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Review 

What next for mycoprotein? 
Tomas Linder   

Mycoprotein is a protein-rich food ingredient derived from 
cultivated fungal mycelium. Mycoprotein-containing meat 
imitation food products were first commercialized nearly 40 
years ago and have since become a safe, nutritious, and 
generally well-established vegetarian alternative for consumers 
wishing to reduce or completely avoid meat consumption. In 
just the past few years, there has been a notable resurgence in 
mycoprotein innovation with many new companies developing 
novel mycoprotein products while also employing a wider range 
of fungal species as well as cultivation methods. However, 
questions remain about how successful mycoprotein has been 
as a novel food ingredient with regard to its sustainability and 
resilience of production as well as its potential for further market 
growth globally. 
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Introduction 
The term mycoprotein (originally spelt ‘myco-protein’) 
was originally coined in the mid-1980s to describe a 
protein-rich product derived from the edible mycelium 
of the soil-living fungus Fusarium venenatum, which had 
been developed by the British company Marlow Foods  
[1]. Although the first product of its kind to be com-
mercialized for human consumption in 1985, Marlow 
Foods’ mycoprotein (sold under the brand name Quorn) 
was actually not the only food (and feed) product to be 
developed from edible fungal mycelium at the time. 
The Finnish company Pekilo had developed an analo-
gous product from the filamentous fungus Paecilomyces 

variotii, which was cultivated on organic by-products of 
wood pulping [2]. The protein-rich product developed 
from P. variotii mycelium (named Pekilo as well) dis-
played good nutritional properties but was ultimately 
discontinued in 1991 due in part to a shortage of cheap 
substrate for cultivation. 

Today, fungi find an increasing number of uses in food 
production and processing, which can lead to some 
confusion of what qualifies as mycoprotein and what 
does not. The author recommends that the term ‘my-
coprotein’ should only be used in reference to a protein- 
rich product derived from fungal mycelium after har-
vesting and downstream processing. As such, mycopro-
tein would not encompass fungal fruiting bodies 
(mushrooms) or fermented food products that have been 
inoculated with mycelium-forming (filamentous) fungi, 
which include such products as angkak, tempeh, koji, 
and oncom [3]. Nor would it include yeast-based pro-
ducts such as Marmite [4] — even though yeasts are also 
fungi. Finally, recombinant food proteins such as milk 
casein or chicken ovalbumin produced using genetically 
engineered filamentous fungi (e.g. Trichoderma reesei [5]) 
would also not qualify as mycoprotein. 

Another common source of confusion regarding the 
nature of mycoprotein is the multiple meanings of the 
word fermentation. Unlike, for example, tempeh, my-
coprotein is not a fermented product where fermentation 
is defined as microbially mediated transformation of an 
edible substrate with the aim of achieving a desirable 
combination of sensory properties (taste, smell, texture, 
and/or visual appearance) of the final food product. 
Instead, the production of mycoprotein is more akin to 
that of penicillin or recombinant insulin in that it is a 
fermentation-derived product where fermentation is de-
fined as a biocatalytic manufacturing process employing 
cultured cells with the aim of achieving the highest 
possible process efficiency. 

The choice of fungal mycelium rather than single-celled 
yeasts for the production of a fungal food product greatly 
simplifies the harvesting of the biomass from the culti-
vation medium [1]. Another benefit of the filamentous 
morphology of these fungi is the ability of the hyphae to 
mimic muscle fibers, although egg white protein or other 
binding agents must be added to cross-link the hyphae 
to achieve the desired texture in meat imitation products  
[1,6]. However, unlike yeasts, many filamentous fungi 
can produce highly toxic secondary metabolites known 
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as mycotoxins [7], which necessitates very careful safety 
evaluation of each new fungal strain considered for 
mycoprotein production [1,8,9]. 

Mycoprotein is generally considered to be a high-quality 
protein source with a reported protein digestibility cor-
rected amino acid score above 90% [1,8], which would 
put mycoprotein in the same range as such high-quality 
protein sources as soy (91%), beef (92%), egg (100%), 
and cow’s milk (100%). Although protein does constitute 
the main component of mycoprotein (typically reported 
as 40–60% of dry weight), it also contains nonprotein 
components such as β-glucans, lipids, and B vitamins  
[8–10]. There is some debate that standard protocols 
used for compositional analysis may in fact overestimate 
the protein content in mycelial biomass somewhat due 
to the presence of nonprotein nitrogen-containing com-
pounds [11]. While this review is concerned with fungal 
mycelium primarily as a source of dietary protein, some 
so-called ‘oleaginous’ fungi have the ability to hyper-
accumulate lipids within their cells, which make them a 
promising source of dietary fats [12,13]. 

Mycoprotein is sometimes classified as a ‘plant-based’ 
ingredient although fungi are much closer relatives of 
animals than plants. The author has also noted some 
recent attempts at rebranding mycoprotein as ‘fungi- 
based protein’, which the author would strongly dis-
courage since it is both grammatically incorrect (the 
correct term in this case would be either ‘fungus-based 
protein’ or ‘fungal protein’) and, more importantly, risks 
adding even more confusion. 

Current state of the mycoprotein field 
The impetus for developing a food product based on 
fungal mycelium dates back to the 1960s. At the time, 
fears of global protein shortages spurred researchers 
across the world to investigate the possibility of using 
bulk cellular protein of cultured micro-organism — so- 
called single-cell protein (SCP), as a novel source of 
food. This initiative included not only filamentous fungi 
but also yeasts, bacteria, and microalgae. By the late 
1980s, Marlow Foods’ Quorn mycoprotein was one of 
the few SCP products that remained in production. At 
this stage, mycoprotein products were marketed purely 
as vegetarian meat substitutes. 

In just the last couple of years, the mycoprotein field has 
seen a significant resurgence. This is due in part to ex-
piration of some of Marlow Foods’ original mycoprotein 
patents but also due to growing interest and demand for 
more ethical and environmentally sustainable food al-
ternatives to beef, pork, chicken, fish, dairy, and eggs. 
Consequently, such products have become collectively 
known as ‘alternative protein’ [14] and — in addition to 

mycoprotein, include plant-based protein, edible insects, 
cultivated meat, and recombinant dairy and egg proteins. 

At the time of writing, there are several mycoprotein 
companies in various stages of product development and 
commercialization (see Table 1 for selected examples). 
Most mycoprotein producers have focused on devel-
oping imitations of meat products (Figure 1a–c), such as 
mince, sausages, bacon, chicken nuggets, and jerky. 
However, there are also some notable examples of 
nonmeat imitation products, such as mycoprotein-based 
dairy imitation products, which have been developed 
and commercialized by Nature’s Fynd (Figure 1d). More 
recently, the US mycoprotein startup company Hyfé 
Foods is developing mycoprotein-based pasta pro-
ducts [15]. 

A number of mycoprotein companies have chosen to 
employ the original F. venenatum A3/5 strain used in 
Marlow Foods’ Quorn-brand products since its initial set 
of associated patents have now expired, and this strain 
already has wide-ranging regulatory approval for human 
consumption [16]. Nature’s Fynd uses a novel Fusarium 
strain that is provisionally called ‘flavolapis’ [8], while the 
Finnish company Enifer has chosen to resurrect the 
Pekilo fungal strain P. variotii KCL-24 [2]. US myco-
protein producer The Better Meat Co is using the ubi-
quitous fungus Neurospora crassa [9], which is a close 
relative of Neurospora species with established use in 
food fermentations [3]. Some mycoprotein companies, 
for example, Mush Foods [17] and MyForest Foods [18], 
have chosen to use established mushroom-forming fungi 
such as oyster mushroom (Pleurotus) for cultivation of 
mycelium. A number of mycoprotein producers have yet 
to declare the exact identity of their production strains 
— although some of these companies have indicated 
that they are using established fungal strains that already 
have regulatory approval for human consumption. 

Table 1 

Selected producers of mycoprotein products for food (and feed, 
where indicated).     

Company name Corporate headquarters Product name  

The Better 
Meat Co. 

West Sacramento, 
CA, USA 

Rhiza 

Enifer Espoo, Finland Pekilo (also feed) 
ENOUGH Glasgow, UK ABUNDA 
Eternal San Francisco, CA, US Mycofood 
Hyfé Foods Chicago, IL, USA (none so far) 
Marlow Foods Ltd Stokesley, UK Quorn 
Meati Foods Boulder, CO, USA MushroomRoot 
Mush Foods New York, NY, USA 50CUT 
Mycorena Gothenburg, Sweden Promyc 
MyForest 
Foods Co. 

Green Island, NY, USA MyBacon 

Nature’s Fynd Chicago, IL, USA Fy   
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Most mycoprotein fungi are cultivated through sub-
merged fermentation in large bioreactors containing 
nutrient-rich broth and are harvested continuously, ty-
pically through filtration [1]. This cultivation method 
allows for high productivity but requires substantial ca-
pital expenditures for bioreactor construction, operation, 
and maintenance. The mycoprotein startups MyForest 
Foods and Mush Foods employ an alternative solid-state 
fermentation approach where fungal mycelium is culti-
vated on a solid substrate such as wood chips [18] or 
upcycled solid food and agricultural waste [17], respec-
tively. This solid-state fermentation strategy circum-
vents the need for conventional bioreactors, although the 
cultivation procedure still requires temperature and 
humidity control. While mycoprotein production 
through submerged fermentation has a proven four- 
decade record of scalability and profitability [1], it re-
mains to be seen how well mycoprotein generated 
through solid-state fermentation will perform as pro-
duction is scaled up. 

Measuring success 
With the 40th anniversary of the commercialization of 
the first mycoprotein products for human consumption 
nearly upon us [1], it would seem appropriate to take 

stock of what mycoprotein has achieved until now. In 
terms of nutritional properties and safety record, myco-
protein has performed well thus far [1,8,9], although it 
should be noted that the formulation of individual my-
coprotein products with respect to added fats, salt, and 
so on will obviously influence overall nutritional quality. 
A number of studies have reported beneficial health 
effects from mycoprotein consumption, which have been 
reviewed previously [1]. 

Mycoprotein products are generally marketed as more 
sustainable alternatives to conventional meat and dairy. 
Animal agriculture is notorious for its high impacts on 
the environment in terms of greenhouse gas (GHG) 
emissions, fresh water use, and the destruction of natural 
ecosystems [19]. However, the environmental benefits 
of replacing all kinds of animal-derived protein (meat, 
eggs, and dairy) with mycoprotein are not always clear- 
cut when considering the ‘classical’ method of producing 
mycoprotein through submerged fermentation using a 
glucose feedstock [20]. The electricity requirements for 
large-scale cultivation and downstream processing are a 
key factor in the environmental footprint, which means 
that the individual environmental footprint of any one 
mycoprotein production facility is highly dependent on 

Figure 1  

Current Opinion in Food Science

Selected examples of mycoprotein food products approved for human consumption. (a) Quorn®-brand imitation minced meat manufactured from the 
mycelium of Fusarium venenatum. (Image provided by Quorn Foods and used with permission.) (b) MyBacon-brand imitation bacon manufactured 
from the mycelium of oyster mushroom belonging to the genus Pleurotus. (Image provided by MyForest Foods and used with permission.) (c) Rhiza- 
brand imitation jerky manufactured from the mycelium of Neurospora crassa. (Image provided by The Better Meat Co and used with permission.) (d) 
Fy-brand imitation yogurt manufactured from the mycelium of Fusarium strain flavolapis. (Image provided by Nature’s Fynd and used with 
permission.).   
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the local energy mix. It should also be noted that the 
ammonia commonly used as nitrogen feedstock for cul-
tivation of fungal mycelium is generally manufactured 
using natural gas [21]. 

Results are less ambiguous when comparing mycoprotein 
to beef specifically since beef is especially costly in terms 
of environmental impact [19]. A recent modeling study 
predicted that replacing just 20% of global beef con-
sumption with mycoprotein by the year 2050 would have 
a disproportionate effect on reducing land use change and 
its associated GHG emissions [22]. In this context, it is 
worth noting that a number of mycoprotein producers 
such as Mush Foods and Mycorena are exploring myco-
protein/meat hybrid products [17,23]. Mycorena are de-
veloping their own range of ready-made hybrid products  
[23], while Mush Foods are developing mycoprotein in-
gredients (‘mycelium blends’) that are sold to other food 
companies for final product development [17]. 

Resilience is another factor worth considering. How re-
sistant are current mycoprotein production methods to 
system-level shocks such as supply chain disruptions 
caused by pandemics, extreme weather events, social 
conflicts, and so on? The overwhelming reliance on glu-
cose as a carbon feedstock for fungal cultivation among 
most mycoprotein producers is probably the largest source 
of vulnerability [21,24]. The production of Quorn myco-
protein, which is dependent on glucose, already has a 
documented vulnerability to supply chain disruptions [1]. 
Climate change is expected to adversely affect sugar 
yields going forward, which can lead to downstream ef-
fects such as export controls and price spikes. It is 
therefore encouraging that a number of mycoprotein 
producers have proactively chosen to use nonglucose 
feedstocks such as food industry side streams (Enifer, 
Hyfé Foods), agricultural residues (Mush Foods), and 
wood chips (MyForest Foods) [2,15,17,18]. 

In terms of consumer acceptance, older mycoprotein 
brands such as Quorn are firmly established in countries 
such as the United Kingdom and the United States. 
Nevertheless, mycoprotein products remain a niche 
market in those countries where they have received 
regulatory approval, which is currently limited to the 
United States, a number of European countries, 
Australia, New Zealand, the Philippines, and Singapore. 
The limited accessibility to mycoprotein products 
worldwide is in part due to regulatory hurdles. A less 
well-understood factor in countries with no prior history 
of mycoprotein consumption is how food neophobia 
would impact consumer acceptance and how mycopro-
tein fits in with local food culture and tradition as well as 
religious practices. Two additional factors that pertain to 
accessibility of mycoprotein products in developing na-
tions are affordability and adequate infrastructure for 
transport and storage of mycoprotein products. This 

latter aspect derives from the fact that nearly all current 
mycoprotein products require either cold or frozen sto-
rage. This requirement becomes an issue in countries 
that lack stable cold chains and reliable electricity supply 
overall [21]. 

A final dilemma that concerns both consumer preference 
and sustainability is the very real potential for competi-
tion between different categories of alternative protein 
such as between mycoprotein and plant-based products. 
In fact, by competing directly with plant-based products 
rather than animal-derived protein, mycoprotein actually 
risk increasing overall environmental impacts by dis-
placing food products with a lower environmental foot-
print than its own [25]. 

Untapped potential of novel carbon 
feedstocks for increasing sustainability and 
resilience of mycoprotein production 
From the previous section, it is clear that mycoprotein 
still has some ways to go in order to achieve success with 
regard to factors such as sustainability and resilience 
(Figure 2). The choice of carbon feedstock is one of the 
most important determinants of process sustainability  
[20] and resilience [21,24], which should motivate a 
transition away from food-grade carbon feedstocks such 
as glucose. The use of side streams from food industry, 
agriculture and forestry is a step in the right direction — 
although committing a particular mycoprotein process to 
a specific side stream can itself become a vulnerability if 
the side stream disappears, which was the case with the 
original Pekilo process [2]. 

One exciting category of carbon feedstocks that has yet 
to be employed in commercial mycoprotein production 
is noncarbohydrate organic compounds such as me-
thanol, ethanol, and acetic acid. Such compounds can be 
synthesized directly from captured CO2 either through 
direct chemical catalytic conversion or biocatalytic con-
version (e.g. syngas fermentation) — a concept the au-
thor has termed ‘carbon capture, conversion and 
cultivation’ (CCCC) [26]. This process concept is at-
tractive because it decouples food production entirely 
from photosynthetic carbon fixation and its associated 
biophysical requirements such as access to arable land 
and favorable climate conditions. This effectively ‘cli-
mate-proofs’ food production provided that electricity 
can be provided reliably to power CO2 capture, catalytic 
conversion into organic feedstocks, cultivation of the 
fungal mycelium, and subsequent downstream proces-
sing. Theoretical modeling of an analogous process in 
bacteria powered by photovoltaics has shown that the 
predicted geographical footprint of a CCCC-type pro-
cess could shrink land use requirements by 10-fold 
compared to soy cultivation [27]. The author is unaware 
of any published studies that have investigated the land 
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use requirements for the use of CO2-derived organic 
feedstocks for mycoprotein production and should be a 
priority going forward. 

In the near term, the expanded use of nonglucose 
feedstocks for mycoprotein production is a promising 
approach to not only decrease the environmental foot-
print of mycoprotein but also increase its resilience. 
While side streams from the food industry provide a 
relatively nonproblematic source of feedstock, it is un-
clear how much can be made available for mycoprotein 
production on a global scale, especially since some of 
these side streams (e.g. organic waste from dairy pro-
cessing) could face eventual elimination by production 
of alternative protein such as dairy imitations. 

Inedible plant biomass such as straw and wood is another 
potential source of carbon feedstock that has the po-
tential to improve the sustainability and resilience of 
mycoprotein production. MyForest Foods have already 
demonstrated the feasibility of small-scale cultivation of 
oyster mushroom mycelium on wood chips [18], but it 
remains to be determined to what extent such a process 

can be scaled up. However, as there is no requirement 
for large bioreactors, this approach is particularly attrac-
tive in areas of the world where there is no capital for 
fermentation infrastructure, electricity supply is unreli-
able, and there is a lack of skilled labor in bioprocess 
engineering. While oyster mushroom is a naturally wood- 
degrading fungus, mycoprotein production from inedible 
plant biomass using fungi that lack the ability to degrade 
the inedible carbohydrates in wood requires a combi-
nation of thermochemical pretreatment of the feedstock 
followed by enzymatic digestion of the carbohydrate 
chains into shorter fragments that can easily be assimi-
lated by the fungus. Pilot experiments using F. vene-
natum have shown some promise [28]. An alternative 
approach for fungi that do not naturally degrade wood or 
straw involve thermochemical gasification of the plant 
feedstock into syngas, which is a mixture of hydrogen 
gas, carbon monoxide, and CO2. This syngas can then be 
chemically converted into simple organic feedstocks in-
cluding methanol and acetic acid [29], which can then be 
used to cultivate fungal mycelium [26]. This last ap-
proach has not yet been applied in commercial myco-
protein as far as the author is aware. 

Figure 2  

Current Opinion in Food Science

Has mycoprotein reached its full potential? This review argues that mycoprotein products have established themselves as safe, nutritious, and 
palatable in the nearly 40 years since they were first commercialized [1]. (The health benefits of mycoprotein will obviously depend on the overall 
formulation of the mycoprotein-containing product, such as salt and fat content.) However, the full potential of mycoprotein has yet to be realized in 
terms of such properties as sustainability, resilience, accessibility, affordability, and desirability. With regard to sustainability and resilience, the 
prevailing use of glucose as a carbon feedstock for mycoprotein production not only entails a noticeable environmental footprint in terms of land use 
and its associated GHG emissions [20] but also leaves the process vulnerable to disruptions in the feedstock supply chain [1,24], especially in light of 
the effects climate change is expected to have on agricultural yields [21]. At present, mycoprotein products are only commercially available in selected 
countries, predominantly in Europe and North America. Improving accessibility to mycoprotein products to consumers globally will involve not only 
achieving widespread regulatory approval but also accounting for areas that do not possess stable cold chains or electricity supply in general. This 
precludes the distribution of mycoprotein products that require cold or frozen storage. To facilitate access to mycoprotein products for consumers in 
electricity insecure areas, mycoprotein producers need to diversify their product range to include dry mycoprotein products that can be stored at 
ambient temperature [21], for example, mycoprotein-containing flour and pasta products [15]. Improving desirability of mycoprotein products to 
achieve greater consumer adoption is perhaps one of the greatest challenges. Will improved sensory properties of mycoprotein products (taste, 
appearance, and mouthfeel) as well as achieving price parity with conventional meat products be enough to drive greater market penetration, 
considering that the consumption of meat and other forms of animal protein have deep cultural significance in many societies [31]?   
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Algal biomass is another interesting candidate feedstock 
for mycoprotein production. Macroalgae such as kelp 
grow rapidly and do not require freshwater. However, 
the carbohydrate composition of macroalgae differs sig-
nificantly from that of land-living plants, and therefore, 
the direct utilization of algal biomass as a carbon feed-
stock will likely require fungal species specialized at 
degrading this type of substrate [30]. Alternatively, algal 
biomass can be subjected to thermochemical gasification 
as described above and converted into generic organic 
feedstocks for already established mycoprotein produc-
tion strains. 

In summary, there are clearly many promising alter-
native carbon feedstocks that have the potential to im-
prove process sustainability and resilience. However, it 
should be noted that global mycoprotein production 
capacity would have to increase substantially before any 
tangible effects on food system sustainability and resi-
lience would manifest themselves. 

Conclusion 
The mycoprotein field is seeing an exciting revitalization 
nearly four decades after the first mycoprotein-con-
taining food product appeared in store freezers. On the 
one hand, mycoprotein has been a success in estab-
lishing itself as safe, nutritious and palatable alternative 
to meat products. On the other hand, mycoprotein still 
has potential to go much further (Figure 2). This review 
has focused mostly on how the choice of carbon feed-
stock can greatly decrease the environmental footprint of 
mycoprotein product while at the same time improving 
the resilience of the mycoprotein production process 
from sudden shocks to global supply chains. An in-
creased frequency of extreme weather events caused by 
climate change is the most obvious threat to global food 
production. The possibility of using novel carbon feed-
stocks to decouple mycoprotein production from agri-
cultural yields — either by using nonedible biomass 
(wood, straw, macroalgae) [28,30] or direct catalytic 
conversion of captured CO2 into simple organic com-
pounds [26], would turn mycoprotein into an invaluable 
instrument in securing global food security in an other-
wise increasingly volatile future. 

Data Availability 

No data were used for the research described in the ar-
ticle. 

Declaration of Competing Interest 

The author currently serves as an unpaid advisor to the 
company Arkeon, which is developing microbial food 
products based on an archaeal production organism ra-
ther than filamentous fungi. The present article is solely 

the work of the author. Arkeon was not involved in au-
thoring or editing the article text in any way. 

Acknowledgements 
The author would like to thank representatives from The Better Meat Co, 
MyForest Foods, Nature’s Fynd, and Quorn Foods for kindly providing 
images for use in this article. 

References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  
•• of outstanding interest  

1. Whittaker JA, Johnson RI, Finnigan TJA, Avery SV, Dyer PS: The 
biotechnology of Quorn mycoprotein: past, present and future 
challenges. In Grand Challenges in Fungal Biotechnology. Edited 
by Nevalainen H. Springer; 2020:59-79. 

2. Ellilä S: How the World’s First Fungal Protein Product Came to 
Be Produced Deep in the Finnish Forests; 2023 〈https://enifer. 
com/wp-content/uploads/2023/12/pekilo-history.pdf〉. 

3. Canoy TS, Wiedenbein ES, Bredie WLP, Meyer AS, Wösten HAB, 
Nielsen DS: Solid-state fermented plant foods as new protein 
sources. Annu Rev Food Sci Technol 2023, 15:189-210, https:// 
doi.org/10.1146/annurev-food-060721-013526 

4. Tomé D: Yeast extracts: nutritional and flavoring food 
ingredients. ACS Food Sci Technol 2021, 1:487-494. 

5. Nielsen MB, Meyer AS, Arnau J: The next food revolution is here: 
recombinant microbial production of milk and egg proteins by 
precision fermentation. Annu Rev Food Sci Technol 2023, 
15:173-187, https://doi.org/10.1146/annurev-food-072023-034256 

6. Okeudo-Cogan MC, Murray BS, Ettelaie R, Connell SD, Radford 
SJ, Micklethwaite S, Sarkar A: Understanding the microstructure 
of a functional meat analogue: demystifying interactions 
between fungal hyphae and egg white protein. Food Hydrocoll 
2023, 140:108606. 

7. Pitt JI, Hocking AD: Mycotoxins. Fungi and Food Spoilage. 
Springer; 2022:569-604. 

8. Furey B, Slingerland K, Bauter MR, Dunn C, Goodman RE, Koo S: 
Safety evaluation of Fy Protein™ (Nutritional Fungi Protein), a 
macroingredient for human consumption. Food Chem Toxicol 
2022, 166:113005. 

9. Bartholomai BM, Ruwe KM, Thurston J, Jha P, Scaife K, Simon R, 
Abdelmoteleb M, Goodman RE, Farhi M: Safety evaluation of 
Neurospora crassa mycoprotein for use as a novel meat 
alternative and enhancer. Food Chem Toxicol 2022, 168:113342. 

10. Finnigan TJA, Needham L, Abbott C: Mycoprotein: a healthy new 
protein with a low environmental impact. In Sustainable Protein 
Sources. Edited by Nadathur S, Wanasundara J, Scanlin L. 
Academic Press; 2017:305-325. 

11. Scholtmeijer K, van den Broek LAM, Fischer ARH, van Peer A: 
Potential protein production from lignocellulosic materials 
using edible mushroom forming fungi. J Agric Food Chem 2023, 
71:4450-4457. 

12. Southey F: Fungi-based butter: mycoprotein maker develops 
‘first prototype’ for alt dairy applications. Food Navig 2022, 
〈https://www.foodnavigator.com/Article/2022/07/08/mycorena- 
makes-mycoprotein-butter-prototype-for-alt-dairy-applications〉. 

13. Xu Q, Tang Q, Xu Y, Wu J, Mao X, Li F, Wang S, Wang Y: 
Biotechnology in future food lipids: opportunities and 
challenges. Annu Rev Food Sci Technol 2023, 14:225-246. 

14. Jones N: Fungi bacon and insect burgers: a guide to the 
proteins of the future. Nature 2023, 619:26-28. 

15. Latham K: The firms making flour from mushrooms and 
cauliflower. BBC 2022,  〈https://www.bbc.com/news/business- 
62646817〉. 

6 Where does mycoprotein go from here?  

www.sciencedirect.com Current Opinion in Food Science 2024, 58:101199 

http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref1
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref1
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref1
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref1
https://enifer.com/wp-content/uploads/2023/12/pekilo-history.pdf
https://enifer.com/wp-content/uploads/2023/12/pekilo-history.pdf
https://doi.org/10.1146/annurev-food-060721-013526
https://doi.org/10.1146/annurev-food-060721-013526
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref3
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref3
https://doi.org/10.1146/annurev-food-072023-034256
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref5
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref5
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref5
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref5
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref5
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref6
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref6
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref7
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref7
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref7
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref7
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref8
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref8
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref8
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref8
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref9
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref9
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref9
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref9
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref10
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref10
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref10
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref10
https://www.foodnavigator.com/Article/2022/07/08/mycorena-makes-mycoprotein-butter-prototype-for-alt-dairy-applications
https://www.foodnavigator.com/Article/2022/07/08/mycorena-makes-mycoprotein-butter-prototype-for-alt-dairy-applications
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref12
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref12
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref12
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref13
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref13
https://www.bbc.com/news/business-62646817
https://www.bbc.com/news/business-62646817


16. Das RS, Dong G, Tiwari BK, Garcia-Vaquero M: Food safety 
concerns of alternative proteins and regulatory guidelines for 
their commercialization in the human food market. In Future 
Proteins: Sources, Processing, Applications and the Bioeconomy. 
Edited by Tiwari BK, Healy LE. Academic Press; 2023:469-508. 

17. Watson E: The future of alt meat is hybrid, says Mush Foods as 
it launches mycelium blends in US market. AgFunderNews 2024, 
〈https://agfundernews.com/the-future-of-alt-meat-is-hybrid- 
says-mush-foods-as-it-launches-mycelium-blends-in-us-market〉. 

18. Watson E: There’s more than one way to make meat from 
mycelium, says MyForest CEO: ‘what we’re doing is far 
cheaper than building fermenters’. Food Navig 2022,  〈https:// 
www.foodnavigator-usa.com/Article/2022/08/02/there-s-more- 
than-one-way-to-make-meat-from-mycelium-says-myforest-ceo- 
what-we-re-doing-is-far-cheaper-than-building-fermenters〉. 

19.
••

Parlasca MC, Qaim M: Meat consumption and sustainability. 
Annu Rev Resour Econ 2022, 14:17-41. 

This is an outstanding review on the global state of meat consumption 
and its drivers. The authors give a balanced overview of both the eco-
nomic, cultural, and nutritional importance of animal agriculture and 
contrast it to its detrimental effects on the environment. 

20. Smetana S, Ristic D, Pleissner D, Tuomisto HL, Parniakov O, Heinz 
V: Meat substitutes: resource demands and environmental 
footprints. Resour Conserv Recycl 2023, 190:106831. 

21.
•

Linder T: Fulfilling the promises of fermentation-derived foods. 
GEN Biotechnol 2023, 2:188-196. 

This perspective by the author discusses in greater depth some of the 
long-term issues that are expected to follow a more significant transition 
to fermentation-derived foods (FDFs) such as mycoprotein, cultivated 
meat, and recombinant dairy proteins. These issues include the need for 
more sustainable and resilient carbon feedstocks, development of 
‘green’ ammonia synthesis and the tension between corporate food 
technology intellectual property protection on the one hand and the 
concept of national food sovereignty on the other. 

22.
••

Humpenöder F, Bodirsky BL, Weindl I, Lotze-Campen H, Linder T, 
Popp A: Projected environmental benefits of replacing beef 
with microbial protein. Nature 2022, 605:90-96. 

This modeling study investigates the expected environmental impacts of 
gradual replacement of beef with mycoprotein globally until the year 
2050. One key finding of the study is the disproportionate effect of a 
relatively minor substitution level (20%) that derives from the re-
purposing of pasture land into cropland, thereby avoiding further de-
forestation and its associated emissions. 

23. Southey F: Blending meat and mycoprotein: new hybrid 
products prepare to enter European market. Food Navig 2023, 
〈https://www.foodnavigator.com/Article/2023/01/10/blending- 
meat-and-mycoprotein-new-hybrid-products-prepare-to-enter- 
european-market〉. 

24.
•

Tzachor A, Richards CE, Holt L: Future foods for risk-resilient 
diets. Nat Food 2021, 2:326-329. 

This perspective discusses some of the vulnerabilities of alternative 
protein sources to systemic disturbances of the food system. The cur-
rent reliance on easily catabolized carbohydrates such as glucose, su-
crose, and starch for mycoprotein production is identified as a key 
vulnerability. 

25.
•

Cottrell RS, Maier J, Ferraro DM, Blasco GD, Geyer R, Froehlich 
HE, Halpern BS: The overlooked importance of food 
disadoption for the environmental sustainability of new foods. 
Environ Res Lett 2021, 16:104022. 

This article highlights the potential for unanticipated increases in overall 
food-associated emissions if mycoprotein ends up displacing other 
sustainable sources of alternative protein rather than animal-drived 
protein. 

26. Linder T: Beyond agriculture — how microorganisms can 
revolutionize global food production. ACS Food Sci Technol 
2023, 3:1144-1152. 

27.
••

Leger D, Matassa S, Noor E, Shepon A, Milo R, Bar-Even A: 
Photovoltaic-driven microbial protein production can use land 
and sunlight more efficiently than conventional crops. Proc Natl 
Acad Sci USA 2021, 118:e2015025118. 

This modeling study investigates the land use requirements for produ-
cing edible microbial biomass (of which mycoprotein is one form) using 
either hydrogen-dependent chemosynthesis or industrial electrosynth-
esis of organic feedstocks (formic acid and methanol) from captured 
CO2 (an approach referred to in the current review as ‘carbon capture, 
conversion and cultivation’ or ‘CCCC’). The authors show that such 
processes powered by photovoltaics would be expected to require 10 
times less land than the equivalent amount of protein produced through 
soy bean cultivation. 

28.
•

Upcraft T, Tu WC, Johnson R, Finnigan T, Van Hung N, Hallett J, 
Guo M: Protein from renewable resources: mycoprotein 
production from agricultural residues. Green Chem 2021, 
23:5150-5165. 

This article investigates the potential of using lignocellulosic carbon 
feedstocks for the cultivation of the common mycoprotein fungus F. 
venenatum through cultivation experiments combined with both life 
cycle assessment and techno-economic assessment. The authors 
conclude that there is reasonable scope for improvement of the process 
thus decreasing both costs and carbon footprint. 

29. Akbarian A, Andooz A, Kowsari E, Ramakrishna S, Asgari S, 
Cheshmeh ZA: Challenges and opportunities of lignocellulosic 
biomass gasification in the path of circular bioeconomy. 
Bioresour Technol 2022, 362:127774. 

30. Salgado CL, Muñoz R, Blanco A, Lienqueo ME: Valorization and 
upgrading of the nutritional value of seaweed and seaweed 
waste using the marine fungi Paradendryphiella salina to 
produce mycoprotein. Algal Res 2021, 53:102135. 

31. Milford AB, Le Mouël C, Bodirsky BL, Rolinski S: Drivers of meat 
consumption. Appetite 2019, 141:104313.  

Where does mycoprotein go from here? Linder 7 

www.sciencedirect.com Current Opinion in Food Science 2024, 58:101199 

http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref15
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref15
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref15
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref15
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref15
https://agfundernews.com/the-future-of-alt-meat-is-hybrid-says-mush-foods-as-it-launches-mycelium-blends-in-us-market
https://agfundernews.com/the-future-of-alt-meat-is-hybrid-says-mush-foods-as-it-launches-mycelium-blends-in-us-market
https://www.foodnavigator-usa.com/Article/2022/08/02/there-s-more-than-one-way-to-make-meat-from-mycelium-says-myforest-ceo-what-we-re-doing-is-far-cheaper-than-building-fermenters
https://www.foodnavigator-usa.com/Article/2022/08/02/there-s-more-than-one-way-to-make-meat-from-mycelium-says-myforest-ceo-what-we-re-doing-is-far-cheaper-than-building-fermenters
https://www.foodnavigator-usa.com/Article/2022/08/02/there-s-more-than-one-way-to-make-meat-from-mycelium-says-myforest-ceo-what-we-re-doing-is-far-cheaper-than-building-fermenters
https://www.foodnavigator-usa.com/Article/2022/08/02/there-s-more-than-one-way-to-make-meat-from-mycelium-says-myforest-ceo-what-we-re-doing-is-far-cheaper-than-building-fermenters
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref18
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref18
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref19
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref19
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref19
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref20
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref20
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref21
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref21
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref21
https://www.foodnavigator.com/Article/2023/01/10/blending-meat-and-mycoprotein-new-hybrid-products-prepare-to-enter-european-market
https://www.foodnavigator.com/Article/2023/01/10/blending-meat-and-mycoprotein-new-hybrid-products-prepare-to-enter-european-market
https://www.foodnavigator.com/Article/2023/01/10/blending-meat-and-mycoprotein-new-hybrid-products-prepare-to-enter-european-market
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref23
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref23
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref24
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref24
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref24
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref24
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref25
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref25
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref25
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref26
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref26
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref26
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref26
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref27
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref27
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref27
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref27
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref28
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref28
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref28
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref28
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref29
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref29
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref29
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref29
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref30
http://refhub.elsevier.com/S2214-7993(24)00077-8/sbref30

	What next for mycoprotein?
	Introduction
	Current state of the mycoprotein field
	Measuring success
	Untapped potential of novel carbon feedstocks for increasing sustainability and resilience of mycoprotein production
	Conclusion
	Data Availability
	Declaration of Competing Interest
	Acknowledgements
	References and recommended reading




