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Abstract

Elimination of animal-based products, often related to a vegetarian or vegan diet, is one of the
most popular nutritional trends observed around the world. This chapter provides an overview of
the assortment, market and consumption of various meat alternatives. Products replacing meat
are made of various types of (mostly) plant-based raw materials including pulses/legumes, cereal
proteins (mainly gluten), oilseeds, fungi (edible mushrooms) and algae; however, cultured meat
and edible insects are also described. The market of meat alternatives was estimated at USD 10,11
billion in 2022 and is expected to grow at a compound annual growth rate (CAGR) of minimum
15% by 2030. Europe has the largest share (52%) of the global market followed by North America
(27%), Asia Pacific (12%), Latin America (6%) and Middle East and Africa (4%). The top producers
are Beyond Meat, Boulder Brands, Hain Celestia, Nestlé, Garden Protein International, Vivera,
Lightlife Foods, Woolworths, Naturli’ Foods and Sainsbury’s. Despite the fact that vegetarians
and vegans constitute 6.4% and 6% of global consumers, respectively, more and more people
are willing to either reduce the consumption of meat (62%) or animal-origin (42%) products.
This is due to the fact that the consumption of meat-free products plays a role in sustainable
development considering multiple health, economic and environmental issues.
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Introduction

Elimination of animal-based products, generally called a vegetarian or vegan diet,
is one of the most popular nutritional trends observed around the world, which
results also from the obligation to follow a vegetarian diet in individual religious
sections (Ahmad et al., 2022). Consumption of meat-free products also plays a role
in sustainable development considering multiple health, economic and environ-
mental issues. Therefore, this chapter provides an overview of the global market
of meat-free products. It also describes the popularity and consumption of selected
meat, dairy and egg alternatives.

Meat is an important source of protein, which delivers all essential amino acids
necessary for human health. It is also highly valued by many consumers due to
favourable sensory properties such as texture and flavour (Zahari et al., 2022).
However, meat consumption has raised various ethical, health and environmen-
tal concerns. Therefore, over the past years, consumers have shifted their eating
patterns, seeking dietary alternatives (Starowicz et al., 2022). Meat alternatives
refer to meat-free products that try to mimic traditional meat. Meat alternatives
are (mostly) plant-based, high-protein products that can replace food of animal
origin (Czerwinska, 2020). However, cultured meat and edible insects should also
be considered as meat alternatives. All these types of products are called meat
alternatives, as well as meat analogues, meat substitutes, mimic meat, mock meat,
vegetarian meat, plant-based meat, synthetic meat, amalgam meat or health-pro-
moting meat (Ahmad et al., 2022; Vallikkadan et al., 2023), and are described in
paragraph “Assortment of meat alternatives”.

Based on plant raw materials, high-protein products are foods with a positive,
targeted effect on the human body. The growing awareness of consumers regarding
the way of eating in order to maintain health and good condition increases interest
in protein sources alternative to animal products (Hoffmann & Jedrzejczyk, 2010).
There are many health benefits associated with eating meat analogues. Reduced
consumption of animal meat can help primarily in lowering cholesterol levels as
well as reduce the risk of developing cardiovascular diseases such as heart attack
or stroke. In contrast, daily consumption of animal meat increases the risk of
developing colorectal cancer (Hu et al., 2019). A particularly high health risk is
associated with the consumption of red meat and processed meat in the amount
exceeding 500 g per week (Herforth et al., 2019).

Meat alternatives, in addition to supporting people’s health and well-being,
also help to mitigate the negative impact of production and consumption of animal
meat on the environment. Undeniably, meat production burdens the environment.
It consumes a large amount of the earth’s resources and drinking water. It causes
environmental pollution, greenhouse gas emissions, loss of terrestrial and aquatic
biodiversity, and increases the risk of animal diseases (Van der Weele et al., 2019).
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According to Ahmad et al. (2022), currently about 30% of global warming and cli-
mate change has its source in the food industry. Global animal production requires
about 2,400 Gm? of water per year, and as much as 70% of global freshwater is
used for agriculture. For example, the average water footprint per calorie of beef
is twenty times higher than that of cereals and root crops (Mekonnen & Hoekstra,
2010). In addition, meat production contributes to eutrophication, i.e. pollution
of water and ecosystems with excessive content of nutrients, which is a serious
environmental problem. According to a report presented in 2018, producing one
kilogram of beef contributes to the emission of 365 g of phosphate equivalent
(PO4eq) (Poore & Nemecek, 2018). Despite the fact that phosphates are not harm-
ful to humans, their presence in water disturbs the balance of aquatic organisms,
causing algal blooms, which can already have a direct (negative) impact on the
health of people living in nearby areas (Kleinman et al., 2011). Moreover, another
research shows that people who follow meat-free diets have a real influence on
reducing the negative impact on the environment. A study from 2017 comparing
the impact of different diets, both meat and meat-free on the environment, took
into account three indices considered to be the most representative for the agri-food
system, i.e. carbon footprint—expressed as gCO, eq/kg, including greenhouse gas
emissions, water footprint—expressed in L/kg of water resources consumption and
ecological footprint—expressed as global m?/day of biologically productive land/
sea needed to produce a food product unit (Rosi et al., 2017). An analysis of the
environmental impact of these three types of diet showed that the animal-based
diet had a significantly greater impact on each of the environmental indicators
compared to the others. For example, the average CO, emission for a traditional
(meat) diet, expressed as an average of 7 days, was about 3960 gCO, eq/kg, while
the average for a vegan diet was about 2340 gCO, eq/kg. Similar disproportions
were also shown for the ecological footprint. On average, about 26 m? of land/
water resources per day were used for the production of traditional (meat) diet
ingredients, while in the case of vegan products, it was about 14.5 m?.

Therefore, consumers’ awareness of health, environmental sustainability and
animal welfare has shifted people’s attention from the meat of animal origin to
the meat of plant origin and the scale of this trend (market and consumption) is
described in the following sections.

8.1. Assortment of meat alternatives

The market of meat substitutes is mostly associated with vegetable-based products.
However, cultured meat and edible insects should also be considered as potential
meat alternatives. Plant-based meat analogues can replace traditional meat, be-
ing a nutritionally sustainable source of protein (Choudhury et al., 2020). Meat
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substitutes as alternative sources of animal protein, based on plant raw materials,
are produced using various plant proteins, such as oilseed proteins, cereal proteins,
legume proteins and leaf proteins. Oilseed proteins are obtained from soybean,
canola, sunflower weed, sesame, chia seeds, pumpkin, grape seeds, linseed, and
cereal proteins are obtained from wheat, corn, rice, barley, sorghum and amaranth
(Czerwinska, 2020; Kurek et al., 2022; S. Y. Lee et al., 2023).

Animal protein substitutes can be traditional protein foods of plant origin, which
are used as a substitute for meat protein, for example, tofu or seitan (Vallikkadan et
al., 2023). Substitutes can also be foods that are not only a source of protein but are
also consciously designed so that their taste and structural properties imitate meat
through the use of plant ingredients, called plant-based meat analogues (PBMA)
(Huang et al., 2022; S. Y. Lee et al., 2023). Vallikkadan et al. (2023) referred to
these substitutes as meat fillers and meat analogues. Meat fillers are products that
are used to replace fresh meat of animal origin. Meat analogues, on the other hand,
are foodstuffs that mimic meat of animal origin. Such products are similar in appear-
ance and structure to muscle meat (Vallikkadan et al., 2023). Their texture, colour,
flavour and aroma may reflect specific types of meat (Ahmad et al., 2022). Such
meat substitutes may also offer a similar nutritional composition as traditional meat,
but with many additional ingredients and a high level of processing (Bohrer, 2019).

Table 8.1 shows products that can replace meat of animal origin, made of
various types of raw materials: pulses/legumes, cereal proteins (mainly gluten),
oilseeds, fungi (edible mushrooms), algae, cultured meat or edible insects.

Table 8.1. Most popular plant-based meat alternatives

Meat alternatives sourced from pulses/legumes

Tofu Made from soybeans, also referred to as soya curd. Made by curdling fresh hot soy
milk with a coagulant. It comes in the form of blocks and contains high amounts of
protein, calcium and iron (Obatolu, 2008). Tofu is widely used around the world as
an alternative to meat in the food industry (Singh et al., 2021)

Tempeh It is made by fermenting soybeans. It is a product with a hard texture and consistency
similar to a rubber mushroom (chewy mushroom). It is rich in protein and fibre and
contains vitamin B-12, which is a by-product of the fermentation process (Babu et
al., 2009)

Yuba Yuba is a protein-fat skin that forms on soy milk and has a characteristic slightly rub-
bery texture. It is mainly used to produce meat analogues or as an addition to soups
and desserts. When fried, it forms a layer imitating roasted chicken skin (Hoffmann
et al., 2009; Singh et al., 2021)

Kinema A soybean fermented alkaline meat substitute (Sarkar et al., 1994)

Soy concentrates Soy protein concentrate contains about 70% protein. Used as an additive to meat
substitutes. Mainly used for making such products as: sausage, luncheon meat, paté
or burger (Hoffmann et al., 2009)

Soy isolates The most concentrated source of protein, min. 90%. In vegetarian products, they are
used as an enriching substance for the production of meat analogues (Hoffmann et
al., 2009)
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Table 8.1 — cont.

Soy protein textures

TVP (Textured Vegetable Protein) is obtained in the extrusion process from flour,
concentrate or soybean isolate. It contains from 50% (flour textures) to 65%—-70%
protein (concentrate textures), with a fat content of less than 1% and no more than
3.5% fibre (Hoffmann et al., 2009)

Meat alternatives sourced from cereals

Seitan

Called wheat meat in vegetarian cuisine because the main ingredient is wheat flour.
Seitan has a texture very similar to meat. It is a source of protein, iron, B vitamins
and small amounts of fat (Hoffmann & Jedrzejczyk, 2010; Singh et al., 2021)

Wheatpro

A product derived from wheat gluten, transformed and extruded to give it a meat
texture. It is available on the market in the form of flakes, ground or chopped (Singh
et al., 2021)

Arrum

It is a converted mixture of gluten and pea proteins in a 1:1 ratio. The finished prod-
uct resembles pieces of meat in appearance and structure. It is used to produce, for
example, lasagne or dumplings (Hoffmann & Jedrzejczyk, 2010)

Trivall

It is obtained from wheat gluten and vegetables protein. Available in frozen form,
ready to eat after heating, in the form of analogues of burgers, sausages, nuggets or
schnitzels (Hoffmann & Jedrzejczyk, 2010)

Meatless

Vegetable fibres obtained from sweet lupine seeds, seaweed and wheat. Meatless
is a semi-finished product with a texture typical of meat (Hoffmann & Jedrzejczyk,
2010; Singh et al., 2021)

Meat alternatives sourced from fungi (edible mushrooms)

Quorn

Meat substitute, the main ingredient of which are mycoproteins derived from the
mold strain Fusarium venenatum, which occurs naturally in the soil. The obtained
mycoproteins are purified, dried and mixed with egg white (in the vegan version,
potato protein is used as a binder). The product is sold in many countries around the
world both as a semi-finished product for further processing and in the form of ready
meals (chops, sausages) (Jurek, 2019)

Meat alternatives sourced from oilseeds

Fibres

Product obtained from sweet lupine seeds after mixing with wheat flour (Singh et al.,
2021)

Meat alternatives sourced from microalgae

Remis algen

An algae-based product. Algae mixed with other potential plant proteins such as cere-
als, rice or cooking oils (Singh et al., 2021)

Meat alternatives sourced from cultured meat

In-vitro meat

Also called lab-grown meat; it is artificial meat produced using stem cell technology.
Comes from farm animals, so it is very similar to regular meat (H. J. Lee et al., 2020;
Van der Weele et al., 2019)

Genetically Modified
Organisms (GMO)

Meat of genetically modified animals (H. J. Lee et al., 2020)

Meat alternatives sourced from edible insects

Extracted protein
from insects

Insects used as food resources. A valuable source of protein due to their high protein
content with essential amino acids sufficient to meet our daily needs (H. J. Lee et al.,
2020)

Whole insects

Low acceptance of insect eating among Western consumers. In Africa, South Ameri-
ca and Southeast Asia eating insects is an ancient custom (H. J. Lee et al., 2020; Van
der Weele et al., 2019)

Source: own elaboration.
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8.2. Market of meat alternatives

There are many manufacturers of meat substitutes operating at the national (Polish)
and international market. Research conducted in 2022 among Poles indicated the
Tarczynski brand as a top brand of plant-based meat alternatives. Almost half of the
respondents (45%) declared that they add meatless products of this manufacturer
to their shopping list. The respondents also chose the GoVege (21%) and Vemondo
(14%) brands (Table 8.2) (Statista, 2022). The world’s most popular plant-based
meat analogue brands are also listed in Table 8.2.

Table 8.2. Most popular plant-based meat alternatives brands in Poland
and around the world

POLAND WORLD
Brand Share of users (%) Brand (alphabetical order)
Tarczynski 44.7 Beyond Meat
GoVege 21.1 Boulder Brands
Vemondo 13.7 Hain Celestia
Dobra Kaloria 6 Nestle
Garden Gourmet 52 Garden Protein International
Olewnik 2.2 Vivera
Ona Day More 2 Lightlife Foods
Z Gruntu Dobre 1.5 Woolworths
Well Well 0.8 Naturli’ Foods
BezMigsny 0.7 Sainsbury’s
Other 2.2

Source: based on (Boukid, 2021; Statista, 2022).

The market of meat alternatives continues to grow due to the increasing demand
for plant-based products visible around the world (Singh et al., 2021). Throughout
the world, it has recorded systematic increases in recent years. The value of veg-
etable meat sales around the world in 2022 was estimated at USD 10,11 billion
(Statista, 2023b). Forecasts indicate that this number will continue to grow over
the next few years and will reach approximately USD 33,99 billion in 2027 (Fig-
ure 8.1) (Statista, 2023b).

The size of the global market for meat alternatives is expected to grow at a com-
pound annual growth rate (CAGR) 0f 42.1% between 2022 and 2030 (Grand View
Research, 2022). Some sources forecast that the global meat substitute market will
reach USD 30.92 billion by 2026, with a compound annual growth rate (CAGR) of
14.8% (Singh et al., 2021). The Union Bank of Switzerland (UBS) predicts that the
global plant-based meat market will reach $51 billion by 2025 (UBS, 2021). Eu-
rope has the largest share in the global market of meat analogue products (51.5%),
followed by North America (26.8%), Asia-Pacific (11.8%), Latin America (6.3%)
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Figure 8.1. Market revenue of plant-based meat worldwide

from 2016 to 2027
Source: (Statista, 2023b).

and the Middle East and Africa (3.6%) (Boukid, 2021). Data from 2021 indicate
that the country with the largest revenues from the meat substitute market will be
China, generating approximately USD 2,1 billion. The US comes in second with
USD 1,5 billion, followed by the UK with USD 847 million in revenue. Russia
and Germany will also generate high revenues (Statista, 2021d).

In 2020, the North American continent had the largest share of the global plant-
based meat market (44%). Western Europe also had a large market share of plant-
based alternatives (34%). The Middle East and Africa had a market share of around
four percent, Latin America around 3%, and Eastern Europe and Australasia around
2% (Statista, 2021c). In Europe, the leading market for meat alternatives was the
UK, with sales more than EUR 502 million. The size of the German market was
approximately EUR 357 million and the Dutch market was approximately EUR
174 million. By comparison, sales of meat substitutes in Romania only reached
around EUR 5 million in 2020 (Statista, 2020).

In 2015, over 6,485 new plant-based meat analogues appeared on the global
market (Huang et al., 2022). A report published by the Good Food Institute in-
dicates that in 2019, the best-selling categories of plant-based meat substitutes
were burgers, with sales of USD 283 million, links (sausages and hot dogs) (USD
159 million) and patties (USD 120 million) (GFI, 2021). The market for meat and
meat substitutes is expected to change in the coming years 2025-2040. Today, the
market is dominated by traditional meat products. This dominance is expected to
continue until 2025. However, in the coming years, this trend will decrease, and
in 2040, these products will constitute a minority of available products. In 2040,
the market is expected to consist of about 40% of traditional meat products, about
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35% of farmed meat or lab-grown meat products, and about 25% of vegan meat
alternatives (Figure 8.2) (Statista, 2021a).

0,00%

100%
10,00%
90% 22,00%
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Il Meat M Vegan meat alternatives Cultured meat

Market share

Figure 8.2. Composition of the meat and meat alternatives

market worldwide from 2025 to 2040
Source: based on (Statista, 2021a).

8.3. Consumption of meat alternatives

People are increasingly switching to a plant-based diet out of concern for the treat-
ment of animals, the environment or for their own health. Popular plant-based diets
include a vegetarian diet—a diet excluding meat and fish, the pescatarian diet—
which is largely vegetarian but also includes seafood, and a vegan diet—a type of
vegetarian diet that excludes meat, fish and all products of animal origin, such as
milk or eggs (Shmerling, 2019).

A meat-free diet is a diet that focuses on plant-based proteins, such as beans,
lentils, nuts and soybeans, and may also include dairy and eggs (Lachtrupp, 2021).
The term plant-based diet is defined by Hargreaves et al. (2023) as “an eating
pattern in which foods of animal origin are completely or mostly excluded”. Plant-
based diets have a number of advantages. They contain large amounts of nutrients,
vitamins, micronutrients and macronutrients (Singh et al., 2021). Many years of
research have shown that plant-based diets are associated with a lower risk of
cardiovascular disease, heart disease, obesity, type 2 diabetes and some cancers
(compared to diets rich in meat and other animal products) (Kalchenko, 2016).
A balanced and varied meat-free diet is suitable for people in all phases of life
(Kalchenko, 2016).
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Currently, animal meat alternatives are not only consumed by vegans and veg-
etarians. They are also becoming popular with the wider carnivorous population.
According to a recent Nielsen market report, 62% of respondents are willing to
reduce meat consumption and 43% would like to replace meat proteins with plant-
based products (Huang et al., 2022). A study conducted in 2020 indicated that
vegetarians and vegans constitute a small group of global consumers, with vegans
amounting to 4% and vegetarians to 6.4%. A larger group of global consumers
are people who do not follow a strict meat-free diet but try to limit products of
animal origin—they constitute 42% of consumers worldwide (Passport, 2020). In
2021, a survey was conducted in various European countries where respondents
answered the question “Do you avoid eating meat?” (Figure 8.3). The study shows
that the largest percentage of non-meat eaters in Europe live in Ireland and the
British Isles, around 15% of the population. For comparison, consumers living in
the Czech Republic and Hungary have the lowest share; they limit meat in neg-
ligible amounts, only 5% of the population (Statista, 2021b). In Poland, in 2023,
only 8% of respondents declared that they only eat meat alternatives, while 34%
admitted that they eat both meat and its alternatives (Statista, 2023a).

Ireland 15%
United Kingdom 15%
Germany 14%
Sweden 14%
Switzerland 13%
Austria 1%
Denmark 11%
Netherlands 10%
Poland 10%
Finland 10%
Belgium 10%
Norway 9%
France 9%
Spain 9%
Italy 9%
Greece 9%

Turkey
Lithuania
Portugal
Serbia
Romania
Russia
Czechia
Hungary

8%

8%

%

%

5%
5%

6%
6%

Figure 8.3. Share of vegetarians, vegans and pescatarians

in selected European countries in 2021
Source: (Statista, 2021b).

Figure 8.4 shows the share of vegetarians and vegans in selected countries
worldwide in 2021 and 2022, respectively. India is the leading country when it
comes to the share of vegetarians amongst its population. Almost a quarter of the
respondents from India were following a vegetarian diet according to a survey
carried out in 202 1. Vegetarianism in the United States, by comparison, amounted
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only to a share of five percent of the respondents. In 2022, around three percent of
responding German consumers between 18 and 64 years of age followed a vegan
diet. In Brazil, China, Mexico and the U.S. between two and six percent of the
respondents are vegan. The noteworthy standout is India where over a tenth of
respondents said they typically follow a vegan diet. The survey was carried out
among online users.
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Figure 8.4. Share of vegetarians (A) and vegans (B) in selected countries

around the world in 2021 (A) and 2022 (B)
Source: (Statista, 2023c, 2023d).

Conclusions
The chapter provides an overview of the global market of meat-free products

and the popularity of meat, dairy and egg alternatives. It discusses the reasons
behind the shift towards vegetarian and vegan diets, including ethical, health
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and environmental concerns. The market for meat alternatives is predominantly
plant-based, but it also includes cultured meat and edible insects. Various types
of plant-based proteins are used in meat substitutes, such as oilseed proteins, ce-
real proteins, legume proteins and leaf proteins. The chapter highlights popular
brands of meat alternatives and the growth of the market, with estimated revenues
reaching USD 40 billion in 2027. Consumer consumption patterns are shifting
towards plant-based diets, with an increasing number of people reducing their
meat intake or opting for plant-based protein sources. The trend is not limited
to vegans and vegetarians, as even carnivorous consumers are embracing meat
alternatives these days.

References

Ahmad, M., Qureshi, S., Akbar, M. H., Siddiqui, S. A., Gani, A., Mushtaq, M., Hassan,
I., & Dhull, S. B. (2022). Plant-based meat alternatives: Compositional analysis, cur-
rent development and challenges. Applied Food Research, 2(2), 100154. https://doi.
org/10.1016/j.afres.2022.100154

Babu, P. D., Bhakyaraj, R., & Vidhyalakshmi, R. (2009). A low cost nutritious food “Tem-
peh”—a review. World Journal of Dairy & Food Sciences, 4(1), 22-27. http://www.
idosi.org/wjdfs/wjdfs4(1)/5.pdf

Bohrer, B. M. (2019). An investigation of the formulation and nutritional composition of
modern meat analogue products. Food Science and Human Wellness, 8(4), 320-329.
https://doi.org/10.1016/j.fshw.2019.11.006

Boukid, F. (2021). Plant-based meat analogues: From niche to mainstream. European
Food Research and Technology, 247(2),297-308. https://doi.org/10.1007/s00217-020-
03630-9

Choudhury, D., Singh, S., Seah, J. S. H., Yeo, D. C. L., & Tan, L. P. (2020). Commercial-
ization of plant-based meat alternatives. Trends in Plant Science, 25(11), 1055-1058.
https://doi.org/10.1016/j.tplants.2020.08.006

Czerwinska, D. (2020). Roslinne zamienniki mi¢sa. Przeglgd Gastronomiczny, 74(5-6),
22-25. https://agro.icm.edu.pl/agro/element/bwmetal.element.agro-d8bac552-d8c1-
491c-a42c-celbe602e02a

GFL. (2021). U.S. retail market insights for the plant-based industry. https://gfi.org/market
research/

Grand View Research. (2022). Meat substitute market size & share report, 2022—2030.
https://www.grandviewresearch.com/industry-analysis/meat-substitutes-market

Hargreaves, S. M., Rosenfeld, D. L., Moreira, A. V. B., & Zandonadi, R. P. (2023). Plant-
based and vegetarian diets: An overview and definition of these dietary patterns.
European Journal of Nutrition, 62(3), 1109-1121. https://doi.org/10.1007/s00394-
023-03086-z

Herforth, A., Arimond, M., Alvarez-Sanchez, C., Coates, J., Christianson, K., &Muehlhoff,
E. (2019). A global review of food-based dietary guidelines. Advances in Nutrition,
10(4), 590-605. https://doi.org/10.1093/advances/nmy130


https://doi.org/10.1016/j.afres.2022.100154
https://doi.org/10.1016/j.afres.2022.100154
http://www.idosi.org/wjdfs/wjdfs4(1)/5.pdf
http://www.idosi.org/wjdfs/wjdfs4(1)/5.pdf
https://doi.org/10.1016/j.fshw.2019.11.006
https://doi.org/10.1007/s00217-020-03630-9
https://doi.org/10.1007/s00217-020-03630-9
https://doi.org/10.1016/j.tplants.2020.08.006
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-d8bac552-d8c1-491c-a42c-ce1be602e02a
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-d8bac552-d8c1-491c-a42c-ce1be602e02a
https://gfi.org/marketresearch/
https://gfi.org/marketresearch/
https://www.grandviewresearch.com/industry-analysis/meat-substitutes-market
https://doi.org/10.1007/s00394-023-03086-z
https://doi.org/10.1007/s00394-023-03086-z
https://doi.org/10.1093/advances/nmy130

8. MEAT ALTERNATIVES—MARKET AND CONSUMPTION 129

Hoffmann, M., Gornicka, M., & Jedrzejczyk, H. (2009). Zamienniki biatka zwierzgcego.
Postepy Techniki Przetworstwa Spozywczego, 19(2), 118—123.

Hoffmann, M., & Jedrzejczyk, H. (2010). Nowe analogi migsa. Postgpy Techniki
Przetworstwa Spozywczego, 1, 82—88.

Hu, Z., Ding, J., Ma, Z., Sun, R., Seoane, J. A., Scott Shaffer, J., Suarez, C. J., Berghoff,
A. S., Cremolini, C., Falcone, A., Loupakis, F., Birner, P., Preusser, M., Lenz, H. J.,
& Curtis, C. (2019). Quantitative evidence for early metastatic seeding in colorectal
cancer. Nature Genetics, 51(7), 1113—-1122. https://doi.org/10.1038/s41588-019-0423-x

Huang, M., Mehany, T., Xie, W., Liu, X., Guo, S., & Peng, X. (2022). Use of food carbo-
hydrates towards the innovation of plant-based meat analogs. Trends in Food Science
& Technology, 129, 155-163. https://doi.org/10.1016/j.tifs.2022.09.021

Jurek, J. (2019, lipiec 18). Substytut miesa (Quorn) skuteczniej wesprze budowanie masy
migSniowej, niz mleko? Dietetycy.org.pl. https://dietetycy.org.pl/substytut-miesa-quorn/

Kalchenko, T. (2016). Gammeldags og feil om kjettfri kost. Tidsskrifi for Den norske
legeforening, 8, 689. https://doi.org/10.4045/tidsskr.16.0286

Kleinman, P. J. A., Sharpley, A. N., McDowell, R. W., Flaten, D. N., Buda, A. R., Tao, L.,
Bergstrom, L., & Zhu, Q. (2011). Managing agricultural phosphorus for water quality
protection: Principles for progress. Plant Soil, 349, 169—182. https://doi.org/10.1007/
s11104-011-0832-9

Kurek, M. A., Onopiuk, A., Pogorzelska-Nowicka, E., Szpicer, A., Zalewska, M., Potto-
rak, A. (2022). Novel protein sources for applications in meat-alternative products—
insight and challenges. Foods, 11(7), 957. https://doi.org/10.3390/foods11070957

Lachtrupp, E. (2021). Vegetarian diet plan for beginners. EatingWell. https://www.eating-
well.com/article/7935824/vegetarian-diet-for-beginners/

Lee, H.J., Yong, H. 1., Kim, M., Choi, Y. S., & Jo, C. (2020). Status of meat alternatives and
their potential role in the future meat market—a review. Asian-Australasian Journal of
Animal Sciences, 33(10), 1533—1543. https://doi.org/10.5713/ajas.20.0419

Lee, S. Y., Lee, D. Y., Jeong, J. W., Kim, J. H., Yun, S. H., Joo, S. T., Choi, L., Choi, J. S.,
Kim, G. D., & Hur, S. J. (2023). Studies on meat alternatives with a focus on structur-
ing technologies. Food and Bioprocess Technology, 16, 1389—1412. https://doi.org/
10.1007/s11947-022-02992-0

Mekonnen, M. M., & Hoekstra, A. Y. (2010). The green, blue and grey water footprint
of farm animals and animal products. https://www.waterfootprint.org/resources/Re-
port-48-WaterFootprint-AnimalProducts-Voll.pdf

Obatolu, V. A. (2008). Effect of different coagulants on yield and quality of tofu from
soymilk. European Food Research and Technology, 226(3), 467-472. https://doi.
org/10.1007/s00217-006-0558-8

Passport. (2020). The rise of vegan and vegetarian food. https://www.euromonitor.com/
the-rise-of-vegan-and-vegetarian-food/report

Poore, J.,& Nemecek, T. (2018). Reducing food’s environmental impacts through produc-
ers and consumers. Science, 360, 987-992. https://doi.org/10.1126/science.aaq0216

Rosi, A., Mena, P., Pellegrini, N., Turroni, S., Neviani, E., Ferrocino, 1., Di Cagno, R.,
Ruini, L., Ciati, R., Angelino, D., Maddock, J., Gobbetti, M., Brighenti, F., Del Rio, D.,


https://doi.org/10.1038/s41588-019-0423-x
https://doi.org/10.1016/j.tifs.2022.09.021
https://dietetycy.org.pl/substytut-miesa-quorn/
https://doi.org/10.4045/tidsskr.16.0286
https://doi.org/10.1007/s11104-011-0832-9
https://doi.org/10.1007/s11104-011-0832-9
https://doi.org/10.3390/foods11070957
https://www.eatingwell.com/article/7935824/vegetarian-diet-for-beginners/
https://www.eatingwell.com/article/7935824/vegetarian-diet-for-beginners/
https://doi.org/10.5713/ajas.20.0419
https://doi.org/10.1007/s11947-022-02992-0
https://doi.org/10.1007/s11947-022-02992-0
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CAIQw7AJahcKEwjAveqAk67_AhUAAAAAHQAAAAAQAw&url=https%3A%2F%2Fwww.waterfootprint.org%2Fresources%2FReport-48-WaterFootprint-AnimalProducts-Vol1.pdf&psig=AOvVaw1l0nh7RBP1NWAZ4q2TF6Hd&ust=1686123835298723
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CAIQw7AJahcKEwjAveqAk67_AhUAAAAAHQAAAAAQAw&url=https%3A%2F%2Fwww.waterfootprint.org%2Fresources%2FReport-48-WaterFootprint-AnimalProducts-Vol1.pdf&psig=AOvVaw1l0nh7RBP1NWAZ4q2TF6Hd&ust=1686123835298723
https://doi.org/10.1007/s00217-006-0558-8
https://doi.org/10.1007/s00217-006-0558-8
https://www.euromonitor.com/the-rise-of-vegan-and-vegetarian-food/report
https://www.euromonitor.com/the-rise-of-vegan-and-vegetarian-food/report
https://doi.org/10.1126/science.aaq0216

130 . RYBICKA, K. BOHDAN, P. £. KOWALCZEWSKI

& Scazzina, F. (2017). Environmental impact of omnivorous, ovo-lacto-vegetarian, and
vegan diet. Scientific Reports, 7, 6105. https://doi.org/10.1038/s41598-017-06466-8

Sarkar, P., Tamang, J., Cook, P. E., & Owens, J. D. (1994). Kinema—a traditional soybean
fermented food: Proximate composition and microflora. Food Microbiology, 11(1),
47-55. https://doi.org/10.1006/fmic.1994.1007

Shmerling, R. (2019, November 25). Plant-based diets are best... or are they? Har-
vard Health. https://www.health.harvard.edu/blog/plant-based-diets-are-best-or-are-
they-2019103118122

Singh, M., Trivedi, N., Enamala, M. K., Kuppam, C., Parikh, P., Nikolova, M. P., & Cha-
vali, M. (2021). Plant-based meat analogue (PBMA) as a sustainable food: A concise
review. European Food Research and Technology, 247(10), 2499-2526. https://doi.
org/10.1007/s00217-021-03810-1

Starowicz, M., Kubara Poznar, K., & Zielinski, H. (2022). What are the main sensory
attributes that determine the acceptance of meat alternatives? Current Opinion in Food
Science, 48, 100924. https://doi.org/10.1016/j.cofs.2022.100924

Statista. (2020). Y4 sales growth of plant-based meat substitutes in selected European coun-
tries from October 2019 to September 2020. https://www.statista.com/statistics/1258158/
sales-growth-of-plant-based-meat-products-in-selected-european-countries/

Statista. (2021a). Composition of the meat alternatives market worldwide from 2025 to
2040, by product type. https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/
statistics/1255950/meat-and-meat-alternatives-market-breakdown/

Statista. (2021b). Do you avoid eating meat? https://www-1statista-1com-1s8fui2d1000d.
han3.ue.poznan.pl/forecasts/1256592/share-of-non-meat-eaters-in-european-coun-
tries?locale=en

Statista. (2021c¢). Estimated market value share of plant-based meat worldwide in 2020,
by  region. https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/statis-
tics/890262/global-meat-substitutes-market-share-by-region/

Statista. (2021d). Worldwide meat substitute revenue in 2023, by country. https://www-1sta-
tista-1com-1s8fui2kz007a.han3.ue.poznan.pl/forecasts/1276534/worldwide-meat-sub-
stitute-revenue-by-country

Statista. (2022). Most popular plant-based meat alternatives brands in Poland in 2022.
https://www-1statista-1com-1s8fui2om0000.han3.ue.poznan.pl/statistics/1372679/
poland-top-10-plant-based-meat-alternatives-brands/?locale=en

Statista. (2023a). Do you happen to eat meat or meat alternatives at least occasionally?
https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/statistics/1372691/po-
land-share-of-people-eating-meat-or-meat-alternatives/?locale=en

Statista. (2023b). Market revenue of plant-based meat worldwide from 2018 to 2028. Sta-
tista. https://www-1statista-1com-1s8fui2e40116.han3.ue.poznan.pl/forecasts/877369/
global-meat-substitutes-market-value?locale=en

Statista. (2023c). Share of vegans in select countries worldwide in 2022. https://www.
statista.com/statistics/1280066/global-country-ranking-vegan-share/

Statista. (2023d). Share of vegetarians in select countries worldwide in 2023. https://www.
statista.com/statistics/1280079/global-country-ranking-vegetarian-share/


https://doi.org/10.1038/s41598-017-06466-8
https://doi.org/10.1006/fmic.1994.1007
https://www.health.harvard.edu/blog/plant-based-diets-are-best-or-are-they-2019103118122
https://www.health.harvard.edu/blog/plant-based-diets-are-best-or-are-they-2019103118122
https://doi.org/10.1007/s00217-021-03810-1
https://doi.org/10.1007/s00217-021-03810-1
https://doi.org/10.1016/j.cofs.2022.100924
https://www.statista.com/statistics/1258158/sales-growth-of-plant-based-meat-products-in-selected-european-countries/
https://www.statista.com/statistics/1258158/sales-growth-of-plant-based-meat-products-in-selected-european-countries/
https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/statistics/1255950/meat-and-meat-alternatives-market-breakdown/
https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/statistics/1255950/meat-and-meat-alternatives-market-breakdown/
https://www-1statista-1com-1s8fui2dl000d.han3.ue.poznan.pl/forecasts/1256592/share-of-non-meat-eaters-in-european-countries?locale=en
https://www-1statista-1com-1s8fui2dl000d.han3.ue.poznan.pl/forecasts/1256592/share-of-non-meat-eaters-in-european-countries?locale=en
https://www-1statista-1com-1s8fui2dl000d.han3.ue.poznan.pl/forecasts/1256592/share-of-non-meat-eaters-in-european-countries?locale=en
https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/statistics/890262/global-meat-substitutes-market-share-by-region/
https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/statistics/890262/global-meat-substitutes-market-share-by-region/
https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/forecasts/1276534/worldwide-meat-substitute-revenue-by-country
https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/forecasts/1276534/worldwide-meat-substitute-revenue-by-country
https://www-1statista-1com-1s8fui2kz007a.han3.ue.poznan.pl/forecasts/1276534/worldwide-meat-substitute-revenue-by-country
https://www-1statista-1com-1s8fui2om0000.han3.ue.poznan.pl/statistics/1372679/poland-top-10-plant-based-meat-alternatives-brands/?locale=en
https://www-1statista-1com-1s8fui2om0000.han3.ue.poznan.pl/statistics/1372679/poland-top-10-plant-based-meat-alternatives-brands/?locale=en
https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/statistics/1372691/poland-share-of-people-eating-meat-or-meat-alternatives/?locale=en
https://www-1statista-1com-1s8fui2kz0072.han3.ue.poznan.pl/statistics/1372691/poland-share-of-people-eating-meat-or-meat-alternatives/?locale=en
https://www-1statista-1com-1s8fui2e40116.han3.ue.poznan.pl/forecasts/877369/global-meat-substitutes-market-value?locale=en
https://www-1statista-1com-1s8fui2e40116.han3.ue.poznan.pl/forecasts/877369/global-meat-substitutes-market-value?locale=en
https://www.statista.com/statistics/1280066/global-country-ranking-vegan-share/
https://www.statista.com/statistics/1280066/global-country-ranking-vegan-share/
https://www.statista.com/statistics/1280079/global-country-ranking-vegetarian-share/
https://www.statista.com/statistics/1280079/global-country-ranking-vegetarian-share/

8. MEAT ALTERNATIVES—MARKET AND CONSUMPTION 131

UBS Sustainability and impact. (2021). Plant-based meats. https://www.ubs.com/global/
en/sustainability-impact/202 1/trends-plant-based-meats.html

Vallikkadan, M. S., Dhanapal, L., Dutta, S., Sivakamasundari, S. K., Moses, J. A.,
& Anandharamakrishnan, C. (2023). Meat alternatives: Evolution, structuring tech-
niques, trends, and challenges. Food Engineering Reviews, 15,329-359. https://doi.org/
10.1007/s12393-023-09332-8

Van der Weele, C., Feindt, P., Van der Goot, A. J., Van Mierlo, B., & Van Boekel, M. (2019).
Meat alternatives: An integrative comparison. Trends in Food Science & Technology,
88, 505-512. https://doi.org/10.1016/j.tifs.2019.04.018

Zahari, 1., Ostbring, K., Purhagen, J. K., & Rayner, M. (2022). Plant-based meat analogues
from alternative protein: A systematic literature review. Foods, 11(18), 2870. https://
doi.org/10.3390/foods11182870


https://www.ubs.com/global/en/sustainability-impact/2021/trends-plant-based-meats.html
https://www.ubs.com/global/en/sustainability-impact/2021/trends-plant-based-meats.html
https://doi.org/10.1007/s12393-023-09332-8
https://doi.org/10.1007/s12393-023-09332-8
https://doi.org/10.1016/j.tifs.2019.04.018
https://doi.org/10.3390/foods11182870
https://doi.org/10.3390/foods11182870

