these foods and the different
abelling (e.g., healthy or sustainable). 

. Research agenda and recommended future actions 

Meat alternatives can contribute to food security and a lower food
ootprint in China if directed by continual research and relevant poli-
ies. To achieve these goals, the gaps in the literature identified in this
eview could serve as a starting point for conducting future studies.
or example, although previous studies (for example Curtain & Grafe-
auer, 2019 ; Elzerman et al., 2021 ; Boukid, 2021 ) identified a number
f factors that influence consumers’ acceptance of plant-based meat and
isparities between consumer groups, such studies have generally been
ndertaken primarily in western nations, and research on Chinese con-
umers is sparse. In addition, given the rapid expansion of the market for
eat alternatives in China, there is a need to investigate specifically the

actors that drive the acceptance and preferences of Chinese consumers
n order to enhance the potential of producing these protein substitutes
o improve the food security of Chinese population. 

Systematic research focusing on rural population is warranted, con-
idering that these groups are more likely to be vulnerable to food in-
ecurity and would be among those whose food choices may be less
otivated by the environment as observed in studies in other countries

 Amarasinghe et al., 2005 ; Agidew & Singh, 2018 ). Further, more sci-
ntific studies to assess meat alternatives in the context of the changing
ood demand validate meat alternatives as important to the SDGs, and
esearch on the formulation and nutritional composition of meat alter-
atives to make them holistically nutritionally comparable to meat is
rgently needed. 

In terms of actions to be taken, regulations to ensure that vital in-
ormation is presented in food labelling are required. This draws from
he concerns by nutritionists and researchers that nutritional labels do
ot have sufficient details that are important for making fully informed
ecisions by consumers e.g., some meat alternatives being presented as
eing nutritionally interchangeable with meat but may be lacking in
 number of nutrients or some meat alternatives being ultra-processed
oods. Similarly, other legislation lags highlighted in Section 6 need to
e addressed. 

. Conclusion 

This paper aimed to review the literature on whether meat alterna-
ives have the potential to contribute to the attainment of sustainable de-
elopment goal 2 (SDG 2) and if meat alternatives have the potential to
nsure sustainable consumption and production (SDG 12). The findings
rom various studies highlight the potential for lower environmental im-
act from meat alternatives but not without some shortcomings at the
urrent time. In terms of food security, meat alternatives could expand
he supply of protein, increase the availability of protein-rich foods, and
elp mitigate the rise in food prices and the lack of food supply, thereby
llowing more people economic access to nutritious food. However, cur-
ently, there are safety concerns, negative perceptions among the public
nd potential environmental pollution associated with their production.
hus, we conclude that while consuming more meat alternatives and

ess conventional meat is a step toward responsible production, con-
umption and food security in China, a holistic action towards attaining
DG 2 and SDG 12 is realistically beyond merely consuming more meat
lternatives and eating less meat. 

Considering the strong hedonistic pleasure from eating meat among
hinese consumers, nudges, particularly at the early stages, could focus
6 
n encouraging a reduction in red meat portions per meal or how fre-
uently meat is consumed while supplementing with meat alternatives.
otably, in encouraging consumption of meat alternatives, particularly
mong lower income groups, the food security aspects should be made
alient as environmental factors may not be strong motivators of food
hoice among the poor. 

Overall, the insights from this review will allow a better understand-
ng of the barriers to accepting meat alternatives, the prospects for future
onsumption, inform decisions in moving towards responsible produc-
ion, consumption and, most importantly, food security in China. 

otes 

1 Sustainable production and consumption refers to consuming food
products that meet basic needs and bring a better quality of life and
have been produced based on non-polluting processes and systems
which minimise the use of natural resources, are economically ef-
ficient, and safe for workers, communities and consumers, and do
not compromise the needs of future generations ( Foresight, 2011 ;
Vermeir et al. 2020 ). 
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