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Meat substitutes: current status, potential benefits, and 
remaining challenges 
John B Nezlek1,2 and Catherine A Forestell2   

Replacing traditional meat with meat substitutes may reduce 
environmental degradation and improve people’s health. We 
discuss two categories of meat substitutes: plant-based meat 
alternatives (PBMA) and cultured meat (CM). Despite their 
benefits, some people may not accept these foods. Neither 
PBMA nor CM take the form of a solid piece of meat (e.g. a 
steak), and such cuts are popular. PBMA and CM are novel, 
and some people may avoid or be uninterested in trying these 
unfamiliar foods. People may be threatened by PBMA and CM 
because they have strong attachments to traditional meat or it 
threatens their social values as a meat eater. Also, PBMA and 
CM may be too expensive. An important limitation of the 
available research is that some meat substitutes are still 
relatively unknown or unavailable. Understanding consumers’ 
perceptions of meat substitutes will require them to have more 
direct experience with these products. 
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Introduction 
Raising animals for slaughter to produce meat, some-
thing we refer to as ‘traditional’ meat, has come under 
increasing fire, primarily for three reasons. (1) Ecological/ 
environmental — the production of traditional meat 
damages the environment, (2) personal health — the 
consumption of traditional meat has been shown to have 

health risks, and (3) ethical concerns — in addition to 
the fact that they are killed, animals that are raised for 
slaughter are often treated inhumanely. 

One solution to these three problems is for people to 
reduce or eliminate meat from their diets. 
Unfortunately, such a solution is difficult to achieve 
because people enjoy eating meat and they believe it 
provides important nutritional benefits [1–3]. The food 
industry has tried to cut this Gordian knot by producing 
meat substitutes that are meant to replace traditional 
meat, and this paper focuses on two such substitutes: (1) 
plant-based meat alternatives (PBMA), and (2) meat 
grown in laboratory settings (CM, cultured meat). 

We focus on PBMA and CM because presently, they are 
the two most widely discussed meat alternatives. In this 
paper, we discuss how transitioning from traditional 
meat to these products may affect the environment and 
human health, and we discuss potential obstacles to 
consumer acceptance of these products. For reviews of 
this topic, see Rubio et al. [4] and Santo et al. [5]. 

Note that PBMA and CM are in very different places in 
their respective market cycles. PBMA are available in 
most major markets, there are numerous producers of 
PBMA worldwide, and consumers have some experience 
with PBMA. In contrast, CM has very limited avail-
ability. Although many companies are developing CM, 
only a very few have scalable methods of production, 
and consumers have virtually no direct experience 
with CM. 

Consistent with the goals of articles in this journal, our 
review is not exhaustive, rather, it is more illustrative of 
what is presently known. We cite review articles that 
contain numerous references that interested readers can 
pursue. We cite individual papers when they have 
something distinctive to say or illustrate a point clearly. 

What are plant-based meat alternatives and 
cultured meat? 
PBMA are meant to be substitutes for meat, not simply 
alternative sources of protein. Protein alternatives such 
as tofu, tempeh, and seitan have been available for 
hundreds of years and were not intended to be meat 
substitutes per se (e.g. [6]). In contrast, PBMA are much 
more recent, and He et al. [6] distinguish two genera-
tions of PBMA (1.0 and 2.0). Although PBMA 1.0 and 
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textured vegetable protein are well accepted by vege-
tarians, “meat consumers are often not satisfied with the 
appearance, flavor, and taste of these products when 
considered as meat alternatives” [6]. This led to the 
development of PBMA 2.0, whose appearance, nutri-
tional profile, and taste are similar to traditional meat. 
Although PBMA 1.0 are important parts of the food 
landscape, much of the recent attention to PBMA has 
concerned PBMA 2.0 because of its intended (and ap-
parent) broader appeal. 

CM, also known as ‘in vitro meat’ or ‘clean meat,’ is 
produced using cells taken from an animal. As noted 
previously, CM is at the beginning of the product cycle, 
and the technologies to produce CM are still being de-
veloped. See Hong et al. [7] and Lee et al. [8] for reviews 
of the technology used to produce CM. Regardless, CM 
does not involve the use of plant-based material, and at 
least at the cellular level, it is meat. 

Effects on the environment of transitioning to 
meat substitutes 
There is broad agreement that replacing traditional meat 
with either PBMA or CM will have positive effects on 
the environment [5,7,9,10]. The production of tradi-
tional meat requires large amounts of land and water and 
produces large amounts of greenhouse gas (GHG) 
emissions. The production of PBMA and CM requires 
considerably less land and water, and according to most 
analyses, it does not emit as much GHG. There is also 
the indirect benefit that production facilities for meat 
substitutes can be located closer to consumer markets, 
reducing the environmental impact of transporting pro-
ducts to consumers. 

Noting this, some suggest that the environmental ben-
efits of transitioning to PBMA and CM may not be as 
uniformly positive as has been suggested [4]. For ex-
ample, as discussed by Treich [11], many have not 
considered factors such as what happens to land that is 
no longer used to pasture livestock, when estimating the 
environmental benefits of transitioning to CM. Santo 
et al. [5] make a similar point. More pointedly, van der 
Weele et al. [12] question the basic premise that tran-
sitioning from traditional meats will lead to benefits: 
“Therefore, the priority given to meat alternatives with 
limited sustainability potential is not just a problem of 
technological optimization of production systems, but 
also a second order problem of problem framing, net-
work building, assumptions about innovation and eco-
nomic-technological imagination” (p. 512). 

On balance, although we acknowledge that PBMA, CM, 
and other methods of producing meat substitutes are not 
panaceas, we believe they have the potential to meet 
consumer’s demands for meat or meat-like products in 

ways that will cause meaningfully less harm to the en-
vironment than the production of traditional meat. The 
extent to which this potential is realized remains to be 
seen, particularly for CM about which there are nu-
merous unanswered questions [13]. 

Effects on people’s health of transitioning to 
meat substitutes 
People’s health is directly affected by what they eat, and 
there is broad agreement that present patterns of the 
consumption of traditional meat are associated with in-
creased risk of cardiovascular disease, cancer, and obe-
sity, leading to increased morbidity [4–6]. Some of these 
risks are due to the nature of some types of meat (e.g. 
high saturated fat), and some are due to the additives 
that are used when making processed meat. Traditional 
meat also poses health risks in terms of foodborne dis-
eases that are more common for products based on tra-
ditional meat than other sources. Transitioning to PBMA 
and CM could either eliminate or drastically reduce the 
health risks associated with consuming traditional meat. 

Nevertheless, in terms of health, there are some possible 
downsides to transitioning from traditional meat. For 
example, many PBMA are highly processed, some are 
high in saturated fats, and they may not offer the same 
nutritional benefits as the foods from which they are 
derived such as legumes and soy beans [5,9]. He et al. [6] 
and Santo et al. [5] also discuss possible problems with 
process-induced hazardous chemicals. Also, PBMA may 
not contain the same amounts of protein as the tradi-
tional products they are meant to replace. In terms of 
protein replacement, an analysis of Irish food products 
by Safefood concluded that “Over a quarter of pro-
cessed, vegetarian meat-substitute products are not a 
source of protein” [14]. We should emphasize that this 
conclusion referred to a wider variety of products 
than PBMA. 

As discussed by Van Vliet et al. [15], although PBMA 
may be meat alternatives in terms of sensory experi-
ences, they are not true nutritional replacements for 
meat. For example, animal-based foods facilitate the 
uptake of plant nutrients such as zinc and non-heme 
iron. Consistent with this, Day et al. [16] concluded that 
“that designing plant-based foods to mimic animal foods 
requires much more than simple substitution of one 
ingredient with another” (p. 428). Day et al. went on to 
suggest that “In the short to medium term, nutritional 
and functional synergies between plant and animal 
proteins may offer a path to creating nutritious and at-
tractive foods.” 

Regardless, on balance, it appears that PBMA and CM 
have the potential to serve as healthy sources of protein. 
Many of the reservations expressed about the 
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healthfulness of PBMA and CM concern potential or 
possible problems. To be certain, the food industry 
needs to be mindful of problems regarding the health-
fulness and nutritional benefits of PBMA and CM, and it 
remains to be seen if it will. 

Global trends in consumption of meat and 
plant-based meat alternatives 
Although there are differences across market segments, 
the alternative meat sector is growing globally (e.g. [17]). 
In 2018, sales of PBMA surpassed $10 billion globally 
and are predicted to surpass $30 billion by 2026 [18]. 
The Smart Protein report [19] used Nielsen scanning 
data of plant-based food purchases in 11 European 
countries between 2018 and 2020 to summarize trends in 
the consumption of various plant-based foods. Although 
increases varied across country, category of product (e.g. 
frozen vs. not-frozen), and outlet (discounter or not), the 
conclusion is clear. Sales (in Euros and volume) of 
PBMA increased in Austria, Belgium, Denmark, France, 
Germany, The Netherlands, Romania, Spain, and the 
United Kingdom. Italy was the only country in which 
sales of PBMA declined. 

Although impressive, these trends need to be under-
stood in terms of the consumption of traditional meat. As 
of 2018, traditional meat held 96% of market value re-
lative to alternative meat (e.g. [17]). Nevertheless, no 
single trend captures what is occurring globally in terms 
of consumption because trends vary by region and by the 
type of meat being considered. 

For example, globally, meat consumption is on the rise 
and is expected to continue to increase in the near future  
[20]. In the United States, over the last 40 years, it ap-
pears that beef consumption is down, pork consumption 
is flat, and poultry consumption is up [21]. In the 
United Kingdom, although overall meat consumption 
was down from 2008 to 2019, consumption of poultry 
and fish was up [22]. Over the next 10 years, beef and 
pork consumption are expected to decline in the Eur-
opean Union, whereas poultry and sheep meat con-
sumption is expected to grow slightly [23]. These are 
just illustrative findings. In summary, it is important to 
understand that while the market for meat substitutes 
has seen substantial growth, it has some distance to 
travel before it achieves parity with the market for tra-
ditional meat. 

How are meat substitutes perceived by 
consumers? 
To some extent, consumers’ acceptance of meat sub-
stitutes depends upon their organoleptic properties, such 
as their appearance, texture, smell, and taste. As re-
viewed by Eckl et al. [24], a variety of studies have in-
vestigated the role of these sensory characteristics in the 

acceptance of PBMA. Although a variety of products 
have been tested, with participants across a variety of 
countries, the results consistently show that people 
generally prefer traditional meat products over their 
plant-based analogs. For example, after a blind taste test, 
participants in France were more willing to purchase 
pork-based sausage over a plant-based sausage 
analog [25]. Similarly, in a study conducted in the 
United States, participants preferred and were more 
willing to pay for a 100% beef burger than plant-based 
alternatives [26]. In a German survey, participants in-
dicated that meat products were tastier than the corre-
sponding PBMA. In particular, steak was perceived as 
being tastier than tofu, chicken nuggets, vegetarian 
nuggets, wiener sausages, and vegetarian sausages [27]. 

In contrast to PBMA, CM is not yet available in most 
places, and therefore it is difficult to determine how 
consumers will respond to its taste, texture, and 
mouthfeel. Some recent research suggests that younger, 
university-educated consumers may be more open to 
trying CM [28], but as reviewed in Pakseresht et al. [29], 
the extent to which consumers perceive CM as healthy, 
natural, safe, or as real meat, will also play an important 
role in its acceptance when it becomes more widely 
available. See also Onwezen et al. [30] for a review of 
consumer acceptance of meat substitutes. 

According to Zhang et al. [31], it can be difficult to de-
velop an acceptable flavor and texture of plant-based 
meats. Inhibiting flavors derived from raw materials (e.g. 
beany smell) and dynamic changes in flavor during 
processing are just two of these challenges. Moreover, 
presently available PBMA (and CM) are primarily lim-
ited to products that resemble ground meat. For red 
meat, the typical form is patties and sausages, and for 
poultry, this may take the form of nuggets. At present, as 
noted by Blaustein-Rejito and Smith [20]: “There are 
simply no plant- or cell-based substitutes that taste, look, 
and feel similar to whole meat cuts like pork chops or 
sirloin. And these whole cuts make up a large share of 
meat consumption. In the US, for instance, whole cuts 
account for about 40% of beef consumption and most of 
the chicken that people eat.” 

Given the strong attachment some people have to meat, 
it seems unlikely that steak-eaters will find presently 
available PBMA or CM as legitimate substitutes for a 
sirloin steak — hamburgers, perhaps; steaks, probably 
not. Recently, Specht [32] suggested that microbial fer-
mentation, which she described as the “third pillar of the 
alternative protein industry,” might be able to create 
fibrous, aligned intact tissues akin to whole-muscle cuts, 
a goal she described as the ‘Holy Grail.’ Such products 
are just coming to the market and have very limited 
availability, so very little is known about consumer 
perceptions of these products. 
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Plant-based meat alternatives and cultured 
meat considered as new foods 
PBMA and CM are novel and unfamiliar foods to many, 
perhaps most, people. This brings to the fore research on 
what has been called ‘food neophobia,’ that is, a fear of 
new foods, and researchers have found that food neo-
phobia is negatively related to intentions to purchase 
PBMA and CM [33]. Consistent with this, Siegrist and 
Hartmann [34] found that food neophobia was nega-
tively related to the acceptance of CM in ten countries, 
although such relationships may not be uniformly 
strong [35,36]. 

It is not clear however, the extent to which a lack of in-
terest in PBMA and CM reflects a fear of new foods (food 
neophobia) or the extent to which it reflects a lack of 
interest in new foods. Recently, Nezlek et al. [37] de-
monstrated that the Food Neophobia Scale (FNS [38]), 
which has been used in most of the research about the 
topic, measures both approach and avoidance motives 
regarding new foods. The FNS does not provide a basis 
for knowing whether approach or avoidance motives are 
responsible for people’s reluctance to try new foods such 
as PBMA and CM, whereas the measure Nezlek et al. 
proposed does. Confirming the importance of the dis-
tinction Nezlek et al. proposed, nearly 50% of the Aus-
tralian consumers surveyed by Estell et al. [39] were 
“driven by curiosity … selecting ‘new food trend’ as a key 
factor influencing consumption.” This is clearly not a 
manifestation of food neophobia as traditionally defined. 

PBMA and CM are not only new foods, they are also 
produced using methods with which most people are 
probably not familiar, and this raises the issue of what is 
called “food technology neophobia” [40]. In their re-
view, Siegrist and Hartmann [41] concluded that: “there 
is some evidence that food technology neophobia is a 
universal factor that influences acceptance of innova-
tions related to food” (p. 345). Other research suggests 
that relationships between acceptance of food technol-
ogies and willingness to eat new foods are mediated by 
food-disgust sensitivity [42]. 

Relationships between attitudes about meat 
substitutes and attitudes about 
traditional meat 
Understanding reactions to and perceptions of meat 
substitutes requires understanding people’s attitudes 
toward meat, and the Meat Attachment Questionnaire  
[43] measures such attitudes. In a study conducted in 
the United States, India, and China, Bryant et al. [36] 
found that meat attachment was negatively related to 
acceptance of PBMA in the United States, whereas in 
China, the relationship was positive. Likewise, meat 
attachment was positively related to acceptance of CM 
in China and India. 

In terms of present diet, in their review of 26 studies, 
Bryant and Barnett [44] concluded that meat-eaters 
found CM more appealing than vegetarians did. In 
contrast, a study of Swiss consumers, Siegrist and Hart-
mann [45], and a study of German consumers, Michel, 
Hartman et al. [27] found that consumers who ate more 
meat evaluated PBMA less positively than consumers 
who ate less meat. Similarly, in a three-nation study 
(DE, FR, and UK), Michel, Knaapila et al [46] found 
that meat commitment was negatively related to eva-
luations of meat substitutes. Based on a series of focus 
groups, Kerslake et al. [47], suggested that while an 
omnivore may be attracted by PBMA or CM that closely 
mimics traditional meat (e.g. its texture and apparent 
bloodiness), these same characteristics may repulse some 
vegans and vegetarians. 

Another perspective on this topic is suggested by the 
results of Nezlek et al. [48] who measured evaluations of 
PBMA and CM and the extent to which people perceive 
vegetarianism as a threat to their social values [49]. In a 
study of Brazilian consumers, they found that “Omni-
vores’ evaluations of both plant-based and CM were 
negatively related to their perceptions of vegetarianism 
as a threat to their social values.” It is important to note 
that these evaluations included perceptions of the safety 
and health of these products, not just a simple pre-
ference for eating them. These results suggest that 
evaluations of meat substitutes are influenced by factors 
that are not inherently part of the product (see also 
Michel et al. [27]). 

The available data do not provide a basis for a neat and 
tidy summary of the relationships between attitudes 
toward traditional meat and meat substitutes, and un-
derstanding such relationships is important for under-
standing the adoption of meat substitutes. The phrase 
‘meat substitutes’ implies that people will stop eating 
meat. Although possible, it seems more likely that 
people will eat traditional and nontraditional meat, per-
haps in the same dishes or in ‘hybrid products’ in which 
a proportion of meat is replaced by plant-based protein 
sources [50]. Research suggests that the introduction of 
such products may bridge the gap between meat and 
meat-free products by providing a more acceptable al-
ternative to consumers [51]. 

The importance of cost 
At present, PBMA and CM are meaningfully more ex-
pensive than traditional meat. For example, in the 
United States, as noted by Axworthy [52]: “Though re-
tail sales for plant-based meat grew by 45% in 2020, on 
average, Neilson data demonstrates that plant-based 
meat on a per-pound basis is currently twice as ex-
pensive as conventional beef, three times as expensive 
as pork, and four times as expensive as chicken.” Higher 
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prices decrease the likelihood of experimentation and 
regular consumption. 

The critical issue is when/if PBMA and CM will achieve 
parity in pricing with traditional meat, and a well-in-
formed discussion of this can be found in Witte et al.  
[53]. Based on expert interviews, industry reports, and 
Blue Horizon and BCG analyses, Witte et al. concluded 
“Each of the three types of alternative protein is cur-
rently at a different stage of parity with conventional 
proteins. We expect that plant-based alternative proteins 
will achieve parity by 2023, those based on micro-
organisms by 2025, and those based on animal cells 
by 2032.” 

On balance, we think that the 2023 is probably a bit early 
for price parity for PBMA. For example, Chafin and 
Larson [54] concluded that “At the current rate, it may 
take plant-based proteins five to seven years to reach 
price parity, but there’s no reason why that timeline 
can’t be shortened if manufacturers and retailers can 
agree to put consumer needs and preferences ahead of 
margin.” Although it seems that the alternative protein 
market is poised for growth, prices will need to come 
down. Price parity can be facilitated by different types of 
governmental support, although this may not be occur-
ring as quickly as needed [55]. 

Conclusions, limitations, and future directions 
The production of traditional meat is wreaking havoc 
with the environment, and the consumption of meat has 
been associated with increased health risks for in-
dividuals. Consequently, the health of the planet and 
humanity depends upon reductions in the production 
and consumption of traditional meat. Assuming that the 
demand for meat is not likely to diminish and is likely to 
increase, replacing traditional meat with meat sub-
stitutes may reduce environmental degradation and im-
prove people’s health while meeting consumers’ 
demands. Reducing the production of traditional meat 
will also improve animal welfare. 

One of the most important limitations of the available 
research is that meat substitutes are still relatively un-
known and/or unavailable, particularly for CM. CM ex-
ists only in the abstract for the vast majority of people, 
and so studies are limited to asking for evaluations and 
purchase intentions of products that do not exist and 
cannot be tasted. Studies based on descriptions of hy-
pothetical products are valuable; however, under-
standing consumers’ reactions to CM requires assessing 
people’s reactions to real products. How does CM taste 
and feel? How can one cook with it? Is it affordable? 

In contrast, numerous PBMA exist, and some PBMA are 
established products that are available in many, albeit 

not all, markets. Therefore, consumers’ reactions can 
reflect direct experience with PBMA. In terms of total 
market share, PBMA are dwarfed by traditional meats, 
and it remains to be seen what effects the introduction of 
different types of PBMA will be, but the outlook for 
PBMA appears to be positive (e.g. [10]). 

Much of the research and thinking about the necessity of 
transitioning from traditional meat to manufactured 
meat substitutes is predicated on the assumption that 
the demand for protein will not decline. Nevertheless, it 
has been suggested that if the demand for protein was to 
decrease (in many countries, average consumption levels 
are above what is needed for good health), there may not 
be a need to transition to meat substitutes on a mass 
scale [6,12,56]. Given present norms, it is difficult to 
imagine how this might happen on a scale large enough 
to remediate the climate and improve the health of 
humanity, but if replacing traditional meat with manu-
factured meat does not do the job, an overall reduction 
in protein consumption may be necessary. 
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This article provides a context for understanding the origins and present 
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