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Abstract
Purpose of Review Global concerns about population growth, economic, and nutritional transitions and health have led to 
the search for a low-cost protein alternative to animal origins. This review provides an overview of the viability of exploring 
mushroom protein as a future protein alternative considering the nutritional value, quality, digestibility, and biological benefits.
Recent Findings Plant proteins are commonly used as alternatives to animal proteins, but the majority of them are low in 
quality due to a lack of one or more essential amino acids. Edible mushroom proteins usually have a complete essential 
amino acid profile, meet dietary requirements, and provide economic advantages over animal and plant sources. Mushroom 
proteins may provide health advantages by eliciting antioxidant, antitumor, angiotensin-converting enzyme (ACE), inhibi-
tory and antimicrobial properties over animal proteins. Protein concentrates, hydrolysates, and peptides from mushrooms 
are being used to improve human health. Also, edible mushrooms can be used to fortify traditional food to increase protein 
value and functional qualities. These characteristics highlight mushroom proteins as inexpensive, high-quality proteins that 
can be used as a meat alternative, as pharmaceuticals, and as treatments to alleviate malnutrition.
Summary Edible mushroom proteins are high in quality, low in cost, widely available, and meet environmental and social 
requirements, making them suitable as sustainable alternative proteins.

Keywords Edible mushrooms · Alternative protein · Protein quality · Bioactive proteins

Introduction

Protein has long been regarded as an essential component of 
the health of man. In addition to being a source of energy, 
protein serves a variety of vital activities in biological tis-
sues, hormones, or enzymes [1]. Human sources of proteins 
are mostly derived from animal products such as red and 
processed meat. Animal proteins are generally considered 
complete proteins because they contain all nine essential 
amino acids, but their production is incredibly expensive [2]. 

In addition, livestock occupies around one-third of all land 
on the earth. Meat production also contributes significant 
greenhouse gas emissions (about 14% of all human-caused 
greenhouse gas emissions), which has a significant envi-
ronmental impact. Moreover, red and processed meat has 
been linked to a variety of human health problems, includ-
ing heart disease and colon cancer [3]. In resolving these 
problems, plant-based proteins have gained popularity as an 
alternative to animal proteins in recent decades. This is due 
to the low cost of production, abundant supply, and presence 
of bioactive and phytochemical compounds in plant-based 
proteins [4•]. However, plant proteins are deficient in one or 
more essential amino acids; thus, plant-based proteins can-
not be considered complete proteins [4•]. For instance, cere-
als contain low values of lysine, and legumes are deficient 
in sulfur amino acids (e.g., methionine and cysteine) [4•].

Recently, edible mushrooms are being recognized as 
safe sources of high-quality proteins owing to low fat, high 
fiber, and functional ingredients such as phenolics (Fig. 1). 
Mushrooms contain a high amount of protein content with an 
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average value of 23.80 g/100 g dry weight (DW). Mushroom 
proteins have lately gained acceptance in the food industry 
in view of their high nutritional value and complete essen-
tial amino acids [5–7]. When compared to animal and plant 
sources, mushroom proteins normally have a complete essen-
tial amino acid profile, meeting dietary requirements while 
having certain economic advantages. Several mushrooms can 
also grow in agro-industrial waste and produce high yields in 
a short time. Furthermore, mushroom proteins have a high 
branched-chain amino acid (BCAA) content, which is mostly 
found only in animal-based protein sources [8••]. Again, 
mushroom proteins have high thermal and pH stability and 
their digestibility of ranges from 60 to 70% [9]. However, the 
phenolics, phytates, and tannins found in mushrooms have 
been shown to inhibit digestive enzymes; amylase, pepsin, and 
pancreatin, while the high fiber content of mushrooms may 
cause some reducing sugars to be released during digestion, 
resulting in a Maillard reaction and a decrease in assimilable 
lysine, methionine, and tryptophan. The lipids that remain 
may also oxidize, leading to rancidity [10]. Fortunately, pro-
tein digestibility can be improved by removing the above-
mentioned food components through processing [9]. It is 
worth noting that mushroom fruiting bodies are commonly 
consumed as a source of protein, which may provide a sub-
stantial portion of amino acids for body functioning as well 
as fermentable substrates to stimulate the microbiota for host 
health benefits [11], indicating the ability of both processed 
and unprocessed mushroom proteins to positively influence 
human health. Current studies have discovered that mushroom 
protein concentrates, hydrolysates, and peptides have potent 
angiotensin-converting enzyme (ACE) inhibitory, antioxi-
dant, antimicrobial, anticancer, antiviral, and gut microbiota 

modulation properties [8••, 11]. Moreover, there are other 
bioactive proteins found in mushrooms include lectins, fungal 
immunomodulatory proteins (FIP), ribosome-inactivating pro-
teins (RIP), antimicrobial/antifungal proteins, ribonucleases, 
and laccases [12]. Notably, these point to mushrooms as a via-
ble source of bioactive proteins alternative to animal sources. 
However, because there are thousands of different kinds of 
mushrooms, the best mushroom species in terms of high pro-
tein quantity and quality are sought after by food industries for 
effective utilization.

Increased production of high-quantity and quality pro-
tein is required to meet the growing demand resulting from 
global population growth, economic and nutritional transi-
tions, and health concerns [13]. It has been predicted that 
by 2050, the global population will be surpassed 9 billion, 
implying a rise in food consumption. According to the Food 
and Agriculture Organization (FAO), agricultural production 
will have to expand by 70% to fulfill demand [14]. Subse-
quently, global protein demand will rise, and in the absence 
of alternative sources, environmental resources will be under 
intense pressure. As a result, an alternative protein source, 
such as edible mushrooms, that can provide high-quality pro-
tein at a low cost, faster, and with little to no negative envi-
ronmental impact, would be much preferred. This review 
aims to reveal the feasibility of using mushroom protein as 
an alternative protein to conventional protein sources, tak-
ing into account important factors such as protein quality, 
digestibility, and biological benefits. Because there is lit-
tle available literature on the use of mushroom protein for 
future protein sources, this review may be especially useful 
in uncovering the importance of using this underutilized 
source of protein to combat malnutrition, as a meat substi-
tute, and as a pharmaceutical compound.

Methods

To find relevant articles, we searched Google Scholar, Pub-
Med, and Scopus using the terms “edible mushroom” OR 
“edible mushroom protein” with the filters “protein quality,” 
“protein digestibility,” and “biological functions” alone or 
in any combination. Several articles that were pertinent to 
the main subject were used, with the majority of them being 
those that were released in English between 2020 and 2022. 
Only very relevant earlier articles were added. Research on 
inedible mushrooms was not included.

Nutritional Value of Edible Mushroom Proteins

Mushrooms must be available as a high-protein sources 
before they can be considered an acceptable alternative pro-
tein source. In 2018 alone, about 9 million tons of cultivated 
mushrooms were produced worldwide according to data 

Fig. 1  Mushrooms as safe sources of quality proteins and functional 
ingredients [108]
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from the United Nations’ Food and Agriculture Organization 
[15]. The most common farmed species are Agaricus bispo-
rus (white button mushroom), Lentinula edodes (shiitake), 
Pleurotus ostreatus (oyster mushroom), and Flammulina 
Velutipes (golden needle mushroom). Agaricus bisporus 
is the most extensively consumed fungus in the world, fol-
lowed by Pleurotus spp. and Lentinus edodes [9]. Several 
other edible mushrooms with high protein values are also 
cultivated worldwide. The human body requires a significant 
amount of protein for growth and maintenance as regards 
physiological functions, such as the vital performance of 
hormones and enzymes [8••]. Though the protein value of 
mushrooms varies depending on species and strains, matura-
tion stage, the substrate used for cultivation, and other envi-
ronmental factors, mushrooms provide significant protein at 
a lower cost than plant and animal sources [16].

Protein value is requisite since protein accounts for 
around 17% of total calorie consumption [13]. Many 
reports unveiled that crude protein is particularly found 
in high levels in mushrooms. Protein content in edible 
mushrooms ranged from 6.60 to 36.87 g/100 with an aver-
age value of 23.80 g/100 g dry weight [17] as shown in 

Table 1. Tricholoma exhibited the highest value of pro-
tein, while Laetiporus sulphureus and Polyporus dictyo-
pus showed the lowest content [5]. Popular edible mush-
room species such as Lentinus edodes, Agaricus spp., and 
Pleurotus spp. contained 14.87 to 27.13% [18], 26.60 to 
39.84% [6], and 18 to 19.15 g/100 of protein [19], respec-
tively. Crude protein ranged from 6.60 to 30.69 g/100 g 
among mushrooms obtained from the Kilum-Ijim forest in 
Cameroon [7]. Lentinus squarrosulus powder presented an 
excellent protein value of 30.12 g/100 g [11]. Even though 
the whole fruiting body of a mushroom is commonly con-
sumed, it is interesting to note that different parts of the 
mushroom present different protein values. Nutritional 
analysis of growing mushrooms in South Africa revealed 
protein values ranging between 18% (L. deliciosus) to 
37.0% (B. edulis), with the pileus having richer protein 
[20]. Lentinus crinitus comprised a protein value of 14.4% 
(pileus) and 9.5% (stipe) [21]. The data show that edible 
mushrooms have high protein levels, but this varies by 
species and morphology (pileus or stipe). Despite these 
influences, some edible mushrooms are noted to have a 
higher protein value than vegetables, fruits, and grains [5].

Table 1  Nutritional values of 
some edible mushrooms

Mushroom Protein, g/100 g Reference

Tricholoma 36.87 [5]
Copyinds comatus (MUII. Fr) Gray 30.90
Volvariella volvacea (Bull.: Fr.) Sing. 28.10
Russula vinosa Lindblad 27.26
Agaricus blazei Murrill 26.60
Morchella esculenta 25.85
Cordyceps militaris 25.56
Agrocybe aegerita 24.79
Boletus 23.99
Lentinus edodes (Berk.) Sing 23.26
Pleurotus eryngii 19.15
Dictyophora indusiate (Vent.ex Pers) 18.25
Polyporus tenuiculus 10.89 [7]
Termitomyces striatus 21.76
Termitomyces macrocarpus 30.69
Auricularia polytricha 17.44
Laetiporus sulphureus 8.62
Termitomyces sp.1 28.24
Termitomyces sp.2 21.26
Polyporus dictyopus 6.60
Boletus edulis Pileus (37.0%), stipe (21.3%) [20]
Boletus mirabilis Pileus (33.0%), stipe (27.4%)
Lactarius deliciosus Pileus (20.8%), stipe (18.0%)
P. ostreatus 18.08% [19]
A. bisporus 29.64 to 39.84% [6]
L. edodes 14.80 to 27.13% [18]
L. squarrosulus 30.12 g/100 g [11]
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The nutritional value of mushroom protein is determined 
not only by its quantity but also by its ability to meet dietary 
requirements; recommended dietary allowance (RDA) and 
protein efficiency ratio (PER). Based on the data presented 
in Table 1 (reports within 2020–2022), species of Tricho-
loma, Copyinds, Volvariella, Termitomyces, Lentinus, and 
Agaricus exhibited high protein value (25–40%). Notably, 
100 g of mushrooms can provide between 29.41 and 66.0% 
of the RDA for men and between 35.80 and 80.35% of the 
RDA for women, whereas beef jerky and whole milk can 
provide between 47.0 and 59.28% for men and between 
57.22 and 67.75% for women [8••]. According to USDA 
data [22] and a review report [8••], P. ostreatus (black oys-
ter) showed the highest protein efficiency ratio (PER) of any 
mushroom, surpassing beef jerky. A. bisporus (Portobello) 
and A. brasilensis also outperformed jerky in terms of PER. 
A. bisporus (Champignon) had a PER comparable to lentils, 
Pleurotus djamor, Pleurotus eryngii, and Pleurotus ostrea-
tus (white oyster) displayed PER similar to black beans, and 
Flammulina velutipes and L. edodes had the lowest PER of 
the mushrooms, equivalent to whole milk. It is important to 
point out that a lack of information in the literature limits 
the realization of RDA and PER of other high-protein mush-
rooms. Meanwhile, the information presented indicates that 
mushroom species such as Agaricus and Pleurotus appear 
to have good protein value and PER.

The protein value of animal sources (on a dry basis) is 
27% for milk, 53% for eggs, 37–83% for meat, and 58–90% 
for fish and crustaceans. Proteins are found in legumes at 
22–40%, cereals at 8–18%, nuts at 4–20%, other seeds at 
18–32%, and tubers at less than 10% [13]. Some edible 
mushrooms can provide protein values that are higher than 
or comparable to animal sources such as milk, egg, meat, 
and fish, as well as the highest plant-based protein sources. 
Thus, edible mushrooms are an excellent source of high-
quality protein that can be produced more easily, more 
cheaply, and with less impact on the environment [8••]. 
Edible mushrooms as a protein source offer an appealing 
alternative to animal and other plant protein sources.

Quality of Mushroom Protein

Mushroom proteins have attracted more attention in recent 
times beside the lower production costs and environmental 
issues over animal and other plant proteins and pose some 
unique qualities that make them suitable alternative pro-
tein sources in the future. The ability to provide essential 
amino acids for growth and bodily functions is the essence 
of mushroom quality [23]. Several protein-containing food 
scoring systems have been developed to effectively compare 
the quality of protein foods.

Extensive review reports on strategies for scoring protein-
containing foods have lately been published [8••, 13]; hence,  
this section will focus on some commonly used methods. 
The Essential Amino Acid Score (EAAS), also known as 
the chemical score, compares the proportion of each essen-
tial amino acid in a test protein to a reference standard that 
contains all of the essential amino acids in the appropriate 
quantities to meet the demands, according to the WHO/FAO/
UNU reference [8••, 24]. On the report of González et al., 
A. bisporus, P. djamor, P. ostreatus, and Lentinus edodes 
recorded EAA scores > 1.0, which met EAA requirements, 
whereas Agaricus brasilensis, Pleurotus eryngii, Pleurotus 
ostreatus, and Flammulina velutipes had EAA scores less 
than 1.0 due to limiting in some individual amino acids 
such as isoleucine and valine, leucine, leucine, and leucine, 
respectively. Even though these values vary greatly among 
mushrooms, they indicate that mushrooms can provide a 
high amount of quality protein, particularly Agaricus spp., 
Pleurotus spp. and Letinus edodes. Moreover, Pleurotus 
citrinopileatus, Pleurotus geesteranus, Pleurotus eryngii, 
Oudemansiella raphanipes, Pholiota adiposa, and Heri-
cium erinaceus were shown to have a complete range of 
amino acids and Amino Acid Scores comparable to the 
WHO standard [25]. Lentinula edodes strains, particularly 
the strain named Shenxiang 18, exhibited good amino acid 
profile and protein quality [26]. The quality of the amino 
acid profile is determined by the combination of free and 
bound amino acids (AA). Hericium erinaceus, P. cystidio-
sus, P. eryngi, and P. sajor-caju had the highest levels of 
essential free and bound AAs and chemical scores for iso-
leucine, tryptophan, and phenylalanine. The free proportion 
of used mushrooms had isoleucine (Ile) levels equivalent 
to or more than the best five plant sources, whereas trypto-
phan (Trp) levels were nearly double [27]. Leucine, valine, 
and glutamic acid were the three most prevalent essential 
amino acids (EAA) in P. colossus. Other EAA included 
lysine, phenylalanine, histidine, tryptophan, and methionine 
[28]. In another study, six amino acids, aspartic acid, gly-
cine, alanine, proline, histidine, and arginine, were found in 
Cordyceps militaris fruiting bodies [29].

The levels of amino acids, for example, varied among 
Agaricus bisporus from the same source, indicating the 
influence of production conditions. Cooking also resulted 
in 50% losses of glutamic acid, arginine, glycine, serine, 
threonine, proline, and alanine. During canning, however, 
glutamic acid, serine, valine, proline, arginine, glycine, and 
aspartic acid losses were higher (70%) [30]. A study inves-
tigated free amino acid profile changes in raw, sautéed, and 
roasted portobello and shiitake, and certain volatiles from 
mushroom culinary preparation. Cooking methods caused 
a significant free amino acid loss, while mushroom vari-
ety significantly impacted most amino acid contents [31]. 
L. edodes grown on logs had lower levels of amino acids 
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than sawdust [32]. L. edodes fruiting body extracts revealed 
the presence of 36 essential primary metabolites, including 
amino acids, organic acids, and sugars. A study looked into 
the effects of different packaging on the umami taste and 
aroma of dried Suillus granulatus. The content of l-Aspartic 
acid was significantly lower than that of l-Glutamic acid. 
During storage, the changes in l-Glutamic acid and total 
Monosodium glutamate (MSG)-like amino acids were con-
sistent. After 2, 4, and 6 months of storage, the total content 
of MSG-like amino acids in light-proof packaging (LPP) 
was higher than that in light-transparent packaging (LTP), 
but lower than that in LTP at 8 and 10 months [33]. Indicat-
ing that a variety of factors interact to determine the amino 
acid concentration during storage. Free amino acids play a 
very important role in the presentation of the taste and deli-
ciousness of edible mushrooms. A recent study found that 
the value of EAA/ (EAA + NEAA) among the five types of 
edible fungus studied ranged from 32.20 to 41.87%, and the 
value of EAA/NEAA was 47.48 to 72.03%. EAA/ (EAA + 
NEAA) and EAA/NEAA values were lowest in Lentinus 
edodes but Pleurotus citrinopileatus best fulfilled the opti-
mal protein standard [18]. In all, the above data point to the 
fact that mushroom proteins have a complete essential amino 
acid profile, though the amount varied by variety of fac-
tors such as species, production, and processing conditions, 
but cannot be generalized. This rather determine whether a 
particular mushroom can offer high-quality protein as best 
substitute protein.

Protein digestibility is useful for estimating protein nutri-
tional quality. The amount of protein accessible for absorp-
tion after digestion is determined by how easily peptide link-
ages are hydrolyzed. Protein Digestibility Corrected Amino 
Acid Score (PDCAAS) is one of the earliest methods the 
Food and Agriculture Organization and the World Health 
Organization devised to evaluate protein quality. Protein 
digestibility-correlate amino acid score (PDCAAS) assesses 
protein quality by taking into account both human amino 
acid needs and digestive capabilities. PDCAAS values for 
several edible mushroom species and other plant and animal- 
origin foods have been reported. PDCAAS values for mush-
rooms ranged from 0.35 to 0.70 based on in vitro and in vivo 
digestibility studies. Scores for Agaricus brasiliensis, Lenti-
nus edodes, Pleurotus ostreatus, Agaricus macrosporus, and 
Tricholoma terreum were 0.36, 0.38, 0.44, 0.40, and 0.70, 
respectively. Compared to other protein sources some mush-
rooms outperformed oilseeds; 0.48, fruits; 0.64 and cereals; 
0.58 and comparable to tubers; 0.73 and vegetables; 0.74, but 
lower than meat and dairy with a score of 0.94. It should also 
be highlighted that using mushrooms two times the weight of 
meat and dairy could result in a score equivalent to or higher 
than these animal proteins.

Moreover, the Biological Value (BV) of protein is the 
percentage of amino acids ingested by the intestines that the 

body retains. The amount of nitrogen consumed and excreted 
is used for the calculation. First, the required nitrogen losses 
in the urine and feces must be estimated, which necessitates 
giving nitrogen-free diets [8••]. The BV score of mushrooms 
(80) is at par with milk (100) and meat (80–85), and higher 
than cereal (40–45) and legume (50–55) [34]. The excellent 
digestion justifies the use of mushroom protein as an alterna-
tive protein in the future.

Mushroom protein digestion has been studied both 
in vitro and in vivo. The digestibility of mushroom pro-
tein can be altered by a variety of factors, including anti-
nutritional factors (phenolics, phytates and tannins, trypsin 
inhibitors and hemagglutinins). This content, however, is 
below the WHO toxicity level and poses no risk to humans 
[8••]. Few works have reported the digestibility of processed 
and unprocessed mushroom proteins, particularly in the last 
3 years. Protein concentrate was produced from Pleurotus 
ostreatus [9]. When Pleurotus mushrooms with 18.3% pro-
tein were digested in vitro with trypsin, the digestibility was 
68.2% [35]. INFOGEST in vitro digestion (which simulates 
oral, gastric, and intestinal conditions) revealed that the con-
centrate digested greatly than mushroom flour. After gastric 
digestion, the hydrolysis degree (HD) of the mushroom flour 
and the protein concentrate were 16.5% and 20.3%, respec-
tively. The HD of the protein concentrate increased the 
most when it transitioned from the gastric to the intestinal 
phase, rising to an HD of 76.2 ± 1.3%, whereas mushroom 
flour only reached an HD of 23.5 ± 4.6%. Several proteo-
lytic enzymes are secreted during intestinal digestion, and 
it is most likely that these enzymes in the pancreatin com-
pletely digest the proteins from the concentrate into smaller 
peptides. It was also found that [36], cooking and canning 
reduced the number of amino acids present, but in vitro, gas-
tric and intestinal digestion increased the overall amino acid 
concentration and allowed the detection of two new amino 
acids (arginine and methionine). The majority of the amino 
acids were released during the intestinal phase of in vitro 
digestion. Mushrooms provide enough amino acids per gram 
of protein that meet the majority of FAO amino acid pat-
terns for adults after in vitro digestion. Overall, mushroom 
protein digestibility is excellent, supporting PDAAS and BV 
ratings. This makes edible mushrooms an important part of 
human nutrition.

The Biological Role of Mushroom Proteins 
in Human Diet

Conventionally, mushrooms have been consumed as a source 
of protein as part of a meal and as an ingredient in food prep-
arations. In both ways, the digestibility of the mushroom 
protein fraction is vital in terms of impacting host physiol-
ogy and health. High digestion of protein is paramount in 
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releasing amino acids to support host physiology. Concur-
rently, unhydrolyzed protein may improve health by stim-
ulating the gut microbiota as revealed in previous studies. 
Ayimbila et al. found that simulated gastro-intestinal diges-
tion of L. squarrosulus powder resulted in 58.59% of its pro-
tein hydrolyzed in gastric condition and only reached 59.59% 
after hydrolysis in intestinal condition [11]. Protein profile 
and digestibility of G. lingzhi (GZ) and G. lucidum (GL)-
Madrid mushroom proteins in simulated gastric fluid dif-
fer significantly. GL and GZ contain some proteins that are 
totally or partially resistant to simulated gastric fluid [37]. 
Partially hydrolyzed protein components in the mushroom 
are fermentable by gut microbes to release branch-chain fatty 
acids to enhance host health [11]. Dietary fiber in the afore-
mentioned mushrooms may have reduced protein digestibil-
ity by obstructing enzymatic diffusion and limiting protein 
hydrolysis. This renders mushrooms suitable for consumption 
as part of a regular diet in typical food matrixes [38]. Edible 
mushrooms have recently been used for food fortification or 
enrichment. According to the Codex General Principles for 
the Addition of Essential Nutrients to Foods, “fortification” 
is defined as the addition of one or more essential nutrients 
to a food product, whether or not that nutrient is typically 
present in the food. Fortification helps to prevent, reduce, 
and control micronutrient deficiencies [8••]. Incorporat-
ing mushrooms into food products boosts nutritional value, 
particularly protein, as evidenced by the following studies. 
The addition of L. edodes (5–15%) and A. auricula (15%) 
increased the protein content of sorghum biscuits. However, 
the protein content of T. fuciformis inclusion was compara-
ble to that of control biscuits. Proteins in biscuits had major 
bands with molecular weights ranging from 18 to 28 kDa 
before hydrolysis. After in vitro digestion, L. edodes and T. 
fuciformis enrichment increased the soluble protein content 
(small peptide) of sorghum biscuits. The protein profile of 
15% T. fuciformis contained a small band at 12 kDa, indi-
cating an increase in the small Mw protein fractions after 
in vitro digestion [39]. By adding 5% A. bisporus flour to 
beef patties, the protein content increased significantly, along 
with an increase in dietary fiber and a decrease in fat and 
sodium [40]. Also, cakes fortified with 10% to 15% Agari-
cus bisporus powder increased protein and were found to be 
the most satisfying [41]. According to a study, adding 15% 
shiitake powder increased the protein content of noodles. 
Noodles (15.64 ± 0.12%) with shiitake cap powder had a 
higher protein content than noodles (14.44 ± 0.02%) with 
stem powder and noodles (15.23 ± 0.06%) with whole shii-
take powder compared to the control (13.35 ± 0.06%) [42]. 
Kolawole et al. indicated that with the addition of 30% sclero-
tium flour to Orange Fleshed Sweet Potato (OFSP) and scle-
rotium of Pleurotus tubberegium blended cookies (OFSP) 
flour, the protein and fiber contents of the cookies increased 
by approximately 95% while ash content increased by 62% 

[43]. Pleurotus ostreatus mushroom enriched noodles (MFN) 
had greater protein, fiber, iron, calcium, and potassium con-
tent. Mushroom powder supplements of 5%, 8%, and 10% 
increased the protein content (g/100 g) to 14.40, 14.72, and 
16.58, respectively, as opposed to the 12.75 in noodles made 
solely of wheat flour [44]. Indeed, the inclusion of mush-
rooms in food products increase the protein value as well as 
the dietary fiber required to improve health.

Furthermore, food that is nutritious, delicious, and high 
in protein from plants and mushrooms is becoming more 
popular. These meat substitutes satisfy dietary requirements 
and enhance personal well-being. In addition to providing 
dietary protein, lipids and fatty acids, vitamins, fiber, and 
flavor, mushrooms can enhance the organoleptic or sensory 
qualities of processed foods, such as meat substitutes. Mush-
rooms are fibrous, which makes the meat analogues that are 
made from them more chewable. Fusarium graminearu was 
the first edible filamentous fungus to be used in sausages 
and burger patties. The sweetness and umami flavor of fungi 
gives food a taste that is similar to meat and improves palat-
ability [45]. Mushrooms in meat analogues-based products 
provide nutrients and promote the appearance, texture, and 
flavor of the product. To create an extruded mushroom-
based meat substitute with a 35% water content, 15% each of 
Lentinus edodes (LE), Pleurotus ostreatus (PO), and Copri-
nus comatus (CC) and soybean protein isolate were used. 
The textural profiles of the CC derived meat were strikingly 
similar to those of real beef [46]. The products from the LE 
and CC mushrooms, however, had hardness values that were 
most similar to those of beef. Regardless of this, springiness 
of meat analogues and various mushroom species was com-
parable. Thus, the addition of various mushroom species has 
a significant impact on the texture of the meat analogues. 
Also, the textural qualities and antioxidant activity of the 
full fat soy (FFS)-based meat analog were improved by the 
addition of oyster mushrooms [47]. The addition of soy pro-
teins creates a fibrous-structured of meat analog in which the 
oyster mushroom content reduced the expansion ratio and 
enhanced water absorption indices [48]. Therefore, mush-
rooms are an important ingredient in muscle foods because 
of the fibrous structure, which resembles that of meat and 
imparts a distinct umami flavor.

Therapeutic Properties of Edible 
Mushroom Proteins

Mushroom bioactive components are also appealing to 
consumers and food scientists because they can improve 
health and reduce the risk disease. Specifically, after the 
SARS-CoV-2 (COVID-19) pandemic era, people are becom-
ing more interested in using food to improve health (41). 
In terms of human health, red and processed meats have 
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been linked to cardiovascular disease and colon cancer. This 
is because some animal-derived foods contain high levels 
of cholesterol and saturated fat, both of which are harmful 
to the heart. Concerning colon cancer, it is thought to be 
caused by protein fermentation in the distal colon, releas-
ing toxic metabolites such as ammonia, amines, phenols, 
and sulfides [8••]. Long-term high protein diets increase 
the risk of type 2 diabetes (T2DM), obesity, central nervous 
system (CNS) diseases, and cardiovascular disease (CVD) 
by increasing the production of amines, H2S, and ammonia 
in the colon [27]. Contrary, mushroom proteins have been 
linked with medicinal properties, and specific protein prepa-
rations or isolates such as concentrates, hydrolysates, pep-
tides, ageritins, lectins, fungal immunomodulatory proteins 
(FIP), ribosome-inactivating proteins (RIP), antimicrobial/
antifungal proteins, ribonucleases, and laccases [12] have 
been studied. They exert a variety of health benefits such 
as improved digestion, absorption of exogenic nutritional 
constituents, immune function modification to help the host 
defend against pathogen invasions, and suppression of spe-
cific enzyme activity [49].

This occurs as a result of the ability to induce angiotensin- 
converting enzyme (ACE) inhibitory, antioxidant, antimi-
crobial, and anticancer properties (Fig. 2). In Table 2, the 
biological function of these protein fractions from edible 
mushrooms is shown. The production of protein concen-
trates from mushrooms may result in enhanced digestibil-
ity since many of the components that impede digestion 
may have been eliminated. Few studies have been reported 
on the health effects of mushroom protein concentrates 
recently. A Boletus edulis anti-tumor protein (BEAP) with 
a MW of 16.7 KD displayed strong anti-cancer activity 
on A549 (human non-small-cell lung cancer) cells both 
in vitro and in vivo. BEAP cytotoxicity was aided by the 
activation of apoptosis and the arrest of A549 cells in 
the G1 phase of the cell cycle [50]. Likewise, the protein 
extract, PS60 from P. tuber-regium sclerotium was the 
most effective protein extract against the breast cancer 
cell line MDA-MB-23. In MDA-MB-231 cells, PS60 elic-
ited cytotoxic effects that resulted in apoptosis and cell 
cycle arrest at the G1/G0 and S phases [51]. Yet, Pholiota 
nameko protein (PNAP) displayed anti-proliferative and 
apoptosis-inducing effects in a human breast cancer cell 
line (MCF-7). The malignant proliferation of MCF-7 solid 
tumors can be successfully stopped by PNAP, according to 
in vivo tests. This is because PNAP can effectively activate 
the mitochondrial apoptosis and death receptor pathways 
of MCF-7 tumor cells in vivo, causing the cancer cells to 
wither [52]. Protein extracts from Auricularia auricula-
judae were effective as ciprofloxacin and fluconazole 
in inhibiting Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, yeast (Candida albicans), and dermatophytic 

pathogens [53]. Protein extracts from two different mush-
room species (oyster and button) demonstrated significant 
antimicrobial activity against P. aeruginosa and B. subtilis 
[54]. Hence, it would be interesting to exploit mushroom 
protein concentrates to control various diseases and live a 
healthy life.

Protein hydrolysates contain a mixture of polypeptides, 
oligopeptides, and free amino acids that can be produced by 
chemical (using acids or alkalis) or enzymatic (using pro-
teases) methods [55]. By simulating gastrointestinal diges-
tion, protein hydrolysates with neuroprotection made from 
Pleurotus geesteranus proteins showed a good pre-protective 
impact in oxidatively damaged PC12 cells. The hydrolysate 
pre-protection may also change the expression of endog-
enous antioxidant enzymes [56]. Protein hydrolysates with 
varying degrees of hydrolysis were found to have an anti-
oxidative, ACE inhibitory, and antiproliferative properties 
[57]. P. geesteranus protein hydrolysates show neuroprotec-
tive activity in  H2O2-damaged pheochromocytoma (PC12) 
cells by reducing ROS production and increasing antioxidant 
enzymatic system activity [58]. Also, protein hydrolysates 
(MTT) derived from Pleurotus ostreatus exhibited pro-
found antioxidative and ACE inhibitory activities. Besides, 
remarkable antiproliferative properties of MPHs against the 
human cervical carcinoma cell line (HeLa) were shown [57]. 
In other reports, Pleurotus ostreatus protein hydrolysate 
(POPEP-III) induced strengthened serum ALT and AST 
activities, and oxidative liver histological alteration in mice. 
It was reported Pleurotus geesteranus hydrolysates (PGPH) 
induced superior antioxidant and cytoprotective effects [59], 
while Lingzhi protein hydrolysates displayed good antioxi-
dant activity and reduced lipid peroxidation [60].

Fig. 2  Importance of mushroom proteins as bioactive compounds [78•]
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Table 2  Health benefits of some mushroom proteins in human diet and as therapeutic agents

Protein isolates Health benefits Source Features Reference

Peptides ACE inhibitory Lentinula edodes 1265.43 Da
N-terminal: KIGSRSRFDVT

[66]

S. rugosoannulata Peptide mixtures [67]
Agaricus bisporus Peptide mixtures [68]
Ganoderma sinense Peptide mixtures [109]
Grifola frondose (mycelia) Peptide mixtures [69]

Antioxidant Schizophyllum commune MW < 0.65 kDa [74]
Hericium erinaceus MW 0.65 kDa [75]
Agrocybe aegerita Peptide mixtures [76]

Antioxidant and ACE inhibitory Boletus mushroom KBMPHF1 (> 10 kDa), 
KBMPHF2 (3–10 kDa), 
KBMPHF3 (1–3 kDa), and 
KBMPHF4 (1 kDa)

[80]

Antioxidant Agaricus bisporus Peptides, 1–3 kDa fraction [77]
Antioxidant activity, ACE 

inhibitory activity, and anticancer 
activity

King Boletus mushroom Peptide mixtures [81]

Morchella importuna 831 Da
Ser-Leu-Ser-Leu-Ser-Val-Ala-Arg

[52]

Hepatoprotective and gut microbiota 
modulation

Pleurotus citrinopileatus Peptide mixtures [84]

Neuroprotection and gut microbiota 
modulation

Se-enriched Cordyceps militaris VPRKL(Se)M (Se-P1) and 
RYNA(Se)MNDYT (Se-P2)

[85]

Antiviral (coronaviruses) Pseudoplectania nigrella, Russula 
paludosa, and Clitocybe sinopica

Peptide mixtures [82]

Anti-inflammation Tricholoma matsutake Peptide mixtures
N-terminal: SDLKHFPF and 

SDIKHFPF

[86]

Ribonuclease Anti-HIV viral Lepista personata Ribonuclease
27.8 kDa

[90]

Ribotoxin-like proteins C. aegerita ribotoxin-like proteins (enzymes)
15 kDa

[110]

Ostreatin Novel tool for biotechnological 
applications

Pleurotus ostreatus ribotoxin-like proteins: 131 amino 
acid and 14,263.51 Da

Extract Antitumor Pleurotus tuber-regium Protein extract [51]
Pholiota nameko Protein extract [52]
Boletus edulis Protein extract

16.7 KD
[50]

Antimicrobial Auricularia auricula-judae Aqueous protein extracts [53]
Mushroom (Oyster and button) Protein extracts [54]
Inonotus hispidus Mixtures of peptides, proteins and 

other compounds
[111]

Protein hydrolysates Neuroprotective effects Pleurotus geesteranus Hydrolysates [58]
Antioxidative, angiotensin rennin 

converting enzyme (ACE) 
inhibitory and antiproliferative 
activities

Pleurotus ostreatus Hydrolysates [57]

Hepatoprotective effects Pleurotus ostreatus Hydrolysates [112]
Antioxidant properties and 

cytoprotective effects
Pleurotus geesteranus Hydrolysates [59]

Antioxidants and reduction of 
lipid peroxidation

Ganoderma lucidum Hydrolysates [60]
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Protein hydrolysates with hydrolysis degree ≥ 10% are 
usually intended for the development of specialized food 
products. Athletes make extensive use of food products con-
taining protein hydrolysates [8••]. Protein hydrolysates are 
known to be more easily and quickly absorbed than native 
proteins, and when combined with carbohydrates, they pro-
duce an insulinotropic effect, proving useful for increasing 
muscle glycogen and muscle mass. This aids digestion and 
is useful in the production of products for patients with 
impaired gastrointestinal function [61]. Also, protein hydro-
lysates are suitable for the development of hypoallergenic 
foods due to a reduced or eliminated antigenic potential. 
Although the bitter taste that is produced when some hydro-
phobic peptides are released during hydrolysis limits the use 
of protein hydrolysates in the food industry, the bitterness 
can be masked with other flavors, removed through enzy-
matic and chromatographic methods, or processed using 
activated charcoal [62]. As a result, edible mushrooms are a 
safe source of bioactive protein hydrolysates.

Therapeutic Role of Bioactive Proteins 
from Edible Mushrooms

Recent findings on the biological function of proteins are 
shown in Table 2. Bioactive peptides (BAPs) are small frag-
ments of proteins that provide some physiological health 
benefits [63]. Edible mushrooms are interesting sources 
of bioactive peptides because they contain a considerable 
quantity of high-quality proteins. The biological function of 
most bioactive proteins has been attributed to the encoded 
BAPs that can be released without losing their bioactivities 
[64]. Current reports showed that mushroom peptides ren-
der antihypertensive, antioxidant, antimicrobial, and other 
functions [17].

Angiotensin‑Converting Enzyme (ACE) 
Inhibitory Property

Hypertension is a chronic health problem that causes patients 
to have high blood pressure leading to heart disease, stroke, 
aneurysm, and renal failure. Fortunately, ACE inhibitors 
including peptides are available to treat hypertension [65]. 
ACE inhibitory peptides with different molecular weights 
(MW) and amino acids composition from mushrooms have 
been reported lately. A synthesized peptide from Lentinula 
edodes, named KIGSRSRFDVT with MW of 1265.43 Da, 
induced ACE inhibitory activity  (IC50) of 37.14 μM. KIG-
SRSRFDVT is a non-competitive inhibitor that binds at 
an inactive ACE site to inhibit ACE activity [66]. It was 
shown that Stropharia rugosoannulata peptides can bind 
to zinc ions, critical amino acids, or amino acid residues in 

the ACE active pocket, which inhibits the action of ACE 
[67]. Hydrolysis of A. bisporus scraps yielded three novel 
ACE inhibitory peptides; LVYP, VYPW, and YPWT which 
exhibited an average ACE inhibitory activity of 80.68%, 
and the  IC50 value was 0.9 mg/mL. They also showed good 
tolerance to temperature, pH, and gastrointestinal digestive 
enzymes, indicating excellent properties for the development 
of drugs for lowering blood pressure [68]. Peptides from 
Grifola frondosa mycelia hydrolysate induced higher ACE 
inhibitory activity [69]. When compared to chemosynthetic 
medications, mushroom peptides may have fewer negative 
effects on humans and have the ability to decrease blood 
pressure. However, clinical studies are needed to endorse 
these claims.

Antioxidant Effects

In the process of normal cellular metabolism, free radicals 
and reactive species, such as reactive oxygen species (ROS), 
are created continuously in the human body. Endogenous 
enzymatic and nonenzymatic defense systems quickly 
remove free radicals and reactive species; however, under 
certain conditions, such as drug use, inflammation, air pol-
lution, smoking, and irradiation, endogenous antioxidant 
systems can be overwhelmed, resulting in oxidative stress, 
which can cause aging, cancer, and atherosclerosis [70, 71]. 
Although numerous studies have revealed that hydrolyzed 
peptides and proteins reduce enzymatic and nonenzymatic 
oxidation by eliminating free radicals and chelating metal 
ions, the exact mechanism by which mushroom peptides 
exert antioxidant properties is still not entirely understood. 
Peptides may act as antioxidants to eliminate free radicals 
directly by supplying protons and/or electrons, or indirectly 
by suppressing endogenous oxidases (e.g., via activation of 
the Keap1-Nrf2 signaling pathway), and chelating metal ions 
implicated in a radical generation [17, 72, 73]. Antioxidant 
peptides contain 5–16 amino acids. Studies have confirmed 
excellent antioxidant peptides (0.65–3 kDa) from Schizo-
phyllum commune [74], Hericium erinaceus [75], Agrocybe 
aegerita [76], and A. bisporus [77]. Peptide composition, 
structure, and hydrophobicity are primarily responsible for 
their antioxidant capabilities [78•].

Antitumor Property

Active ingredients with antitumor effects have been isolated 
from mushrooms. A new peptide (MIPP) from Morchella 
importuna lowered human cervical cancer HeLa cell line via-
bility. MIPP inhibited cell proliferation via a mitochondrial-
dependent mechanism, as evidenced by Bcl-2/Bax down-
regulation, facilitation of cytochrome C transport from the 
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mitochondria to the cytoplasm, and activation of caspase-9 
and caspase-3 [79]. Four novel bioactive peptides > 10 kDa 
obtained from Boletus mushroom displayed antioxidant and 
ACE inhibitory activity greatly by KBMPHF4 fraction [80]. 
Again, King Boletus mushroom protein hydrolysate or bioac-
tive peptide (eb-KBM) isolated by enzymatic method dem-
onstrated high antioxidant activity, ACE inhibitory activity, 
and anticancer activity-relevant cytotoxicity in ChaGo-K1 
(undifferentiated lung carcinoma) and HEP-G2 (hepatocar-
cinoma) cells. It was concluded that eb-KBM elicits a high 
biological activity due to the high content of hydrophobic and 
aromatic amino acids [81].

Other Bioactivities

Several studies have revealed that mushroom protein has the 
potential to be used control pathogenic microbes and other 
human diseases. Peptides derived from Pseudoplectania 
nigrella, Russula paludosa, and Clitocybe sinopica exhibited 
binding affinity and the ability to modulate the flexibility and 
stability of selected coronavirus proteins, including ACE-
related carboxypeptidase, SARS-Coronavirus HR2 Domain, 
and COVID-19 main protease [82]. Nowadays, the hepato-
protective effects of polysaccharide-peptides from mushrooms 
have been evaluated against nonalcoholic fatty liver disease 
(NAFLD). It is known that nutrient digestion and absorption 
are mediated by the hepatointestinal system. Dysbiosis in the 
gut and modifications to its metabolic processes are linked 
to NAFLD [83]. Pleurotus citrinopileatus polysaccharide-
peptides (PSI and PSII) were shown by Huang et al. [84] to 
exhibit hepatoprotective effects in injured HepG2 cells by 
increasing the survival rates of injured cells, decreasing the 
accumulation of intracellular TGs, increasing the intracellular 
activity of SOD, reducing extracellular transaminase release, 
and maintaining cell integrity. PSI and PSII boosted both the 
richness and diversity of the human gut microbiota. Escheri-
chia-Shigella genera were less prevalent due to PSI and PSII, 
while SCFAs were improved, which impacted liver function-
ing. Therefore, PSI and PSII may induce effects via the liver-
gut axis system. Similarly, two novel selenium peptides (Se-
Ps), VPRKL(Se)M (Se-P1) and RYNA(Se)MNDYT (Se-P2), 
isolated from Se-enriched Cordyceps militaris induced pre-
protection against LPS-induced inflammatory and oxidative 
stress in the colon and brain by inhibiting the production of 
proinflammatory mediators. Se-Ps improved intestinal mucosa 
and positively affected gut microbiota dysbacteriosis [85]. 
Also, Tricholoma matsutake-derived peptides (SDLKHFPF 
and SDIKHFPF) attenuated ethanol-induced inflammatory 
responses and apoptosis by suppressing NF-κB signaling 
activation [86]. The peptides SDIKHFPF and SDLKHFPF 
produced from the Tricholoma matsutake improved barrier 
function by controlling TJ protein expression and the release 
of pro-inflammatory cytokines [87] as shown in Fig. 3.

Ageritin is a particular ribonuclease that is isolated from 
the edible fungus Cyclocybe aegerita (also known as Agro-
cybe aegerita). It cleaves a single phosphodiester bond 
present within the universally conserved alpha-sarcin loop 
(SRL) of 23-28S rRNAs. Apoptosis, which is the process 
by which cells die, occurs after this cleavage inhibits pro-
tein production. Ageritin exhibits ribonucleolytic activity 
on ribosomes, ribonuclease activity on Tobacco Mosaic 
Virus (TMV) RNA, endonuclease activity on a plasmid and 
genomic DNAs, and antiproliferative and defense activities, 
which have been fully reviewed in recent review paper [88]. 
Ageritin has considerable beneficial impacts on the viability 
of cancer SVT2 cells, but only slightly on healthy BALB/c 
3T3 cells, according to a study on the selective toxicity of 
the toxin against malignant cells [89]. In addition, ageritin 
induces antifungal, entomotoxic, and nematotoxic, antibac-
terial activities [88]. Additionally, the Lepista personata 
ribonuclease suppressed HIV-1 reverse transcriptase [90]. 
Discovering new medications to stop the worldwide pan-
demic infection using natural bioactive molecules could be 
a promising avenue.

Ways to Exploit Mushroom Protein 
in the Future

Edible mushrooms and their proteins have the potential to 
be extensively involved in a variety of areas with diverse 
applications in the future. Feeding the growing world popu-
lation, mitigating and adapting to climate change, reducing 
pollution, waste and biodiversity loss, and preserving human 
health are just a few of the many issues that the modern food 
and agriculture sector must address quickly. Food should 
also be tasty, affordable, convenient, and safe [91]. By 2050, 
9.2 billion people are expected to live on earth and consume 
twice as many resources as today. FAO estimates that agri-
cultural production will need to increase by 70% to feed the 
entire population [92]. Based on nutritional value, quality, 
and digestibility, as well as the associated health benefits and 
economic advantages, mushrooms can be used as source of 
protein in a variety of ways (Fig. 4).

Mushrooms Provide Future Alternative 
Protein to Fight Food Insecurity 
and Malnutrition

Asia and Africa are coping with serious challenges with 
hunger and malnutrition, based on the Global Hunger Index 
report in 2020. Also, due to the COVID-19 epidemic, the 
ensuing economic collapse, and a significant desert locust 
outbreak in the Horn of Africa, millions of people are expe-
riencing food and nutrition insecurity [93]. The increase 
in COVID-19 also had an indirect effect on human health. 
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Moreover, because of the significant increase in poverty and 
food insecurity recently, people are compelled to switch to 
less healthy and low-quality diets. As a result, the risks of 
undernutrition, especially protein deficits, have increased, 
affecting both high- and low-income countries [91, 93]. 
By 2030, governments around the world must achieve food 
security, reduce hunger, and improve nutrition, especially 
for the underprivileged and most vulnerable populations, 
including infants. Nearly 690 million people or 8.9% of 
the world’s population are estimated to be undernourished, 
mostly in Asia (381 million), Africa (250 million), Latin 
America, and the Caribbean (48 million) (WHO 2020).

The ever-increasing human requirement for protein-rich 
food and the inefficiency of conventional technologies have 
necessitated the need to carefully investigate options for cre-
ating affordable and novel protein-rich foods, with related 
health benefits. Using mushrooms in a form of eating the 
whole fruiting body (fresh or powder), protein concentrates, 
and hydrolysates offers nutrition and medicinal advantages 

[23]. In addition, the immunomodulatory agents released 
during digestion could stimulate intestinal immunity to fight 
diseases. Undigested mushroom carbohydrates and proteins 
constitute the major substrates at the disposal of the micro-
biota, which have been shown to stimulate the microbiota 
by promoting the growth of beneficial microbes and SCFA 
production [11, 94]. Mushrooms clearly provide bioactive 
substances that can aid in disease control and improvement 
in malnourished populations.

Additionally, mushroom protein, agentin have useful 
applications in agriculture. Given the increasing worldwide 
food demand caused by population growth, novel manage-
ment measures for crop protection against pathogens or pests 
must be tested, while minimizing the use of ecologically 
damaging phytochemicals [88]. Given that the ageritin pro-
tein product has insecticidal activity, transfecting the ageritin 
gene into plant cells could be a potential strategy for control-
ling diseases or pests. This is feasible in light of recent devel-
opments in in vitro cultures and genetic plant engineering. 

Fig. 3  Molecular mechanism through which Tricholoma matsutake-derived peptides SDIKHFPF (left) and SDLKHFPF (right) suppress the 
NF-κB/MLCK/p-MLC signaling pathway in DSS-induced colitis mice [113]
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Given Ageritin’s antifungal action, a similar experimental 
strategy is helpful for preventing fungal illnesses. Because 
‘Ageritin’ toxin is present in Pioppino edible mushroom, 
which is commonly consumed, the use of Ageritin for plant 
protection against diseases can be easily accepted by the pub-
lic [89]. Overall, the broad framework supports additional 
research on Ageritin and homologous members of the RL-Ps 
group for controlling pathogens in crops in order to increase 
food production.

Mushroom Protein is an Excellent Substitute 
for People Who Do Not Consume Animal Protein

The nutritional demands of individuals who do not eat animal 
products are met by meat substitutes [95]. Religious con-
victions and animal compassion are the main motivations 
for consuming such non-animal products, beside nutritional 
and health benefits and environmental considerations [8••]. 
A vegetarian or vegan diet is gaining popularity. According 
to research and market alternatives, there are two genera-
tions of products based on traditional proteins such as soy 
or gluten, as well as newer generation proteins such as peas 

or faba beans [96]. Edible mushrooms offer a cheap and less 
resource-intensive source of protein to partially replace meat 
or meat products [97]. Mushrooms may play a key role in 
meat analogs by delivering nutrients and stimulating the 
development of sensory qualities such as the appearance, tex-
ture, and flavor [46]. Edible mushrooms have been utilized 
in meat product as meat replacements or fillers to increase 
the physicochemical and sensory attributes and nutritional 
quality. Mycoprotein is a high-protein, low-fat dietary 
ingredient that is created by manufacturers by fermenting 
fungal spores with glucose and other ingredients [98, 99]. 
According to Singh et al., although Fusarium venenatum is 
grown to produce mycoprotein and make meat substitutes, 
it is rarely employed to generate meat analogues due to its 
limited digestibility [100]. Mycoproteins have a biological 
value comparable to typical meats and are high in quality pro-
teins, dietary fiber (-glucans and chitin), and other nutrients. 
Mycoproteins are also highly digestible (0.99), equivalent to 
animal protein sources such as milk, and important amino 
acids [101]. Consuming mycoprotein is linked to lower gly-
caemic indicators and energy density consumption [102]. 
Many Asian countries use Monascus purpureus, which is 
treated with yeast to produce red rice, and Aspergillus oryzae, 

Fig. 4  Different ways to exploit 
mushroom proteins [114]
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which is fermented with soy to make hamanato, miso, and 
shoyu. The British-developed meat alternative QuornTM is 
now offered in the European market. The use of P. albidus 
mycoprotein flour can aggregate nutritional and biological 
value in chocolate cookies [98]. Therefore, future years will 
undoubtedly witness an increase in the need for non-animal 
protein as we search for alternative protein sources to satisfy 
the demands of the growing population. Mushrooms offer 
some optimism because of their nutrient hub and simplic-
ity of modification. Notably, products made from mushroom 
mycoproteins are a promising new generation of functional 
alternative proteins since they have a meaty flavor, excellent 
nutrition, and biological properties.

Mushroom Proteins are Important 
Pharmaceutical Agents

Another important feature of bioactive proteins is the ability 
to be used as pharmaceutical agents. Mushroom proteins and 
peptides have antihypertensive, immunomodulatory, antifun-
gal, antibiotic, and antibacterial activities, and anticancer, 
antiviral, antioxidant, and ACE inhibitory effects [50, 52, 
78•, 86]. Considering the different biological activities in 
Table 1 (searched articles within 2020–2022) it emerged that 
about 25% of bioactive proteins possessed ACE inhibitory 
activity, mainly peptides (single and mixture) and only one 
protein hydrolysate. Whereas about 30% mostly being pep-
tides and protein hydrolysates exhibited antioxidant activity, 
while about 25% composed of peptides, hydrolysates, and 
extracts showed hepatoprotective, antiviral, and anticancer 
activities, and the others displayed neuroprotection, antimi-
crobial, gut modulation anti-inflammation properties. These 
bioactive proteins were obtained from popular mushrooms 
including A. bisporus, Lentinula edodes, Pleurotus spp, and 
Ganoderma spp. Others include Schizophyllum commune, 
Auricularia auricula-judae, Inonotus hispidus, Boletus 
mushroom, and Tricholoma matsutake, with Pleurotus spe-
cies emerged as the primary source of bioactive proteins and 
peptides making up majority of the proteins. Nevertheless, 
compared to the enormous number of peptides isolated from 
plants and animals, only a small number of peptides derived 
from mushrooms are currently recognized. Also, less than 
0.5% of the thousands of documented mushroom species 
are utilized for food and medicine, which include Lentinula 
edodes, Pleurotus spp., Agaricus spp., and Ganoderma spp. 
Other edible mushrooms, however, have significant or even 
high protein content that can be exploited.

Lectins are also of therapeutic or pharmaceutical inter-
est. Lectins are non-catalytic proteins that reversibly bind to 
sugars. Individual lectins typically bind their ligands with a 
high degree of stereochemical selectivity. The applications 
of lectins from mushrooms in terms of their antiproliferative 

activity, immune-stimulating, antimicrobial, and antioxi-
dant effects have been highlighted [103]. A. bisporus lectin 
(ABL) and A. bisporus mannose-binding protein (Abmb) 
exhibited anti-proliferative effects on cancer cells as well as 
an immune system-stimulating property [104]. Yousra et al. 
review report indicated that mushroom lectins have potent 
inhibitory activity against a variety of human pathogenic 
viruses including HIV, herpes simplex virus types 1 and 2 
(HSV-1 and HSV-2), hepatitis C virus (HCV), and influ-
enza virus. The lectins work by preventing viral entry and 
inhibiting replication through enzyme inactivation [105]. 
Despite that, lectins differ in structure, molecular weight, 
and carbohydrate specificity, which influences their phar-
maceutical applications. Lectins have been discovered in 
mushroom species such as Hygrophorus, Agaricus, Boletus, 
Russula, Pleurotus, Agrocybe, Lentinus, Grifola, and Gano-
derma. Lectins include fungal immunomodulatory proteins, 
ubiquitin-like proteins, enzymes, and unclassified proteins 
that are carbohydrate-free or possess less than 1–2% carbo-
hydrate. The low-carbohydrate proteins and peptides (LCP) 
exert anticancer activities via specific pathways including 
DNase activity, endoplasmic reticulum stress, PI3K/Akt/
mTOR-signaling pathway, and ubiquitin-mediated pathway, 
which are different from the common extrinsic or intrinsic 
apoptosis pathways [106].

Lately, interest in prebiotic property of mushroom fruity 
bodies (fresh or powder) and extracted compounds such 
as polysaccharide-peptides is growing. Prebiotics are food 
compounds that affect the gut microbiota’s composition or 
metabolism positively, including bifidogenic bacteria (Bifi-
dobacterium sp.) and lactic acid bacteria (Lactobacillus sp.). 
Prebiotics are involved in pathogenic suppression, gastroin-
testinal tolerance, and probiotic growth stimulation. Poly-
saccharides in edible mushrooms, such as hemicellulose, 
chitin–and–glucans, mannans, xylans, and galactans slow 
digestion [17, 107]. The hydrolysates can serve as substrates 
to promote the growth of beneficial gut microbes and their 
metabolite production leading to health benefits. Short-chain 
fatty acids (SCFA), primarily acetic, butyric, and propionic 
acids, are the primary end products of bacterial fermentation 
of unhydrolyzed carbohydrates and proteins in the gut [11].

Concerns over the effects of gut dysbiosis on diseases 
like inflammatory bowel disease (IBD), diabetes, cancer, 
obesity, and liver disease have lately grown. The diges-
tion and absorption of nutrients have an impact on health. 
Humans have long used mushrooms as food and medi-
cine, and potential applications for mushroom components 
such as protein are currently being explored. Recent work 
revealed that polysaccharide-peptides (PSI and PSII) from 
P. citrinopileatus excite protective effects on hepatopro-
tective and gut microbiota [84]. The adiponectin pathway 
was stimulated by PSI and PSII, which also resulted in less 
lipid buildup in liver cells, modulated gut microbiota, and 
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increased butyric and acetic acids production, suggesting 
that the liver-gut axis system is a mechanism through which 
PSI and PSII elicit these beneficial effects. In another report, 
the simulated digestion of protein extracted from selenium-
enriched Cordyceps militaris yielded two selenium pep-
tides, VPRKL(Se)M (Se-P1) and RYNA(Se)MNDYT (Se-
P2). Se-Ps promoted biological activities such as lessening 
inflammation and oxidative stress (OS) in the brain, reduc-
ing LPS-Induced inflammation and OS in the colon, and 
potentially modulating the relative abundance of gut micro-
biota of LPS-Injured mice. Se-P2 increased the abundance 
of Lactobacillus and Alistipes but decreased the abundance 
of Akkermansia and Bacteroides. Thus, Se-Ps collectively 
affected the gut and gut microbiota, which may offer a cru-
cial strategy to lessen neuroinflammation and associated 
Alzheimer’s disease via the microbiota-gut-brain axis [85]. 
Thus, the use of mushrooms as a future alternative protein 
source may provide bioactive compounds that can stimulate 
the gut microbiota to control or prevent a variety of human 
diseases. However, more research into how mushroom pro-
teins affect human gut microbiota and the health implica-
tions is required to gain a deeper understanding.

Conclusion and Prospects

Edible mushrooms are a valuable source of protein for both 
food and medicine. Mushrooms contain more protein than 
vegetables, fruits, and grains. Mushroom proteins are safer 
than meat proteins, with little to no risk of diseases. As a 
result, they meet dietary requirements: recommended dietary 
allowance (RDA) and protein efficiency ratio (PER). In addi-
tion, mushroom protein is of high protein quality in terms of 
complete essential amino acids and excellent digestibility. 
Consequently, mushrooms are utilized in food product for-
tification to increase nutritional value, particularly protein. 
Also, mushroom peptides, concentrate, and hydrolysates 
have been associated with an angiotensin-converting enzyme 
(ACE) inhibitory, antioxidant, antimicrobial, anticancer, and 
gut microbiota modulation properties. In contrast, significant 
progress has been made in the study of mushroom proteins 
from the species of Agaricus, Lentinus, and Pleurotus. How-
ever, several high-protein mushrooms, such as Tricholoma, 
Copyinds comatus, and Volvariella volvacea are yet to be 
fully utilized. Furthermore, it is widely acknowledged that 
the chemical structure of protein isolates such as peptides is 
directly related to their activities and mechanisms of action 
(42). However, some of the current research, particularly 
those on ACE-inhibitory, antioxidant, and antimicrobial 
activities have only been done on protein mixtures, with-
out detailed physiochemical composition or purification and 
identification of active components, let alone studying the 
mechanisms of action.

Finally, edible mushrooms provide suitable alternative 
protein sources for increasing protein production to meet the 
growing demand due to global population growth. Mushroom-
based proteins can be used to combat food insecurity and mal-
nutrition, as a meat substitute, as pharmaceutical agents, and 
as substrates to stimulate the gut microbiota to enhance human 
health. Notably, mushroom proteins are future high-quality 
protein substitutes that are easily accessible to both wealthy 
and underprivileged populations.
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