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Abstract 

Food insecurity, malnutrition and unsustainable food production are major challenges faced by 

humanity today.  Edible fungi could play an important role in restructuring current agrifood systems 

due to their balanced nutritional composition and their cost-effective and eco-friendly production. 

Many fungal species have the potential to be developed into functional food because they are a 

source of various bioactive compounds which provide health benefits beyond their macro-nutritional 

value. This review is aimed at giving a broad overview of fungal bioactive compounds beneficial for 

human health and investigating the potential of fungi as functional foods. In all the major groups of 

fungal primary and secondary metabolites that were investigated, a wide variety of bioactivities were 

found. Frequently occurring bioactivities present in almost all biochemical groups include antioxidant, 

anti-microbial, anti-cancer and immunomodulating activities, as well as benefits for gut-, brain- and 

cardiovascular health. Although many compounds that are present in fungi have been shown to 

possess these bioactivities, their actual effects through dietary intake remain insufficiently 

investigated. As the presence of specific bioactive compounds differs between fungal species, an 

assessment of an individual species is recommended. Given the rising demand for healthier and 

sustainable foods, fungi offer great potential to play an important role in future agrifood systems. 
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Layman’s Summary  
De wereld kampt met verschillende uitdagingen op het gebied van voedsel en gezondheid zoals 

voedselonzekerheid, ondervoeding en niet-duurzame voedselproductie. De huidige voorspelling is 

dat de omvang van deze problemen zal toenemen vanwege een groeiende wereldbevolking en 

toenemende conflicten en klimaatextremen. De belangrijkste aanbeveling van het laatste rapport van 

de voedsel- en landbouworganisatie van de Verenigde Naties is om de kosteneffectiviteit en de 

beschikbaarheid van voedzaam voedsel te vergroten. Om dit te bewerkstelligen is er een 

herstructurering van onze huidige agri-voedselsysteem nodig. 

Schimmels kunnen bij deze herstructurering een belangrijke rol spelen. Schimmels zijn meercellige 

micro-organismen en vormen een eigen rijk net als het rijk van de dieren. De meeste schimmels zijn 

bekend vanwege hun vruchtlichamen die wij kennen als paddenstoelen. Maar naast deze 

paddenstoelvormende schimmels is er een enorme diversiteit binnen het schimmelrijk, al is er maar 

weinig bekend over het meeste aantal soorten.  

Momenteel worden schimmels al gebruikt in de productie van voedsel en drank. Denk bijvoorbeeld 

aan de champignon, of aan bakkersgist als ingrediënt van brood. Een voordeel van schimmels is dat 

ze op een duurzame manier kunnen worden gekweekt. Schimmels kunnen namelijk groeien op dood 

materiaal zoals afvalproducten uit de landbouw. Daarbij breken ze de grote koolstofmoleculen in het 

organische materiaal af, en zetten ze dit om naar macronutriënten zoals eiwitten, koolhydraten en 

gezonde vetten. Daarnaast kunnen schimmels ook worden beschouwd als functioneel voedsel. 

Functioneel voedsel bevat functionele ingrediënten, ook wel bioactieve stoffen genoemd. Dit zijn 

stoffen waar na wetenschappelijk onderzoek is aangetoond dat het een gunstig effect heeft op één of 

meer doelfuncties van het menselijk lichaam.  

Dit review artikel geeft een overzicht van de huidige wetenschappelijke literatuur over bioactieve 

stoffen in schimmels. In alle onderzochte moleculaire categorieën zijn bioactieve stoffen gevonden. In 

meerdere schimmelsoorten zijn eiwitten, polyssachariden en vetzuren gevonden met een scala aan 

bioactiviteiten. Zo bevatten schimmels veel antioxidanten, en ontstekingsremmende en 

antimicrobiële stoffen. Daarnaast zijn er veel stoffen gevonden die potentieel gebruikt kunnen 

worden om kanker en cardiovasculaire ziekten te voorkomen of te genezen. Verder bevatten 

schimmels een variëteit aan stoffen die het immuunsysteem of ons darmstelsel beter laten 

functioneren. Ten slotte zijn ook een aantal stoffen gevonden die het menselijk brein beschermen 

tegen ziekten zoals Alzheimer en Parkinsons.  

Hoewel er is aangetoond dat schimmels vele bioactieve stoffen bevatten, blijven hun werkelijke 

effecten via orale inname onvoldoende onderzocht. Dit heeft een aantal oorzaken. Er zitten enorme 

verschillen tussen schimmelsoorten, en dus ook tussen de bioactieve stoffen die ze bevatten. De 

wetenschap is echter vooral gefocust op enkele soorten waardoor er over veel groepen schimmels 

weinig informatie bekend is. Daarnaast ontbreekt er veel kennis over het gedrag van deze stoffen in 

ons darmstelsel. Sommige stoffen kunnen namelijk gedeeltelijk afgebroken worden en verliezen 

daarmee hun bioactieve functies. Dit wordt ook wel de biologische beschikbaarheid genoemd.  

Uit deze review valt te concluderen dat schimmels een enorme potentie hebben als functioneel 

voedsel om ziektes te voorkomen en te genezen. Er is echter specifiek onderzoek nodig naar 

individuele schimmelsoorten en de biologische beschikbaarheid van de stoffen die ze produceren 

voordat er daadwerkelijk gezondheidsclaims gemaakt mogen worden. Schimmels zouden een 

belangrijke rol kunnen spelen in het toekomstige agri-voedselsysteem aangezien de vraag naar 

duurzaam en gezond voedsel sterk toeneemt.  
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Introduction  
Humankind faces many challenges with respect to food & health. These challenges include food 

insecurity, malnutrition and unsustainable food production. Food insecurity is a growing problem 

since access to safe, nutritious and affordable food in many low- and middle-income countries have 

been declining over the last few years (Food and Agriculture Organization of the United Nations, 

2022). Moreover, there has been a growth in global populations that are affected by different forms 

of malnutrition, including both the prevalence of undernourishment and obesity. The magnitude of 

these problems is predicted to increase, as the world’s population continues to grow. Other 

contributing factors are the worsening of the main drivers behind food insecurity such as conflicts, 

climate extremes and economic shocks, that are likely to continue in the near future (Food and 

Agriculture Organization of the United Nations, 2022). The key recommendation of the latest report 

on the state of food security and nutrition in the world is to increase the cost-effectiveness of 

nutritious foods and the availability of healthy diets by rethinking current agrifood systems (Food and 

Agriculture Organization of the United Nations, 2022).  

In line with rethinking agrifood systems, there has been increasing interest in the nutritional value of 

edible fungi. Several factors can explain this growth of interest. Firstly, edible fungi are a rich source 

of nutrients as they contain a balanced nutritional composition (Mohd Rashidi and Yang, 2016) and 

can be considered an alternative high-quality protein source with both essential and nonessential 

amino acids (Bach et al., 2017; González et al., 2020). In addition, edible fungi are a source of 

carbohydrates, dietary fibre, unsaturated fatty acids, vitamins and minerals (Bach et al., 2017; Ho, 

Asyikeen Zulkifli and Tan, 2020).   

Second, there is a growing interest in the production of healthy and nutrient-rich food of non-animal 

origin. Animal-based food products usually have high production costs, are resource intensive and are 

environmentally damaging (González et al., 2020). In contrast, fungi can be grown on agricultural 

waste products in low-burden fermentation processes, which makes them a sustainable and eco-

friendly food source. 

Thirdly, the interest in edible fungi can be explained by the converging trends of eastern herbal 

medicines, organic food product preferences, gut-healthy products and a positive outlook toward 

sports nutrition (Niego et al., 2021).  

Fungi can be considered functional foods as they provide additional health benefits beyond their 

macro-nutritional value. Edible fungi contain many bioactive compounds with bioactivities such as 

anti-cancer, antidiabetic, antihypertensive, antimicrobial, anti-viral, anti-inflammatory, antioxidant, 

immunomodulatory, neurotrophic and neuroprotective properties (Das et al., 2021; Niego et al., 

2021; Landi et al., 2022). Anti-cancer bioactivity refers to the ability of a substance to prevent or treat 

cancer, by exerting a therapeutic effect on cancer cells or the surrounding tissue. This usually involves 

disrupting one or more processes that are crucial for the survival and growth of cancer cells. The 

mechanisms by which compounds exert their anti-cancer bioactivities vary significantly. This is true 

for most of the bioactivities that will be discussed. This review will therefore not go into detail about 

each specific cellular mechanism behind the observed bioactivity.  

In addition to functional foods, many recent scientific articles have been published about 

nutraceutical compounds present in fungi. Nutraceuticals are a group of products that are more than 

food but less than pharmaceuticals, as they can be considered a supplement to effective 

pharmacological treatment proven by clinical testing (Niego et al., 2021). While both nutraceuticals 

and bioactive compounds have health benefits, nutraceuticals are marketed as supplements of 

functional foods, while bioactive compounds are found in the functional foods themselves.  
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The Protein Brewery (TPB) develops food ingredients (Fermotein®) using plant-based substrates and 

the fermentation capabilities of a Mucorales fungus. The current scientific landscape surrounding the 

topic of bioactive compounds in edible fungi is almost exclusively focused on Dikarya, the 

subkingdom of fungi that includes the phyla of the Ascomycota and Basidiomycota, also known as 

“higher fungi”. Less is known about the closely related sister phylum of Mucoromycota, in which the 

order Mucorales can be found (James et al., 2020). Mucoromycota, were formerly, and according to 

the conventional four-phylum classification, understood as part of the heterogeneous group of 

saprotrophic fungi called Zygomycetes (Naranjo-ortiz and Gabald, 2019). Mucoromycota are 

characterized by having wide filamentous anastomous hyphae lacking septa. The versatile metabolic 

activities of Mucoromycete fungi can be utilized to produce and accumulate a wide range of valuable 

metabolites. Mucoromycota are able to co-produce several of these metabolites in single 

fermentation processes (Dzurendova et al., 2022). Considering their rapid growth and metabolic 

versatility, Mucoromycota fungi can be considered powerful cell factories for biorefinery application 

in food production (Pawłowska et al., 2019; Dzurendova et al., 2022).  

For fungal-based biorefineries to aid in the transition to sustainable and cost-effective agrifood 

systems, more knowledge is needed regarding fungal bioactive & nutraceutical compounds. This 

review is aimed at giving a broad overview of fungal bioactive compounds beneficial for human 

health and investigating the potential of fungi as functional foods. Since this review is done on behalf 

of TPB, this review will give special focus to Mucorales species when there is data available. 

Moreover, this review will summarize the origin of these compounds in terms of species and cellular 

localisation. The types of bioactive compounds will be categorized into primary metabolites and 

secondary metabolites. Primary metabolites include proteins, polysaccharides, fats, polyphosphates, 

organic acids, nucleotides and minerals, and secondary metabolites include polyketides, terpenoids, 

shikimic acid-derived compounds and non-ribosomal proteins.   
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Proteins 
Along with fats and carbohydrates, proteins are part of the three main macronutrient groups in the 

human diet. During human digestion proteins are broken down into smaller peptides or single amino 

acids. Protein has important functions in the body such as providing structure to cells, tissues and 

organs, as well as various hormonal- and enzymatic activities. Compared to protein production of 

animal and plant origins, fungal protein is usually faster, cheaper, less space intensive and more 

sustainable since fungi can be grown on many agricultural waste products (González et al., 2020). 

Most edible fungi can be considered a high-quality protein source since they have a complete 

essential amino acid profile (Bach et al., 2017). In a nutritional context, an essential compound 

indicates that the compound cannot be synthesized in the human body and thus has to be provided 

by nutritional sources. Compared to plants, the protein profile of fungi is closer to that of meat as 

animals and fungi have a higher genetic similarity.  

Another important factor concerning functional protein is protein digestibility, which refers to the 

amount of protein available for absorption after the digestion process. Mycoprotein, when consumed 

in sufficient quantities (< 40 grams), was shown to mount a muscle protein synthetic response, which 

is evidence of both high quality and bioavailability (Dunlop et al., 2017). It is however important to 

note that both quality and bioavailability depend on the fungal species, type of substrate and 

processing conditions (González et al., 2020). This can be partly explained by the fact that some 

substances present in fungi can act as anti-nutritional factors, interfering in protein digestion. These 

compounds include dietary fibre, phenolic compounds, phytates, tannins, trypsin inhibitors and 

hemagglutinins (a type of lectin). Food processing, such as heat treatment or drying can be used to 

partly inactivate anti-nutritional factors (González et al., 2020).  

Bioactive Peptides  
Bioactive peptides (BAPs) are amino acid sequences of 2-20 residues long, that have biological health 

benefits beyond their nutritional value (Zhou et al., 2020). BAPs remain inactive when part of the 

intact parent protein. When released through hydrolysis during digestion, BAPs, in contrast to their 

parent proteins, can be absorbed completely by the intestine and enter the circulatory system where 

they directly produce local effects. BAPs have a high potency, high tissue affinity, are non-toxic and 

high in stability, which makes them ideal bioactive compounds for functional foods. BAPs lack the 

same specificity as their parent proteins. This means that BAPs are able to interact with multiple 

cellular components. Their bioactivity is thus more flexible and sometimes multifunctional. For 

instance, some fungal BAPs possess both anti-cancer and immunomodulating properties (Zhou et al., 

2020).  

Hypertension, also known as high blood pressure, leads to cardiovascular diseases, strokes and organ 

dysfunctions. Blood pressure is regulated in complex biochemical pathways, wherein the renin-

angiotensin system (RAS) plays a central role. Within this system, angiotensin converting enzyme 

(ACE) is a key regulator and is the main target in antihypertensive therapy. Fruiting bodies from a 

variety of mushrooms, (see Zhou et al., 2020; Landi et al., 2022), are potential sources of ACE 

inhibitory BAPs which are suggested to act as effective hypotensors in vivo (Ching et al., 2014). 

Mushroom-derived antihypertensive peptides may have synergistic effects with antihypertensive 

peptides from other sources and are promising alternatives to synthetic ACE inhibitors due to their 

high bioavailability and lack of side effects (Zhou et al., 2020). An overview of ACE inhibitory BAPs and 

their fungal origin can be found in Tables 1 & 2.  



8 
 

Table 1. ACE Inhibitory peptides derived from fungi. From (Zhou et al., 2020) where the references can be found. 

 

Table 2. The N-terminal amino acid sequence of mushroom-derived BAPs. From (Landi et al., 2022) where the references can 
be found. 
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When present in high amounts, free radicals and reactive oxidant species (ROS) can lead to a 

multitude of diseases including cancer. Antioxidants can remove free radicals by providing protons or 

electrons or by enhancing antioxidant enzymatic activity. Fungi can be considered a rich source of 

antioxidant BAPs with high radical scavenging activities in vitro (Zhou et al., 2020; Landi et al., 2022). 

Most of the research is focused on the fruiting bodies and their extracts. While mycelium extracts 

have been shown to possess many anti-oxidant compounds (Sánchez, 2017), no research so far has 

described mycelium-derived BAPs with anti-oxidant activity. Additionally, fungi contain glutathione 

(GSH), a tripeptide known as a key regulator in the antioxidant biochemical system and ergothioneine 

(ERGO), an amino acid with important antioxidant properties (Kalaras et al., 2017).  While some 

antioxidant MBAPs were shown to be effective in vivo, the biostability, bioavailability and antioxidant 

efficacy of these compounds has yet to be verified. An overview of antioxidant BAPs and their fungal 

origins can be found in Table 3.  

Table 3. Antioxidant peptides derived from fungi. From (Zhou et al., 2020) where the references can be found. 
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Several anti-microbial BAPs have been identified in fungi. While most studies focus on the fruiting 

bodies of mushrooms, anti-microbial properties have also been found in the mycelium of Ganoderma 

Lucidum (Mishra et al., 2018). Antimicrobial BAPs can be categorized by their antifungal, antibacterial 

and antiviral properties (Zhou et al., 2020). Antifungal MBAPs include Cordymin, Pleurostrin, and 

Eryngin (Landi et al., 2022). Interestingly, Cordymin also showed antiproliferative activity toward 

breast cancer cells (Wong et al., 2011). Plectasin is a known Antibacterial MBAP that showed anti-

infective properties in an in vivo mouse model (Zhou et al., 2020) and has therapeutic potential 

against several bacterial infections including tuberculosis (Tenland et al., 2018). Several studies also 

found peptide fractions from G. Lucidum and Terfezia Claveryi with antibacterial activity against 

Escherichia coli & Salmonella typhi and Bacillus cereus, respectively (Farzaneh et al., 2018; Mishra et 

al., 2018). Lastly, antiviral MBAPs with HIV-1 inhibitory activity were found in several fungal species 

(Sillapachaiyaporn and Chuchawankul, 2020; Landi et al., 2022). An overview of antimicrobial BAPs 

and their fungal origins can be found in Table 4.  

So far, there has been only one report of the production of BAPs in the Mucorales order.  In vitro ACE-

inhibitory BAPs were produced by Mucor Spp during soybean fermentation (Hang and Zhao, 2012).  

Table 3. Antimicrobial peptides derived from mushrooms. From (Zhou et al., 2020) where the references can be found.  
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Functional Proteins  
Many fungal proteins possess bioactivities beneficial for human health. An overview of the fungal 

proteins discussed below can be found in Table 5. Of all fungal proteins, lectins are probably 

investigated most extensively (Xu et al., 2011). Lectins are carbohydrate-binding proteins and play a 

role in the recognition between cells, carbohydrates and proteins. Lectins can be found on the cell 

wall and in the cytoplasm. Lectins have many reported bioactivities including anti-cancer, 

immunomodulatory, antifungal and HIV-1 reverse transcriptase inhibitory activities (El-maradny et al., 

2021; Niego et al., 2021).  

Next, many fungal enzymes have been shown to possess anti-cancer potentialities. Ribosome-

inactivating proteins (RIPs) are enzymes that can specifically inhibit protein translation and have been 

shown to possess anti-proliferative and anti-microbial activities. Fungal RIPs with anti-cancer 

properties are marmorin, flammulin, hypsin, calcaelin, flammin, velin, lyophyllin, pleuturegin and 

volvarin (Rezvani et al., 2020). Another important group of fungal enzymes with bioactivity are 

proteases. Proteases are proteolytic enzymes that catalyse the breaking down of proteins. Several 

types of fungal proteases have been described as potential anti-cancer agents with functions in 

several cancer stages. Lastly, several fungal laccases and ribonucleases with anti-cancer activities have 

been found (Xu et al., 2011; Rezvani et al., 2020).  

Another group of compounds with anti-proliferative properties are ubiquitin-like proteins (ULPs), 

which are signalling messengers with roles in proliferation, apoptosis and DNA repair. Several ULPs, 

including RBUP, PSULP and UbcA1 have been isolated from fungi and have been shown to possess 

anti-cancer properties in vivo (Rezvani et al., 2020).  

Lastly, many fungal immunomodulatory proteins (FIPs) have been discovered during the last decades. 

This group of bioactive proteins has similar structural characteristics and physicochemical properties. 

FIPs exert anti-cancer activity either through activation of the immune response or direct cytotoxicity 

toward tumour cells (Xu et al., 2011; González et al., 2020). The anti-cancer activities of FIPs are 

summarized in (Li, Zheng and Zhou, 2019).  

No bioactivity of proteins derived from Mucorales species have been found. Future research on the 

presence of bioactive enzymes, RIPs, ULPs and FIPs in Mucorales spp is necessary.  

Table 4. Bioactive Fungal proteins. From (Rezvani et al., 2020), where the references can be found.  
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Polysaccharides 
Polysaccharides (PS) are long-chain polymeric carbohydrates composed of monosaccharide (MS) 

units bound together by glycosidic linkages. Homopolysaccharides are PSs consisting of a single type 

of MS. In contrast, hetero-PSs consist of multiple types of MS (Wang, 2017). Fungal PSs are 

synthesized using intracellular nucleotide sugars. Together, various polysaccharides form a gel-like 

matrix on the hyphal cell wall surface. This matrix is important for energy storage, cell wall structure, 

cell-cell interaction and host-pathogen interactions (Wang, 2017). The composition and organisation 

of PS in the fungal cell wall vary between species.  

Polysaccharides have been described as the most potent bioactive compounds derived from 

mushrooms and are responsible for a variety of physiological activities (Valverde, Hernández-pérez 

and Paredes-lópez, 2015; Niego et al., 2021). Although the bioactivities of PSs are well established, 

little is known about the relation between bioactive effects and monosaccharide composition (Wang, 

2017). Since bioactivities of many polysaccharide fractions from a multitude of fungi have been 

reported (Yang, Zhou and Zhang, 2019; Niego et al., 2021; Garcia et al., 2022), this review will focus 

on the main types of fungal polysaccharides, and summarize their common bioactivities.     

Glycans 
β-glucans are the main polysaccharides found in fungi and comprise a group of β-D-glucose 

polysaccharides. Many studies have shown that β-glucans possess bioactivities with a beneficial effect 

on human health. Since these compounds are not synthesized in the human body, they can induce a 

wide range of immune responses, thereby indirectly stimulating the body’s immune function (Mingyi 

et al., 2019). The biologically active fungal β-glucans are those comprising β (1-3) linked glucose with 

side chains of glucose with β (1-6) linkages (Yang, Zhou and Zhang, 2019).  

Lentinan, a β-glucan isolated from Lentina edodes, has been shown in clinical studies to affect the 

growth of various cancers (Yang, Zhou and Zhang, 2019). In addition, Lentinan has demonstrated 

antioxidative, anti-inflammatory and antimicrobial activity (Niego et al., 2021). Schizophyllan, 

produced by Schizophyllum commune, has similar immunomodulatory and anti-cancer properties as 

lentinan. Both Lentinan and Schizophyllan are used in Japan as adjuvants for cancer therapies (Yang, 

Zhou and Zhang, 2019; Garcia et al., 2022). There exists a multitude of other β-glucans with 

bioactivities. These include Pleuran, Calocyban, Polysaccharide Krestin (PSK), Ganoderan, Grifolan, 

Pachymaran and Tramesan. The biological activities and origins of these compounds can be found in 

(Yang, Zhou and Zhang, 2019; Niego et al., 2021; Garcia et al., 2022) and Table 6.  

Another well-known group of fungal PSs are mannans, which are composed of α-glycosidic bond-

linked mannoses. Although the anti-cancer effects of mannans are generally weaker than β-glucans, 

they are still found to be effective in animal models (Yang, Zhou and Zhang, 2019).  

While β-glucans are the best-studied glycans in terms of bioactivity, many papers found complete 

glycan fractions that possess anti-oxidative, anti-cancer and hypoglycemic effects. The variety in 

different biological activities of different fungal PSs might suggest that the unique PS combinations, 

rather than the β-glucans alone, contribute to the observed clinical efficacies (Yang, Zhou and Zhang, 

2019).  
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Table 5. Bioactive fungal polysaccharides and their origins. From (Niego et al., 2021) where the references can be found. 
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Chitin and Chitosan 
Chitin and its partially deacetylated analogue called chitosan, are two other major polysaccharides 

present in the fungal cell wall. Chitin is a long-chain polymer composed of repeating β(1,4)-N-

acetylglucosamine (Shamshina, Oldham and Rogers, 2019). Several studies in both animals and 

humans have demonstrated potential nutritional benefits of chitosan such as reducing blood LDL-

cholesterol levels and decreasing lipid digestion, which can be useful in obesity treatment and 

hypercholesterolemia (Shamshina, Oldham and Rogers, 2019). Chitosan, as part of a nutraceutical 

formulation together with three other compounds, is effective in lowering cholesterol levels in a 12-

week trial (Spigoni et al., 2017). Other bioactivities attributed to chitosan include antimicrobial, 

antioxidant and anti-cancer and anti-inflammatory activity (Iqbal et al., 2021).  

It is however still unclear which specific structural and chemical properties of chitosan are most 

effective. Taken together with the fact that most of these studies have used crustacean-derived 

chitosan, it is still too early to ascribe nutritional benefits to fungal chitosan. Most of the bioactivities 

found in the scientific literature are ascribed to chitosan, and not chitin. Compared to fungi from the 

subkingdom Dikarya, several mucor species were found to possess a higher chitin/chitosan content 

(Rousta et al., 2023). The spores and hyphae of Mucorales species contain a chitin/chitosan 

proportion of 12% and 40%, respectively. These findings point to Mucorales species as potential 

candidates for functional foods with respect to their chitosan content.  

Dietary Fibres 
Next to their above-mentioned bioactivities, fungal PSs have also beneficial effects on human health 

as dietary fibres (DFs) (Shamshina, Oldham and Rogers, 2019). DFs are non-starch polysaccharides 

that cannot be broken down in the human digestive system. The fungal DF content is mainly 

comprised of β-glucans, chitin and hemicellulose. (Zhang et al., 2021). Dietary fibre consumption aids 

in regulating the gut microbiota, prevents constipation, promotes intestinal health and reduces the 

risks of cardiovascular disease (He et al., 2022). The health benefits of DF from fungal origin 

specifically, include anti-cancer and immune-enhancing activities, as well as beneficial attenuation of 

glucose-, lipid- and cholesterol-blood levels (Zhang et al., 2021). 

Considering their wide varieties in biological activities, fungal polysaccharides are promising 

functional compounds with the potential for food and nutraceutical applications (Zhang et al., 2021). 

To date, there are already eight fungal PS-based drugs approved by the Chinese Food and Drug 

Administration (Yang, Zhou and Zhang, 2019). However, how the bioactivity mechanisms of PSs relate 

to their structural- and biochemical compositions remains partly unclear. The ability of PSs to induce 

immunostimulatory effects is related to the degree of branching, molecular weight, conformation and 

functional groups present (Ferreira et al., 2015). The structure-function relationships differ per type 

of PS. This means that the assessment of specific PS fractions and their bioactivities is necessary to 

make claims about their potential as functional ingredients.  
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Although the precise structure of cell wall polysaccharides of Mucorales species remains unknown, 

some PS have been described (Figure 1). These include mucoran, mucoric acid, chitin and chitosan 

which have been found in M. circinelloides and M. mucedo (Lecointe, 2019). Currently, no 

bioactivities are ascribed to the PSs found specifically in Mucorales species.   

Figure 1 Partial structure of cell wall polysaccharides found in Mucorales. From (Lecointe, 2019).  
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Fats 
Fats are a group of molecules that are insoluble in water, but soluble in non-polar solvents. They 

include mono-, di- and triglycerides, phospholipids, sterols and waxes. Most fungal-derived fats can 

be found in the fungal cell wall. Compared to carbohydrates and proteins, the amount of fat in most 

fungi is relatively low (Niego et al., 2021).  

Fatty Acids  
The primary component of dietary fats are fatty acids (FA). Nutritionists recommend increased 

polyunsaturated fatty acids (PUFAs) and reduced intake of saturated fatty acids (SFA). Fungi have 

been shown to have a PUFA/SFA ratio higher than 0.45 which is recommended for a healthy diet 

(Ogwok, Muyinda and Bamuwamye, 2016). PUFAs are essential components of the cellular 

membrane and regulate many cellular processes (Abedi and Sahari, 2014). Fungi are a source of 

various PUFAs, including linoleic acids (LA), alpha-linolenic acid (ALA), gamma-linolenic acid (GLA), 

arachidonic acid (AA), and docosahexaenoic acid (DHA) (Kosa et al., 2018; Copetti, 2019; Dimitrijevic 

et al., 2019). From these PUFAs, ALA and LA are essential fatty acids. 

PUFAs have many biological activities with health benefits. They have a positive effect on 

cardiovascular health by lowering low-density lipoprotein (LDL) levels and reducing blood pressure 

(Abedi and Sahari, 2014). PUFAs influence neurotransmitter biosynthesis and uptake and have 

additional positive effects on brain functioning. Lipid extracts from Cordyceps militaris were shown to 

have the potential to treat neurodegenerative diseases by lowering inflammation in microglial cell 

models (Nallathamby et al, 2020). Furthermore, PUFAs are shown to have beneficial effects on skin 

diseases, asthma, arthritis and multiple sclerosis. Lastly, PUFAs play a role in the prevention of cancer 

and autoimmune disease, diabetes and Crohn’s disease (Abedi and Sahari, 2014; Akpinar-Bayizit, 

2014).  

Next to the amount of dietary PUFA intake, the omega-3/omega-6 ratio is another important factor 

for their nutritional value. In the west, people overconsume omega-6 PUFAs and need more omega-3 

PUFAs in their diet (Abedi and Sahari, 2014). The omega-6/omega-3 ratio in several fungi is found to 

be well above the recommended dietary ratio of 1-4:1  (Ogwok, Muyinda and Bamuwamye, 2016). 

The high ratio could be explained by a high amount of LA. It is however important to note that 

because of the low amount of fat in most fungi, the high ratio doesn’t make it detrimental to health 

(Ogwok, Muyinda and Bamuwamye, 2016), especially considering the health benefits mentioned 

above.  

Sterols 
Sterols play an essential role in eukaryotic cells where it influences the membrane’s fluidity and acts 

as a secondary messenger. Mycosterols are a class of sterols that are produced by fungi. They can 

differ in their side chains and functional groups when compared to human sterols. Ergosterol and its 

derivatives are considered the main sterols present in fungi. Although for some other fungi other 

sterol products e.g., cholesterol derivatives and brassicasterol are the main sterols present. Ergosterol 

has many health benefits for humans and is found to possess anti-inflammatory, anti-cancer and 

antimicrobial activities (Peralta, Bracht and Ferreira, 2017). Furthermore, mycosterols have been 

suggested as functional compounds to treat hyperlipidaemia disorder (Das and Kumar, 2021). Lastly, 

ergosterol, when exposed to ultraviolet light, is converted into Vitamin D2 and consequently offers 

Vitamin D-related health benefits including enhancement of immune, muscle, bone and cognitive 

functioning (Peralta, Bracht and Ferreira, 2017).  
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Another known mycosterol is 22-Dihydroergocalciferol, which is commonly known as vitamin D4. 

Vitamin D4 has been investigated for its therapeutic value in the context of hyperproliferative 

diseases, multiple sclerosis, rheumatoid arthritis, Crohn’s disease and type 1 diabetes (Niego et al., 

2021). To date, several sterols have been identified in Mucorales species. These include ergosterol, 

22-dihydroergosterol and episterol (Das and Kumar, 2021).  

Phospholipids  
Phospholipids (PLs) are another major component of eukaryotic membranes. They are a class of lipids 

containing phosphorous in their chemical structure and are present in several food sources. The main 

fungal phospholipids include phosphatidylethanolamine (PE), phosphatidylcholine (PC) and 

phosphatidylinositol (PI). Less abundant fungal phospholipids include phosphatidylserine (PS), 

phosphatidic acid (PA) and cardiolipin (CL).  

Nutraceutical properties of PLs include gastrointestinal infection protection, cognitive improvement 

across the lifespan (Schverer et al., 2021), reduced cholesterol absorption and exercise-induced stress 

reduction (Ali et al., 2017). Phosphatidylcholine has been shown to have the potential to reduce liver 

damage caused by toxins such as alcohol and was shown to be effective as an adjuvant to treat non-

alcoholic fatty liver disease (Maev et al., 2020). These benefits are found with the use of PLs of 

animal- and/or plant-based origin, however, to date no nutritional health benefits of fungal PLs have 

been described.  

Other fats 
Furan fatty acids (FuFAs) are a group of FAs that contain a furan ring. They are known to protect 

against oxidative stress because of their radical scavenging properties and the ability to protect PUFAs 

from peroxidation (Hermann-ene et al., 2022).  Although present in low amounts compared to animal 

sources, FUFAs were found in 29 out of the 37 edible fungi tested (Hermann-ene et al., 2022).   

Next to the main three classes of fats which were covered already, more classes exist, most notably 

waxes and sphingolipids. However, to date, these fungal compounds have not been described in 

terms of their nutritional and nutraceutical values.  

Among fungi, Mucoromycota species are considered potential candidates for high-value lipid 

production as these species are naturally oleaginous (Mohamed et al., 2020; Zhao et al., 2021; 

Dzurendova et al., 2022). Lipid extracts of Mucor species were shown to be rich in PUFAs, especially 

the bioactive compound GLA.  
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Polyphosphates 
Polyphosphates (PolyPs) are linear polymers containing tens to hundreds of phosphate residues 

linked by energy-rich phosphoanhydride bonds (Achbergerová and Nahálka, 2011). PolyPs are 

localized in different organelles including the cell wall, cell membrane, cytoplasm, and various 

vacuolar and vesicular structures. In addition to their primary function as energy storage, PolyPs play 

a role in controlling homeostasis and protection against environmental stress (Werner, Amrhein and 

Freimoser, 2007).  

Polyphosphates are used to improve the sensory properties and shelf-life of many foods as PolyPs 

possess high buffering capacity, water-retaining ability and antibacterial activity (Kulakovskaya, 

Vagabov and Kulaev, 2012). Most PolyPs are broken down to single phosphate units in the stomach by 

intestinal phosphatases. While PolyPs are nontoxic, overconsumption of PolyPs may have undesired 

effects on human health, such as an increased risk of cardiovascular disease and impaired kidney 

function, although the current for this evidence remains inconclusive (Kulakovskaya, Vagabov and 

Kulaev, 2012).  

Beneficial health effects and bioactivities of Polyphosphates have also been reported. Probiotic-

derived polyphosphates were found to enhance epithelial barrier function and have the potential to 

alleviate intestinal inflammation (Segawa et al., 2011). Furthermore, PolyPs could be used in 

therapies for several blood diseases because of the ability to restore defective plasma clotting and 

treat bleeding episodes in patients with haemophilia (Kulakovskaya, Vagabov and Kulaev, 2012).  

However, the health benefits of fungal-derived PolyPs have not yet been researched. Several 

Mucoromycota species have been shown to possess polyphosphate accumulation properties. The 

highest rate of phosphorus uptake in these species is observed during the exponential growth phase 

(Dzurendova et al., 2022).  

Organic acids 
Fungal organic acids are produced by fungi through various metabolic pathways. Organic acids are 

involved in nutrient acquisition, energy metabolism and communication between cells and other 

organisms. Fungal organic acids have been shown to have various beneficial effects on human health 

(Naraian and Kumari, 2018). First of all, many edible fungi contain ascorbic acid, which is commonly 

known as vitamin C. Ascorbic acid is an essential nutrient required for a multitude of enzymatic 

reactions in the human body and which functions as an antioxidant (Al-Obaidi, Jambari and Ahmad-

Kamil, 2021). Fungi can also be considered a good source of pantothenic acid (vitamin B5) and folic 

acid (vitamin B9) which both are essential nutrients for humans with various beneficial health effects.  

Organic acids, such as lactic acid produced by fungi of both Saccharomyces and Aspergillus species, 

can improve gut health by promoting the growth of beneficial gut bacteria and reducing gut 

inflammation, leading to improved digestion and absorption of nutrients (Parvez et al., 2006). Several 

organic acids (i.e., citric, acetic, gluconic, glucuronic, lactic, tartaric, citric and malic acid) possess anti-

oxidant properties. Of these, acetic acid, lactic acid and glucuronic acid also exhibit antimicrobial 

activities (Naraian and Kumari, 2018; Abaci et al., 2022). Furthermore, acetic acid in kombucha, a 

drink which is produced in a symbiotic fermentation process by yeast and bacterial species, is likely to 

play a role in cytotoxicity towards cancer cells and anti-hypercholesterolemic effects (Abaci et al., 

2022). The dietary addition of fungal organic acids has been shown to improve gut health and 

nutrient absorption in poultry (Khan and Iqbal, 2016). However, further research is needed to 

demonstrate the benefits of fungal organic acids on human health. So far, the presence of tartaric 

acid, malic acids, citric acid, butane diacid, ethylic acid and oxalic acid has been described in Mucor-

type fungi (He et al., 2019).  
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Nucleotides  
Nucleotides (NTs) are composed of a nitrogenous base, a pentose sugar and a phosphate and are the 

basic units of nucleic acid macromolecules such as DNA and RNA. NTs also act in various cellular 

processes and pathways. Humans can synthesize NTs themselves. However, over the last centuries, it 

has become clear that exogenous NTs have several additional biological functions (Ding et al., 2021). 

Dietary NTs are able to modify intestinal flora, modulate immune function, increase resistance to 

infection, maintain liver function and improve antioxidant activities (Ding et al., 2021). 

So far, only two recent papers have looked into the bioactivities of NTs derived from fungi. The 

studies used dietary yeast nucleotides to feed tilapia (Xu et al., 2015) and pacific white shrimp (Jin et 

al., 2018). Both studies found an improved growth performance, enhanced innate immunity and an 

improvement in intestinal morphology.  

Research on the benefits of dietary nucleic acid derivatives is scarce as well. Currently, only one such 

known fungal compound has been found. Eritadenine, isolated from the fruiting body of L. edodes 

has been shown to possess cholesterol-lowering and ACE-inhibitory activity (Fukushima-sakuno, 

2020). While some of these results are promising, more research is needed on dietary fungal NTs and 

their derivatives before any conclusion can be made. No research with respect to dietary NTs from 

Mucorales species could be found.  

Minerals 
In a nutritional context, minerals are chemical elements that are essential nutrients for the survival of 

organisms. Excluding the four major structural elements; oxygen, hydrogen, carbon and nitrogen. The 

most abundant minerals found in fungi are potassium [K] phosphorous [P], sodium [Na], calcium [Ca] 

and magnesium [Mg]. Minor mineral constituents include copper [Cu], zinc [Zn], iron [Fe], manganese 

[Mn] and selenium [Se] (Dimitrijevic et al., 2019; Niego et al., 2021). The content of minerals is 

dependent on both the substrate and fungal species (Niego et al., 2021). Since the beneficial health 

benefits of minerals are already extensively reported, this review will instead focus on the bioactive 

organic compounds which are more specific for fungi.  
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Secondary Metabolites 
Fungal secondary metabolites (SM) are organic compounds which are not directly involved in the 

normal growth, development or reproduction of the fungus that produces the metabolite. Instead, 

these compounds often have functions in environmental interactions. Fungal SMs are categorized by 

their biosynthetic origin into; polyketides, terpenoids, nonribosomal peptides, and shikimic acid-

derived compounds (Devi et al., 2020). However, it must be noted that molecules with mixed 

biosynthetic origin are common (Skellam, 2022). The subcellular localisation of secondary 

metabolites is extremely complex. Pathways and enzymes involved in SM synthesis are located 

differently in different fungi (Skellam, 2022).  

Polyketides 
Polyketides (PKS) are a diverse class of molecules consisting of a chain of alternating ketone and 

methylene groups. These compounds possess many bioactivities including antibiotic, anti-microbial 

and immunosuppressive properties (Staunton and Weissman, 2001). Many of today’s 

pharmaceuticals are derived from polyketides. A well-studied fungal polyketide is lovastatin which is 

used as a drug to treat high blood cholesterol and reduce the risk of cardiovascular disease. Recent 

studies have also researched lovastatin as an adjuvant of anti-cancer drugs for its chemotherapeutic 

activity against several types of cancer (Xie et al., 2021). Two types of fungal pentaketides, 

formylanserinone B and anserinones B, also possess anti-cancer activities (Lin and Xu, 2020). 

Although much is known about polyketide biosynthesis in fungi and the pharmaceutical potential of 

polyketides derived from other organisms (Staunton and Weissman, 2001), research on specific 

bioactivities of polyketides derived from fungi, including mucor-species, is lacking.  

Terpenoids 
Terpenoids are a group of compounds containing an aliphatic polyene chain derived from the 5-

carbon compound isoprene. Molecules within this group are classified according to their number of 

isoprene units. Many fungal terpenoids are shown to have various bioactivities including anti-cancer, 

anti-microbial and anti-inflammatory activities (Amirzakariya and Shakeri, 2022) (Devi et al., 2020). 

Tetraterpenoids, better known as carotenoids are shown to have various bioactivities including their 

antioxidant properties linked to the prevention of different types of cancer and immune system 

enhancement (Mohamed et al., 2020). Moreover, carotenoids lower the risk of diseases such as 

cancer, cardiovascular diseases and age-related eye disorders (Lin and Xu, 2020). A triterpenoid 

named Ganoderic acid, produced by G. lucidum is used as an adjuvant in therapies aimed to treat 

hepatitis, fatigue syndrome and prostate cancer. Moreover, Ganoderic acid has been shown to 

possess antioxidant and anti-cancer activities (Niego et al., 2021). Astaxanthin, produced by 

Xanthophyllomyces dendrorhous, is another fungal carotenoid that has gained attention in the 

pharmaceutical- and food industries (Fang et al., 2019). It has shown great potential in treating 

diseases such as Alzheimer’s, Parkinson’s, stroke, and high cholesterol, as well as preventing cancer.  

Terpenoids were found to be widely present in eleven Mucor species tested. β-carotene and 

zeaxanthin were found to be the major carotenoids in these Mucor species (Mohamed et al., 2020). 

Zeaxanthin has a multitude of health benefits, including neuroprotective, antimicrobial, 

antiosteoporosis, UV-protective, anti-allergic and ophthalmological activities (Bouyahya et al., 2021). 

β-carotene is the precursor of vitamin A and is considered a potent antioxidant. Moreover, it has been 

shown to lower the risk of heart disease and certain types of cancer, and to protect against age-

related macular degeneration (Gul et al., 2015).  
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Shikimic acid-derived compounds 

Phenolic compounds  
Phenolic compounds contain an aromatic ring with one or more hydroxyl groups. Eight edible fungi 

have been shown to contain 1-6 mg of phenolics per gram of dried mushroom. They exhibit a variety 

of bioactivities beneficial for human health. The best-documented bioactivity is their antioxidant 

activity as free radical scavengers, single oxygen quenchers and metal ion chelators. Fungal phenolic 

compounds with antioxidant activity include gallic acid, p-hydroxybenzoic acid, vanillic acid, syringic 

acid, cinnamic acid, p-coumaric acid, caffeic and ferulic acids (Heleno et al., 2015). In addition, these 

compounds often possess other bioactivities such as antiallergenic, antiatherogenic, anti-

inflammatory, antimicrobial, antithrombotic, anti-cancer and cardioprotective activity (Heleno et al., 

2015; Valverde, Hernández-pérez and Paredes-lópez, 2015; Niego et al., 2021). Three strains of Mucor 

circinelloides were investigated for their antioxidant potential. Phenolic compounds, such as tannins 

and flavonoids were found to be the major effective antioxidant components in different in vitro 

assays (Hameed et al., 2017). 

There is however still debate about the actual effects in vivo because these compounds are subject to 

several biochemical reactions in the gastrointestinal tracts and blood plasm. This can change their 

structures, and influence their bioactivities. For ferulic- and caffeic acid it has been shown that their 

metabolites still exert a significant antioxidant action in vivo, and even possess greater anti-cancer 

potential than their parental compounds (Heleno et al., 2015). Since the bioavailability of phenolic 

compounds is crucial for their bioactivities, more research is needed for many of the above-

mentioned compounds, including those of Mucorales, to ascertain their beneficial health benefits in 

humans.   

Alkaloids 
The group of organic compounds named alkaloids contain great structural diversity and are 

characterized by having at least one nitrogen atom. Alkaloids derived from several fungal species 

have been shown to possess various bioactivities. Cordycepin is a nucleoside fungal alkaloid derived 

from Cordyceps mushrooms. It possesses anti-diabetic, anti-malarial, anti-arthritic, anti-osteoporosis, 

antioxidant bioactivities, and beneficial immunomodulatory effects (Ashraf et al., 2020). Ergot 

alkaloids, of which some are produced by species in the genus Rhizopus from the order Mucorales, 

have nutraceutical potential and have been used for their vasoconstrictive effects (Guerre, 2015). 

Another alkaloid compound, Pseurotin A, obtained from aspergillus, has been shown to possess 

antioxidant, anti-inflammatory and anti-cancer properties (Helal et al., 2019). Lastly, several indole 

alkaloids derived from Chaetomium species have anti-cancer properties. These compounds include 

vinblastine, vincristine, chaetoglobosins and ischaetoglobosin D (Zhang et al., 2012; Manganyi, 2020).  

Nonribosomal peptides 
Non-ribosomal peptides (NRPs) are a class of organic peptides that are synthesized by non-ribosomal 

peptide synthetases. Filamentous fungi are considered highly productive NRP producers (Vassaux et 

al., 2019). Bioactivities of NRPs include antimicrobial, anti-cancer and anti-inflammatory as well as 

immunomodulatory and neuroprotective properties. A well-researched fungal NRP is cyclosporin A, 

which is used as an immunosuppressant drug for organ transplants (Devi et al., 2020). Fungal NRPs 

with anti-cancer properties include Gliotoxin (Aspergillus sp.) (Nguyen et al., 2014), Trichokonin VI 

(Trichoderma pseudokongii), Lipovelutibols B and D (T. velutinum), Culicinin D (Culicinomyces 

clavisporus), and several trichobrachins (T. longibrachiatum) (Hou et al., 2022). A great number of 

bioactive peptaibols, a subgroup of NRPs, are summarized in (Hou et al., 2022).  
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Gene clusters for secondary metabolic pathways are common in filamentous fungi. The greatest 

diversity of secondary metabolite clusters (SMCs) among non-Dikarya fungi was found in Mucorales 

species (Koczyk and Pawłowska, 2021). This includes clusters involved in polyketide-, nonribosomal 

peptide- and terpenoid synthesis (Figure 2). Considering the wide variety of SMCs present, Mucorales 

species offer great potential to possess bioactive secondary metabolites (Lebreton et al., 2019).  

 

Figure 2 Taxonomic distribution of secondary metabolite clusters (SMCs) types. Filled rectangles, clusters of this type are 
present in more than 50% of isolates of the taxon; empty shape, in less than 50% of isolates; no shape, no clusters. From 
(Koczyk and Pawłowska, 2021). 
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Discussion and Conclusion 
The present work aims to give a broad overview of fungal bioactive compounds beneficial for human 

health. The current scientific landscape surrounding bioactive compounds of fungal origin is 

extremely scattered in terms of the compounds investigated, as well as the biochemical categories in 

which these compounds are placed. In this review, major groups of fungal primary and secondary 

metabolites were investigated. The primary metabolites include proteins, polysaccharides, fats, 

polyphosphates, organic acids, nucleotides and minerals. The secondary metabolites include 

polyketides, terpenoids, shikimic acid-derived compounds and non-ribosomal proteins.  

This review further emphasises the potential of fungi as functional foods. It can be concluded fungi 

have many potential health benefits beyond their basic nutritional value, considering the multitude of 

bioactive compounds found throughout the fungal kingdom (Niego et al., 2021). In all of the 

biochemical groups investigated in this review, a wide variety of bioactive compounds were found, 

often with similar potential benefits for human health. Frequently occurring bioactivities present in 

almost all biochemical groups include antioxidant, anti-microbial, anti-cancer and immunomodulating 

activities, as well as benefits for gut-, brain- and cardiovascular health. An overview of these 

compounds together with their bioactivities is given in Figure 3.  Since most studies have investigated 

individual compounds or specific categories of compounds, it will be interesting to research the 

effects of certain combinations of compounds as it could be possible that this will lead to the 

discovery of synergistic effects between them. It is important to note that are no strict boundaries 

between the reported bioactivities. For instance, immunomodulating or antioxidant activity is often 

associated with anti-cancer or gut-protective properties, and vice-versa (Zhou et al., 2020).    

Since The Protein Brewery utilizes a Mucorales fungus for the production of Fermotein®, there was an 

additional focus on Mucorales species in this review. It can be concluded that Mucorales has great 

potential in the production of functional foods. Mucorales species offer great potential to possess 

bioactive secondary metabolites (Koczyk and Pawłowska, 2021). Moreover, they have been shown to 

possess many high-value lipid products (Dzurendova et al., 2021) as well as BAPs with ACE-inhibitory 

ability (Hang and Zhao, 2012). However, since polysaccharides are sometimes described as the most 

potent bioactive compounds from fungi, further research is needed with regards to the PS found such 

as mucoran and mucoric acid. Mucoromycota have been shown to possess a versatile metabolism 

that can be used in fermentation processes to produce high-value products in terms of their 

nutritional value and bioactivities. Further research into co-production strategies is required to 

improve the efficiency and sustainability of mucoromycota-based fermentations (Dzurendova et al., 

2022).  

Although many compounds present in fungi have been shown to possess bioactivities, their actual 

effects through dietary intake remain insufficiently investigated. This can be explained by the 

following factors. First, the fungal kingdom remains a relatively understudied group of organisms, 

even though they have the biotechnological potential for many industrial applications (Hyde et al., 

2019). This scarcity is also reflected in research on bioactive compounds from fungal origins. Most of 

the existing literature in this scientific landscape is instead focused on their plant- or animal-derived 

counterparts. This is particularly true for fungal chitosan, furan fatty acids, polyphosphates, 

nucleotides, polyketides and nonribosomal proteins. Conversely, this offers many potentials for future 

research.  

Second, even within the fungal kingdom most of the research is focused on only a handful of fungal 

species from Dikarya, all having the same characteristic of fruiting body formation. Considering the 

differences in genetic and biochemical composition between fungal taxa, as represented in figure 2, it 

is hard to make conclusions about other taxa. This is made even more difficult when considering the 
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complexity and multifactorial nature of structure-function relationships of bioactive compounds. 

Small changes in biochemical structure can have significant effects on the ability of a compound to 

elicit its proposed bioactivity (Ferreira et al., 2015).  

Thirdly, some of the bioactivities reported in this review were found in in vitro studies. Although in 

vitro studies offer valuable information regarding the potentiality of bioactive compounds, in vivo 

studies offer a more accurate picture of the bioactivity and the underlying cellular mechanisms 

involved. Continuing, even in vivo studies do not offer a complete picture considering the complex 

nature and importance of bioavailability. Bioavailability is crucial to determine the actual bioactivities 

in the human body as many barriers and biochemical reactions in the gastrointestinal tracts affect the 

bioactive potential. The bioactivity of dietary fibres, BAPs and some phenolic compounds have been 

discussed in the light of bioavailability. Their bioavailability is similar, or even enhanced by the 

biochemical reactions in the gastrointestinal tracts. However, for most of the bioactive fungal 

compounds discussed, no information regarding their bioavailability is available.  

When considering fungi as functional foods, the anti-nutritional factors present in fungi are another 

major element that is currently overlooked by many of the scientific papers reviewed. Anti-nutritional 

factors are compounds that reduce nutrient utilization and uptake. For example, dietary fibre, 

phenolic compounds, tannins and phytates are known to interfere with protein digestion which could 

decrease the bioavailability of protein and BAPs. Interactions between the biochemical components 

of fungi during digestion remain understudied. It is known that this can be influenced by processing 

methods and the type of substrate used in the fermentation process (González et al., 2020). This is 

however beyond the scope of this review. 

To conclude, fungi possess a multitude of bioactive compounds beneficial for human health. These 

could be developed into functional foods for the prevention and treatment of several diseases. There 

are many species of edible fungi and types of fungal biochemical compounds that are yet to be 

explored. Before fungi and their bioactive compound can be fully considered functional foods, further 

research is needed regarding their mechanism of action and bioavailability. This research should be 

done for each fungal species individually as different fungi have been shown to possess different 

bioactive compounds. Given the rising demand for healthier and sustainable foods, fungi offer great 

potential to play an important role in future agrifood systems.  
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Figure 3. Visual representation of bioactive compounds in the fungal cell. The figure shown is for illustration purposes only 
and is not an exact representation of a fungal cell from a specific species. The localisations for both the bioactive compounds 
in the fungal cell as well as their bioactivities in the human body should not be considered as their exact locations.  
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