
Sustainable
Food Technology

REVIEW

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

/1
0/

20
25

 7
:0

2:
19

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Mycoprotein: pro
aDairy Microbiology Division, ICAR-National

Haryana, India
bFood Technology and Management Divisio

Entrepreneurship and Management, Kundli,
cDepartment of Agricultural and Food Eng

Kharagpur, Kharagpur-721302, West Benga
dDairy Technology Division, ICAR-National

Haryana, India. E-mail: hosain93@gmail.co

Cite this: Sustainable Food Technol.,
2024, 2, 81

Received 21st September 2023
Accepted 17th November 2023

DOI: 10.1039/d3fb00169e

rsc.li/susfoodtech

© 2024 The Author(s). Published by
duction and nutritional aspects:
a review

Reshab Majumder,a Saptadip Miatur,b Akash Sahac and Shamim Hossain *d

To feed the increasing world population, finding sustainable sources of meat substitutes has become

necessary. Mycoprotein, derived from filamentous fungi, is a good meat alternative as it provides

nutrition and has some additional health benefits over conventional meat. It can act as a prebiotic,

antioxidant, blood cholesterol level regulator, and blood glucose level regulator. It also plays

a significant role in muscle protein development. Mycoprotein production is carried out by submerged

fermentation, solid-state fermentation, or surface culture method. The yield of the mycoprotein

depends on the type of microorganism or substrate used for the production. Different research

studies have proved that mycoprotein produced by submerged fermentation has a higher yield and

more nutritional benefits. The Food and Drug Administration gave certain fungal species the Generally

Recognized as Safe (GRAS) status. Some of the species include Monascus purpureus, Aspergillus

oryzae, Paradendryphiella salina, Neurospora intermedia, Rhizopus oryzae and Fusarium venenatum.

This fungal product has less environmental impact than conventional meat protein. The carbon

footprint of mycoprotein is 10 and 4 times less than that of beef and chicken, respectively. Although

some limitations are there, i.e., less protein, nausea, vomiting, sub-chronic toxicity, and allergic

reactions, mycoprotein may be widely accepted by the vegetarian population in the future as a meat

replacer.
Sustainability spotlight

Mycoprotein is one of the most suitable meat protein substitutes available. This review concisely covers all the aspects of mycoprotein. This review comprises the
history, various processes of production, nutritional aspects and health benets of mycoprotein. Finally, this paper presents the environmental impact of
mycoprotein over the conventional meat protein. This review will help future researchers, microbiologists and industrialists to better understand mycoprotein
and assist research on the limitations and applications of mycoprotein. This new type of protein can be an affordable and convenient alternative to meat protein.
This review aligns with the UN's Sustainable Development Goals [Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable
agriculture].
1. Introduction

Ensuring the world's expanding population has access to
sufficient, sustainable, and nutrient-rich food is one of our
biggest challenges. By 2050, given the annual growth rate of
0.8%, the world's population will be close to 9.8 billion.1 This
data suggests that protein consumption will be drastically
increased, which may lead to the prevalence of malnutrition
across the globe. To counteract this situation, protein
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production must be boosted; however, the difficulty is to
increase the production sustainably. Therefore, looking for
suitable alternatives to meat proteins which involve lower cost
and require fewer raw materials is essential.2 Emergent foods,
including insects, algae, and microbes, are highly demanded as
sustainable and alternative protein sources. The meat industry
won't be able to meet this increase in demand by using more
resources because of the ecological signicance of cattle and
issues with animal welfare. Demand for economical and
ecologically sustainable protein in the food system is increasing
signicantly.3 The growing Food-Based Dietary Guidelines
(FBDG) are gradually including more plant-based dietary
proteins. However, other popular dietary proteins, such as those
derived from fungi, appear to have gained less study. Myco-
proteins derived from fungi are gaining popularity due to their
excellent nutritional value, low production costs, ecological
advantages, and tolerance to environmental challenges,
including drought and ooding.4
Sustainable Food Technol., 2024, 2, 81–91 | 81
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Fusarium venenatum ATCC 2684 was developed in 1960
and is the prolic strain used to cultivate and harvest
mycoprotein. The sale of mycoprotein as a source of food
protein was authorized by the Ministry of Agriculture, Fish-
eries and Food (MAFF) in the United Kingdom in 1984, and it
is presently available for purchase in all EU member states.5

Aer that, further regulatory permits were granted in the US,
Norway, Australia, Switzerland, and, more recently, Canada,
Thailand, Japan, and Malaysia. The Quorn™ brand of vegan
and vegetarian food makes extensive use of mycoprotein.
Currently, fermentation is used to produce mycoprotein on
a large scale, producing a high-quality protein with little
environmental impact.6 Misconceptions concerning fungal-
based proteins must be claried because there is a rising
demand for nutrient-dense and sustainable new protein
sources. It will be a valuable alternative for the vegetarian
community and open a new gateway for food scientists,
researchers, and even the industries in the meat business.
This review discusses the development of mycoprotein, its
manufacturing, crucial nutritional components, health
aspects, ecological effects, safety issues, and upcoming
difficulties.
Fig. 1 Historical perspective of the development and commercialization

82 | Sustainable Food Technol., 2024, 2, 81–91
2. History of mycoprotein

The timeline of commercialization of fungal protein is shown in
Fig. 1. Practitioners and officials worldwide were concerned in
the 1960s that the projected population expansion may cause
future global protein shortages. Food researchers tried to create
a palatable, affordable source of microbial protein. Fusarium
venenatum, a fungus found in a garden in Marlow, Buck-
inghamshire in 1967, was eventually used to create fungal
protein.7 Mycoprotein is the nucleic acid-depleted biomass that
increases the mycelium (cells) of F. venenatum in a continuous
fermenter like chemostat or turbidostat. Researchers have
devoted much time to determining if F. venenatum-derived
mycoprotein is safe for consumption. It became clear that
mycoprotein could be consumed without harming human or
murine models when the nucleic acid content of the cells was
reduced to safe levels.8 The ATCC PTA-2684 strain was consid-
ered safe as it could not produce toxic microbial metabolites
because the growth conditions (28 to 30 °C; pH – 6.0) used for
manufacture were inefficient. F. venenatum A3/5 was approved
for trade as food in 1984 by theMinistry of Agriculture, Fisheries
and Food in the United Kingdom.8 A joint venture of two
companies in the United Kingdom, namely RHM (Rank Hovis
of mycoprotein.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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McDougall) and ICI, was solely responsible for the commer-
cialization of mycoprotein.
3. Methods of production

Mycoprotein is produced by fermenting agro-industrial waste
through microbial fermentation processes. Agro-industrial
wastes like seaweed waste,9 date waste,10 soy waste,11 pine-
apple peel waste,12 and pea process byproducts12 can be used to
produce mycoprotein biomass. There are two fermentation
processes for the mass production of mycoprotein: solid-state
fermentation (SSF) and submerged fermentation (SmF);
another method known as the surface culture method can
produce mycoprotein on a laboratory scale. Research studies
Table 1 Production of fungal protein biomass by different fermentation

Cultivation strategies Substrate Microorganisms

Submerged fermentation Ulva sp. Paradendryphiella

Submerged fermentation Apple; spinach; beet Pleurotus sp.

Solid state fermentation Brewer spent grain Pleurotus albidus
Surface culture methods Date juice F. venenatum
Submerged fermentation Sea weed and sea weed

waste
Paradendryphiella

Solid state fermentation Stale bread and brewers'
spent grains

Neurospora interm
Rhizopus oryzae

Fig. 2 Preparation of mycoprotein by solid state fermentation.

© 2024 The Author(s). Published by the Royal Society of Chemistry
aimed to develop mycoprotein employing different fermenta-
tion strategies are listed in Table 1.
3.1. Solid-state fermentation (SSF)

SSF is gaining popularity in the food and pharmaceutical
industry because of the fermentation procedure conducted on
insoluble substrates with minimal presence of liquid medium.
The resulting mycoprotein has a higher PDCAAS, i.e., protein
digestibility-corrected amino acid score than chicken and beef
proteins, making up for the deciency of essential amino acids
in plant protein sources.13 Stoffel et al.14 developed edible
mycoproteins by SSF using moisture-rich brewers' spent grains
and grape waste on a potato dextrose agar (PDA) medium con-
taining common salt solution (pH 6.5), followed by incubation
strategies

Yield Composition References

salina 561.3 g kg−1 Protein: 48%; bre: 3%;
carbohydrate: 20%

9

250 g kg−1 Protein: 21%; bre: 4%;
carbohydrate: 74%

28

125 g kg−1 Protein: 23%; bre: 34% 14
5.46 g L−1 — 29

salina 564 g kg−1 Protein: 48%; fat: 2%;
carbohydrate: 2%; ber: 3%

54

edia and 125 g kg−1 Protein: 46.7%; fat: 4.4%;
carbohydrate: 42%

30

Sustainable Food Technol., 2024, 2, 81–91 | 83
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(at 28 °C for 15 days). Pleurotus albidus cultivation generated
more mycelial biomass (250 g/2 kg) than Agaricus blazei (212 g/2
kg) and Auricularia fuscosuccinea (56 g/2 kg) biomasses,
respectively. Furthermore, as compared to the control and other
strains, Pleurotus albidus biomass had greater protein content
(23% w/w), total amino acids (8% w/w), and dietary bers (34%
w/w).6

The SSF method for mycoprotein synthesis consists of many
successive phases, each contributing to the nal protein-rich
output (Fig. 2). Preparing the solid substrate requires the
precise amalgamation of various raw materials.15 This concoc-
tion serves the dual function of creating an environment rich in
nutrients suitable for fungal growth while preserving the
substrate's structural integrity. Elements such as wheat, barley,
oats, and other cereal grains are commonly used in this
substrate formulation. Following that, the chosen fungus
strain, usually of the Fusarium genus, is injected into the
substrate. Inoculation plays a signicant role in the develop-
ment of fungal spores or mycelium. Subsequent incubation is
carried out in a regulated environment in a bioreactor.16 Critical
parameters such as temperature, humidity, and aeration are
carefully managed throughout this phase to optimize fungal
growth and subsequent protein synthesis. As the fungal
biomass grows, it takes advantage of the available nutrients in
the substrate, triggering a sequence of metabolic processes.
This metabolic process for producing fungal mycelium
produces mycelial biomass and mycoprotein. The synthesized
mycoprotein is notable for its high concentration of critical
amino acids and protein components.

The fungal biomass, primarily mycoprotein, is extracted from
the solid substrate at an opportune juncture, specied by the end
of the incubation time. This extraction method requires the
Fig. 3 Preparation of mycoprotein by submerged fermentation.

84 | Sustainable Food Technol., 2024, 2, 81–91
careful separation of mycoprotein from both the solid substrate
and any remaining fungus spores.15 For this, aer subsequent
cultivation of fungal mycelium, it is dissolved in an organic
solvent like hexane. Then, ltration takes place, followed by
subsequent centrifugation to obtain pure mycoprotein biomass.
The extracted mycoprotein goes through several processing
procedures to improve its sensory properties, nutritional prole,
and overall quality. Texturization, avor improvement, and
shaping are the processing methods used tomimic various meat-
based products. Finally, the processed mycoprotein becomes
a exible component appropriate for incorporating into various
culinary items, including meat replacements.17

3.2. Submerged fermentation (SmF)

Submerged fermentation (SmF) is the process by which micro-
organisms grow (anaerobic/partially anaerobic) and decompose
substrates (i.e., carbohydrates) in the presence of lots of free
water (liquid medium).19 Despite the popularity of SmF in bio-
processing, SSF is becoming the center of attention because of
higher productivity, less water consumption, and less contam-
ination.18 Submerged microbe cultivation is growing microor-
ganisms in a liquid medium containing carbon, nitrogen, and
micronutrients. Submerged cultivation has surpassed fruiting
body cultivation as a technique of producing bioactive mush-
room compounds in the business due to the advantages of easy
and quick management of growing conditions. Furthermore,
air-li bioreactors might be employed in submerged culture,
allowing for further industrial applications.19,20

This process (Fig. 3) is initiated by cultivating a pure culture
of the designated fungal strain, typically Fusarium species, in
a liquid growth medium to generate an inoculum. The ensuing
step involves the formulation of a nutrient-rich fermentation
© 2024 The Author(s). Published by the Royal Society of Chemistry
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medium replete with carbon and nitrogen sources, vitamins,
minerals, and other essential growth constituents.21 Subse-
quently, the prepared inoculum is introduced into the
fermentation medium, serving as the source of fungal biomass
and protein synthesis. The ensuing fermentation stage,
executed within controlled bioreactors or fermentation vessels,
demands precise regulation of environmental parameters
encompassing temperature, pH, oxygen availability, and agita-
tion.22 These conditions are meticulously modulated to opti-
mize fungal proliferation and mycoprotein production. During
the metabolic progression, the fungal cells actively metabolize
the nutrients in the submerged medium, ultimately culmi-
nating in the biosynthesis of biomass enriched with mycopro-
tein. This proteinaceous entity is characterized by a notable
content of essential amino acids, rendering it nutritionally
signicant.23 Notably, the submerged fermentation process is
subjected to rigorous monitoring to gauge parameters such as
biomass concentration, mycoprotein yield, pH stability, and
oxygen sufficiency. Upon reaching the desired level of myco-
protein accumulation, the fermentation is terminated, and the
fungal biomass is isolated from the liquid medium through
methods such as centrifugation or ltration. The harvested
biomass is subjected to additional processing steps to enhance
its textural and sensory attributes.24 The resulting mycoprotein
is then harnessed as a versatile ingredient in diverse food
applications, effectively substituting conventional meat sour-
ces. This comprehensive process underscores the potential of
submerged fermentation as a procient route for mycoprotein
production, albeit with considerations of energy demand due to
the requisite liquid medium and agitation.25
Fig. 4 Preparation of mycoprotein by the surface culture technique.

© 2024 The Author(s). Published by the Royal Society of Chemistry
The Quorn (submerged) fermenters, the largest continuous
ow culture systems in biotechnology, use air-li technology,
distinct from conventional stirred-tank bioreactors. This design
benets mycelial production with low shear, fostering lengthy
hyphal development vital for replicating meat-like textures. Air-
li fermenters require less energy than stirred tanks, efficiently
mixing with a smaller energy footprint. These fermenters
introduce sterile air bubbles to achieve oxygen saturation and
medium mixing, contrasting mechanical impellers. Oxygen
transfer primarily occurs near the riser's base due to hydrostatic
pressure and pumped air turbulence, optimizing gaseous-liquid
oxygen transfer. Air and culture coalesce in the riser, forming
amilieu where air comprises up to 50% of the volume, gradually
decreasing as the riser ascends. The upper riser's low pressure
releases unused gases. Oxygen-depleted culture reoxygenates in
the downcomer to prevent cell death. The cycle concludes as the
reoxygenated culture re-enters the riser.19
3.3. Surface culture method (SCM)

Like the SSF and SmF, mycoprotein can also be cultivated using
the SCM. However, establishing this system on a bigger scale is
expensive and not economical, like SSF and SmF. In a study by
Prakash et al.,26 they made Fusarium venenatum grow well,
producing 4.9 g of biomass per liter in just 3 days. Optimal
mycoprotein production requires 20 g L−1 date juice, 4.48 g L−1

nitrogen, and 12.97% seed size, yielding 46 to 48% protein in
dried cells. Heat treatment at 65 °C for 30 min reduces single-
stranded nucleic acid levels for safe food-grade use.26 This
method involves cultivating fungal strains on solid substrates
like pea processing byproducts (PpB).27 Controlled environ-
mental conditions support fungal growth and mycoprotein
Sustainable Food Technol., 2024, 2, 81–91 | 85
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production. In this process (Fig. 4), inoculation is carried out by
the spreading method, and fungal biomass is grown on the
surface of the matrix. Aer that, ltration takes place, followed
by centrifugation to obtain mycoprotein biomass.
4. Nutritional status

Due to its relatively high protein value, increased ber and
reduced saturated fatty acid content, mycoprotein is essential
for a healthy diet. Mycoprotein may provide several nutritional
advantages, including improving satiety and controlling blood
sugar and cholesterol levels, according to experimental studies.6

Mycoprotein must be of high protein quality if it is to be used in
foods that are the main course of a meal. All of the necessary
amino acids are present in mycoprotein. The ideal protein
bioavailability-assessed amino acid level is 0.996, indicating
that the protein was produced using the best ileostomy tech-
niques and is of high quality.31 Mycoprotein contains 6 g of ber
per 100 g, which implies that it is “rich in ber,” according to
European Commission requirements.32 The natural dietary
ber of mycoprotein comprises 12% soluble and 88% insoluble
bres, with a minor amount of chitin and predominant glucan
(creating a “brous chitin–glucan matrix” in the small intestine
region). Both linear and branched a-glucans from grains and
yeast have been identied to actively participate in physiological
processes related to fat metabolization and boost the immune
system.32 Mycoprotein's energy makeup is about one-third fat
since it contains little readily available carbohydrates. Majorly,
mycoprotein contains less than 1.5 g of saturated long and short
chain fatty acid per 100 g of solid. This fungal protein is rich in
mono- and polyunsaturated fatty acids.33 Mycoprotein contains
several water-soluble B vitamins, including pyridoxine (0.1 mg),
folate (114 mg), and cobalamin (0.72 mg).34 According to nutrient
claims made by the European Commission, fungal protein is
a potent source of various mineral components, including zinc,
phosphorus, calcium, iron, potassium, and many more.34
5. Safety assessment

As approved by the US Food and Drug Administration in 2001,
mycoprotein is considered safe (GRAS) for food consumption,
excluding poultry and meat products. Despite mycoprotein
being a potential allergen, the company named Quorn® (largest
producer), Marlow Foods, UK is selling fungi-based meat
alternatives operating in 20 different countries.35 Mycoprotein
foods aren't advised for children under three because of the
high energy demands for quickly growing newborns, relatively
low energy value, and increased ber content.7,32
6. Health benefits of mycoprotein
intake

Intake of mycoprotein increases due to its healthy nutritional
prole;29 for example, consumption of mycoprotein helps to
reduce the blood glucose level and modies the secretion of
gastric juices and motility of intestinal cells.36 Different studies
86 | Sustainable Food Technol., 2024, 2, 81–91
prove that the consumption and intake of mycoprotein help
regulate the blood cholesterol level. As a result, it decreases the
chance of coronary and cardiovascular diseases,37 enhances the
growth of good muscles, and reduces individuals' energy
intake.38 All the health benets are summarized in Fig. 5.

6.1. Resistance response to glucose and insulin

The effects of mycoprotein ingestion on postprandial (aer
lunch or dinner period) glucose and insulin responses in
healthy, lean, overweight, and obese individuals have been
studied in a few clinical trials.38,39 The results of three distinct
mycoprotein meal doses (44, 88, and 132 g) using matching
chicken meals, blood insulin, and glucose levels were measured
at various periods in overweight and obese people. Mycoprotein
meals (44, 88, and 132 g) were found to have a signicantly
lower blood insulin incremental area under the curve (iAUC)
(the area under the curve is produced from the oral glucose
tolerance test, which is frequently used to diagnose impaired
glucose tolerance).6 The incremental area under the curve is
developed because of variations in baseline blood glucose. It
essentially provides information on the glycemic index of foods,
which indicates how much blood glucose is raised (aer
consuming any dish) at the rst 60 min aer consumption
compared to matched-chicken meals, indicating that myco-
protein decreased the insulinogenic index (the ratio of insulin
concentration at 30 min minus fasting insulin to the difference
of glucose simultaneously) and increased peripheral sensitivity
to insulin. However, consumption of chicken meals or myco-
protein did not cause appreciable variations in blood glucose
levels at any dose. Due to the inherent properties of mycopro-
tein (such as protein, ber, and hyphae composition), the
process at play may result from the conversion of chitin to
chitosan by alkaline deacetylation, which may cause a delay in
gastric emptying. A recent double-blind, randomized, crossover
trial was conducted by Coelho et al.40 to assess the participants'
blood sugar levels, postprandial uric acid concentrations, and
insulin sensitivity following consumption of diets containing
either low nucleotide condition (L-NC) or high nucleotide
condition (H-NC) mycoprotein diets (8.83%). Blood glucose and
insulin concentrations increased aer 30 minutes of L-NC or H-
NC mycoprotein meal consumption, but not at the baseline.

6.2. Improvement in lipid proling

It has been shown that mycoprotein-rich diets lower lipid
biomarker levels in obese and overweight individuals.38,39

Animal proteins are a necessary component of controlled diets
and a macronutrient-balanced diet. A diet rich in mycoproteins
is for people in good health. Following the intervention, plasma
levels decreased statistically signicantly. Very low-density
lipoprotein (VLDL) (8.36%) and intermediate-density lipopro-
tein (14.47%) were both lower in the mycoprotein group than in
the control group. Additionally, there was a signicant decrease
in omega-3 fatty acids (17.26%) and docosahexaenoic acid
(17.53%) compared to typical diets. The fasting blood glucose,
serum interleukin-6 (anti-inammatory), and uric acid
concentrations did not signicantly change throughout the trial
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Health benefits of mycoprotein consumption.
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despite the inclusion of the mycoprotein as well as sh or
animal protein meals. Using the Triton X-100-induced hyper-
lipidemic (increased levels of lipids in the blood) rat model,
Thomas et al.41 reported the anti-hyperlipidemic and anti-
microbial activities of the mycoprotein. They discovered that
intake of a mycoprotein diet signicantly decreased the plasma
levels of total cholesterol (TC) (44%), triglycerides (38%), LDL
(33%), and VLDL (24%) compared with the control (Triton X-
100). In a previous study, Ruxton and McMillan (2010) exam-
ined the effects of a mycoprotein diet (88 g) on total cholesterol
(TC) in healthy, independent adults (aged 17 to 58). They
discovered that aer six weeks of dietary intervention, the level
of TC was signicantly lower than for the control group (from
5.28 to 3.24 mmol L−1 to 4.70 to 4.38 mmol L−1). Additionally,
a decrease in TC was seen in the mycoprotein diet group (14–
19%) compared to the control group (3–11%) in those who had
higher baseline levels, indicating that including mycoprotein in
daily diets may be helpful for the management of blood
© 2024 The Author(s). Published by the Royal Society of Chemistry
cholesterol levels in obese and overweight subjects with type 2
diabetes mellitus (T2DM) and non-alcoholic fatty liver disease
(metabolic dysfunction associated fatty liver diseases).42
6.3. Synthesis of muscle proteins

Compared to plant-based protein sources, animal-based protein
consumption is linked to a higher rate of muscle protein
synthesis.43 The anabolic potential of soy and wheat protein
sources, which are relatively low in essential amino acids like
lysine, has drawn much attention.44 According to Finnigan
et al.,33 mycoprotein is a distinctive fungus protein with a high
PDCAAS (protein digestibility corrected amino acid score) value,
a large number of EAAs (45% of total protein), and a compara-
tively high amount of leucine (approximately 6% of total
protein). Recent research has demonstrated that mycoprotein
ingestion signicantly increases the postprandial bioavailability
of branched-chain amino acids (BCAAs) and muscle protein
synthesis in young men.39
Sustainable Food Technol., 2024, 2, 81–91 | 87
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6.4. Calorie consumption and appetite control

In many nations, people regularly take mycoprotein as part of
their diets since it is a high source of dietary ber (2/3 beta-
glucan and 1/3 chitin).33,45 According to Cherta-Murillo
et al.,36 consumption of mycoprotein has been shown to
affect total energy expenditure. It may positively affect appetite
control, particularly by regulating metabolic hormones like
ghrelin (hunger hormone), glucagon-like peptide-1 (GLP-1)
(potentiator of insulin secretion in the beta cell), leptin
(regulation of adipose tissue mass), and peptide tyrosine (PYY)
(inhibits gastric motility and increases water and electrolyte
absorption in the colon). In a study conducted by Bottin
et al.,38 healthy and obese adults were given low (21 g),
medium (27 g), or high (32 g) isocaloric (same calorie) meals to
see how they affected their energy intake. They discovered that
the high mycoprotein meals signicantly reduced their energy
intake (616 kcal) in the 32 g group compared to the control
chicken meal (676 kcal).

6.5. Antioxidant activity

Mycoprotein also has good antioxidant activity and free radical
scavenging activity as mycoproteins produced by various
microorganisms contain different metabolites such as avo-
noids, hexadecane, and phenolic compounds.12

7. Environmental impacts of
mycoprotein

The estimated global warming potential of mycoprotein is 5.55–
6.15 kg CO2 eq. per kg of fungal product.27 Comparatively, the
global warming potential of chicken and pork is 2–4 and 4–6 kg
CO2 eq. per kg of meat, respectively. Mycoprotein performed
poorly compared to other proteins regarding the environmental
impact when considering caloric energy value and the amount
of digested proteins. The energy, land, and water utilized in the
manufacturing of meat substitutes have been reported by
Smetana et al.46 When comparing the amount of land (2 m2

a kg−1 with 5–7 m2 a for chicken and 7–8 m2 a for pig) and water
(500 L kg−1), mycoprotein ranks among the most efficient
options. Mycoprotein was as energy-efficient as dairy substi-
tutes (15–20 kW h kg−1), although it was less so than vegetables
and insects (less than 10 kW h kg−1 and 5–15 kW h kg−1,
respectively). It is more effective and environmentally friendly
than animal protein, it uses less water and land resources, and
the carbon footprint is 10 times and 4 times lower for products
than beef and chicken, respectively. Beef and chicken have
water footprints that are 20 times and 6 times larger than that of
mycoproteins, respectively. Since 2012, The Carbon Trust has
certied that mycoprotein's carbon footprint is lower than that
of other sources of proteins.47

8. Limitations

Although the consumption of mycoprotein is of immense
importance, it has some drawbacks too. Mycoprotein's protein
content is lower than that of other animal sources. The entire
88 | Sustainable Food Technol., 2024, 2, 81–91
production cost is higher than the cost of conventional meat
production. It also requires advanced technologies. It can cause
different adverse effects, including nausea, vomiting, diarrhea,
and hives. Although it has GRAS status, it can be toxic (subacute
or chronic) (as it is a microscopic fungal source) and also
contains allergenic substances.

9. Future prospects

Compared to animal proteins, mycoprotein uses limited
resources, including water, and emits fewer greenhouse
emissions like carbon dioxide and nitrogen dioxide than
commercial animal protein manufacturing.48 Foods made
from plants are less hazardous to the environment. As a result,
even though certain concepts are not consistently mirrored
across all countries, they are becoming increasingly popular
and progressively being incorporated into the FBDG.49 Vegan
diets have been associated with reduced total cholesterol
levels than meat, sh, and vegetarian diets, potentially due to
modications to diets.50 There are still some misconceptions,
however, with some nutritionists mistaking fungal protein for
“plant-based” protein, which is inaccurate as this is mainly
obtained from fungal sources.51 Fungal biotechnological
approaches can also transform potential organic substances
into nutrient-dense food proteins, which could aid in
resolving some of the most critical problems facing the world
today.52 The need to further study how we may use biodiversity
as a source of sustainable and healthful protein has never
been greater in history, despite the fact that humans have long
used biodiversity. The relevance of protein diversity in
contemporary diets is highlighted by the rapid emergence of
novel protein components, mainly from plants and fungi,
despite the long-standing dominance of wheat and soy
proteins in the protein trade.53 Given these factors, it is time to
produce dietary protein from fungus, which contains myce-
lium mycoprotein and has been shown to affect both
consumers' health and the environment positively.45

10. Conclusions

Replacing meat with meat substitutes might positively affect
both societal and personal arenas. A unique alternative protein
source called mycoprotein has a high level of commercial
acceptance. Eating it might be great for people who don't eat
meat. Due to its low fat, calories, bres, and protein levels, it's
a fantastic resource of dietary peptides and proteins. Numerous
studies have shown that ingesting mycoprotein has various
positive health effects, such as maintaining muscle, lowering
low-density lipoprotein cholesterol, and controlling blood
glucose and insulin levels. As the cost of protein source is high,
it limits commercial use in developing economies, and the raw
resources needed to produce it have a more signicant ecolog-
ical impact than other plant-based substitutes. To address these
issues, innovative production techniques must be given top
priority, including submerged and solid-state fermentation and
the use of agricultural and food waste as a substrate for its
production.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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