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Currently, the food and agricultural sectors are concerned about environmental problems caused by raw material
waste, and they are looking for strategies to reduce the growing amount of waste disposal. Now, approaches are
being explored that could increment and provide value-added products from agricultural waste to contribute to the
circular economy and environmental protection. Edible mushrooms have been globally appreciated for their
medicinal properties and nutritional value, but during the mushroom production process nearly one-fifth of the
mushroom gets wasted. Therefore, improper disposal of mushrooms and untreated residues can cause fungal
disease. The residues of edible mushrooms, being rich in sterols, vitamin D2, amino acids, and polysaccharides,
among others, makes it underutilized waste. Most of the published literature has primarily focused on the isolation
of bioactive components of these edible mushrooms; however, utilization of waste or edible mushrooms
themselves, for the production of value-added products, has remained an overlooked area. Waste of edible
mushrooms also represents a disposal problem, but they are a rich source of important compounds, owing to their
nutritional and functional properties. Researchers have started exploiting edible mushroom by-products/waste for
value-added goods with applications in diverse fields. Bioactive compounds obtained from edible mushrooms are
being used in media production and skincare formulations. Furthermore, diverse applications from edible
mushrooms are also being explored, including the synthesis of biosorbent, biochar, edible films/coating, probiotics,

nanoparticles and cosmetic products.

edible mushrooms waste valorization food products industrial applications

| 1. Introduction

Mushrooms have long been stated as a gourmet food, especially for its subtle flavor and taste, and they have been
regarded as a culinary wonder by humankind. There are 2000 different mushrooms, out of which 25 are usually
consumed as food, and only a few are commercially grown . Mushrooms are also used as nutraceutical foods for
their high functional and nutritional value. Moreover, they have gained considerable attention due to their economic
importance as well as organoleptic and medicinal properties 8], |t is not easy to differentiate between medicinal
and edible mushrooms, as few medicinal mushrooms are edible, and many common edible mushrooms have
therapeutic potential 4. The most widely cultivated mushroom is Agaricus bisporus, followed by Flammulina
velutipes, Lentinus edodes and Pleurotus spp. The crude protein content of edible mushrooms is usually high, but
it varies greatly and is affected by factors such as species and stage of development of the mushroom &, The free
amino acid level of mushrooms is usually low, ranging from 7.14 to 12.3 mg g~ in dry edible mushrooms, and
contributes to the main flavor properties of mushrooms [8l. The essential amino acid profiles of mushrooms reveal

that the proteins are deficient in sulfur-containing amino acids, including methionine and cysteine. However, these
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edible mushrooms are comparatively rich in threonine and valine. Several vitamins such as folates, niacin and
riboflavin are found in abundance in cultivated mushrooms. Mushrooms have a higher vitamin B2 content
compared to most vegetables, making them a good vitamin source . The bioavailable form of folate in
mushrooms is folic acid &l Cultivated mushrooms also comprise vitamin B1 and vitamin C in small quantities and
traces of vitamin B12 . Edible mushrooms contain a low amount of total soluble sugars, whereas
oligosaccharides are found abundantly [£. The carbohydrate content of edible mushrooms ranges from 35 to 70%
by dry weight and varies from species to species. The fatty acid level ranges from 2 to 8% in mushrooms.
Additionally, polyunsaturated fatty acids account for 275% of total fatty acids, in contrast to saturated fatty acids,
and palmitic acid is the major saturated fatty acid 9.

Many by-products (caps, stipes, spent mushroom substrate) are produced during mushroom production, which
cause environmental pollution and increase industry management costs 11, Spent mushroom substrate (SMS)
encompasses extracellular enzymes, fungal mycelia and other substances 12. The circular economy concept of
industrial ecology is regarded as the leading principle for developing new products by using waste as a raw
material 131, From economic and environmental perspectives, the waste produced during mushroom production
often leads to massive damage to valuable organic constituents and raises severe management complications.
Thus, there is a need to exploit mushroom residues to extract valuable compounds that could be used in different
industries, such as food, cosmetics, agricultural and textile industries, as depicted in Figure 1. The current review
aims to summarize information related to edible mushrooms and discuss the utilization of edible mushrooms and

their residues as a valuable good for future industrial applications.
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Figure 1. Utilization of edible mushrooms and their residues in novel industrial products.

2. Edible Mushrooms Fortified in Ready-to-Eat and Ready-to-
Cook Foods

As the lifestyle of people is changing dramatically (due to liberalization policies, dual incomes, separate living of
couples, innovative kitchen applications, media proliferation, etc.), the demand for convenient and health-promoting
food is also increasing. Nowadays, people prefer fast and simple cooking methods instead of spending a long time
in the kitchen 14, Mushroom powder can be used in the food industry, especially in preparing baked goods (bread,
biscuits and cakes) and breakfast cereals. The supplementation of mushroom powder in bakery products
substantially increases crude fibers, minerals (calcium, copper, magnesium, manganese, potassium, phosphorus,
iron and zinc), proteins and vitamins 2. These components impart the abilities to fight tumors, lower blood
pressure and blood sugar levels, maintain cholesterol levels and improve the immune system to fight against
infection (281, Rathore et al. 17 prepared cookies fortified with Calocybe indica mushroom, and the results depicted

a decrease in starch hydrolysis and glycemic index. Wheatshiitake noodles enhanced the nutritional profile and
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reduced the glycemic index of foods 28!, The different food products developed by using mushrooms are listed in

Table 1.

Table 1. Mushrooms fortified in ready-to-eat (RTE) and ready-to-cook (RTC) foods.

Edible
Mushroom
Common
Name

Milky white

Oyster

Shiitake

Oyster

White button

Oyster

White button

Oyster

Chestnut

Oyster

Oyster

Oyster

Scientific Name

Calocybe indica

Pleurotus sajor-
caju

Lentinula edodes

Pleurotus
ostreatus

Agaricus
bisporus

Pleurotus
ostreatus

Agaricus
bisporus

Pleurotus
ostreatus

Agrocybe
aegerita

Pleurotus sajur-
caju

Pleurotus
ostreatus

Pleurotus
ostreatus

Food Product

Cookies

Biscuits

Chips

Biscuits

Ketchup

Jam

Mushroom tikki
and stuffed
mushroom

Soup

Snacks

Biscuit

Vegetable
mixture diets

Processed
cheese spreads

Beneficial Effects

Increase in protein, fiber, minerals and
-glucan, phenolic, flavonoids and
antioxidants; decrease in starch,
reduction in glycemic index

Increase in concentration of protein,
dietary fiber, ash and reduction in
carbohydrate

Improvement in quality attributes (color,
sensory evaluation)

Enhancement of nutritional quality

Increase in ash content, crude fiber,
protein, total soluble solids, and
reducing sugars; decrease in total
sugars

Increase in total soluble solids, percent

acidity and reducing sugar, decrease in
pH and non-reducing sugar

Increase in protein, dietary fiber,
antioxidant and phenolic components

Increase in nutritional value

Manipulation of glycemic
response of individuals

Increase in the mineral content

Highly acceptable, nutritious, delicious,
ready-to-eat diet

High moisture, ash and protein content,
total viable counts and spore former

Reference
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Edible
Mushroom
Common
Name

Oyster

Oyster

Oyster

White button

Oyster

White button

White jelly

Oyster

White button

Oyster

White button

Oyster

Scientific Name

Pleurotus
ostreatus

Pleurotus
ostreatus

Pleurotus sajor-
caju

Agaricus
bisporus

Pleurotus sajor-
caju

Agaricus
bisporus

Tremella
fuciformis

Pleurotus
ostreatus

Agaricus
bisporus

Pleurotus
ostreatus

Agaricus
bisporus

Pleurotus sajor-
caju

Food Product

Biscuit

Spreadable
processed
cheese

chicken patty

Pasta

Cookies

Pasta

Patty

Instant noodles

Beef burgers

Instant soup
premix

Sponge cake

Biscuit

Beneficial Effects Reference
bacteria was lower in processed
cheese supplemented with mushrooms
Higher moisture, protein, ash content,
higher hardness, darker and redder in [29]
color
Increase in total solids, protein, fibers [30]
and carbohydrates
Reduction in fat content, no change in 31
protein and B-glucan
Improved antioxidant activity, increase
moisture content, carbohydrates, [32]
decreased crude fiber, crude protein,
and fat
High protein content, low-fat content, [33]

high fiber, minerals and vitamin content

Decrease in the extent of starch
degradation, increase in total phenolic 241
content and antioxidant capacities

Oil holding capacity of mushroom has a
positive effect on cooking yield of patty 23]
as well as senses

Increase in protein and fiber content 28]
Reduction in the fat content of beef [37]
burgers
Rich in protein, crude fiber, minerals
and low in fat, carbohydrate and energy 8]
value
Increase in apparent viscosity, volume, [39]

springiness and cohesiveness values

Reduction in starch pasting viscosities,
starch gelatinization enthalpy value, [16]
increases in protein, crude fiber and
mineral content
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Edible
Mushroom L L.
ushroo Scientific Name Food Product Beneficial Effects Reference
Common
Name
Shiitake Lentinula edodes Noodles Imprgvement n nutrlthngl profile and (18]
reduction in the glycemic index of foods
King tuber Pleurotqs tuber- Cookies Higher protem, as.h, crude fl.ber, water- [40]
regium soluble vitamins and minerals
uman
Oyster Pleurotus Noodles Lower level of carpohydrate, fat, and [41]
ostreatus sodium
King trumpet Pleurotus eryngii Sponge cake Increase in ash and proteincontent [42)
Agaricus
White button, bisporus,
Shitake, Lentinula Pasta High firmness and tensile strength 421 H
Porcini edodes, Boletus
edulis

4. Guillamon, E.; Garcia-Lafuente, A.; Lozano, M.; D’Arrigo, M.; Rostagno, M.A.; Villares, A.;
Martinez, J.A. Edible mushrooms: Role in the prevention of cardiovascular diseases. Fitoterapia
2010, 81, 715-723.

IS.%bn%\ng.;eDMs r%ﬂ@g rpo%rga %r? %J:nil!mosnlaﬁ: s%%gsnoggdible wild mushroom from
Edl[}lgrmﬂ%{)gﬁ%as E%Oﬂmmgyérslgﬁ’&ie%%?r%ﬁ%é‘d surface to extend their shelf-life and preserve their

lgaliagafungionRlishrodrmacties) angriewrasst Ehdihe TeDapigalstength and barrier properties of these

edible films provide sufficient strength to withstand stress while handlin(% These films have a promising application

7. Mattila, P.; Konko, K.; Euvola, M.; Pihlava, J.; Astola, J.; Vahteristo, L. Contents of vitamins, =~
in the agricultural, food and pharmaceutical industries. Mushrooms and their residues have many applications in

mineral elements and some phenolic compound in cultivated mushrooms. J. Agric, Food Chem.
food industries, but significantly fewer studies have been conducted in regards to~ edible film/coatings.

2001, 42, 2449-2453. _ _ . .
Polysaccharides extracted/derived from edible mushrooms are extensively used in functional foods,

heotitiosdtidaid. ahieinutMdéLitiPaerssn|n) ivs; BijledNEdb&icaiaitahiliys i dined deta s andimamicrationah
mubasbimading effestgmathiadahlseassay. J. Nutr. 1991, 121, 445-453.

9. Bano, Z.; Rajarathnam, S. Pleurotus mushrooms. Part Il. Chemical composition, nutritional value,
Moreover, layer-by-layer ﬁLbL) electrostatic deposition is used to prepare edible coatings applied to fruit bars. The
post-harvest Physm ogy, preservation, and role as human food. Crit. Rev. Food Sci. Nutr. 1988,

application of edible mushroom coatings/films has increased the antioxidant capacity, ascorbic acid content, fungal

, 87—158. . . - 46 o |
growth prevention and firmness during storage. Additionally, Du et al. 48 developed edible films using Flammulina

1| Rineinagy BccRinides, Whish Anciiadeabitib; Bapiigtabartd wiadentqor, Mddatly leciescemnpsitioatafreak
valieschadibighBstsdisienas SpreiRs fdeonganativel Jackadiiginohenes ) T2, 188 29ndRdible films and

1‘19%%93&33}'@;fmgrénéi,stgf);%sdfiq, O.; Morais, A.M.M.B.; Freitas, A.C.; Ferreira, I.C.F.R.; Pintado, M.
Valorization of mushroom bg-products as a source of value-added compounds and potential

Table 2. Mushrooms and their residue-based edible film/coatings.
applications. Molecules 2020, 25, 2672.

12. Lim, S.-H.; Lee, Y.-H.; Kang, H.-W. Efficient recovery of lignocellulolytic enzymes of spent
mushroom compost from oyster mushrooms, Pleurotus spp., and potential use in dye

decolorization. Mycobiology 2013, 41, 214-220.
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1 Edible o Product o Iring
Mushrooms Scientific Name Used Compounds Key Findings References
Common Name
1 Increased antioxidant ble
. Agaricus Fruit . capacity, ascorbic acid [45]
White button bisporus bars Chitosan content, fungal growth 2017, 4,

prevention and firmness

1 Enhance fruit firmness, oducts:
Agari Fresh- inhibit off-flavors and
White button ga cus cut Chitosan reduce the microbial [47]
bisporus
melons counts (up to 4 log CFU
1 g ). 1 oyster
terfering
. High tensile strength,
Velvet shank Fi/aer:Lrgugga ND Polysaccharide barrier property to water [46] 3-368.
1 P vapor and oxygen
Lentinula Highest tensile strength
Shiitake, Velvet edodes, Insoluble dietary 9 . .g 48]
. ND . and an effective barrier to
shank Flammulina fibers
! water vapor
velutipes
1
Plelrotus Significant barrier -ood
Indian oyster . ND Flour properties and [49]
pulmonarius

mechanical strength
19. Prodhan, U.K.; Linkon, K.M.M.R.; Al-Amin, M.F.; Alam, M.J. Development and quality evaluation
of mushroom (Pleurotus sajor-caju) enriched biscuits. Emir. J. Food Agric. 2015, 27, 542-547.

20DRent defifeah CEY-HicadNShennGunDuan, X. Effect of various pretreatments on quality attributes of
vacuum-fried shiitake mushroom chips. J. Food Qual. 2018, 2018, 4510126.

4. Mushrooms asa.Souice-0f Prebiotics-tarfkaad,viional and
Séﬂmlﬁm@ﬂmaortiﬁed with mushroom. Food Sci. Nutr. 2015, 3, 363—369.

221 <eBmlrkpiidRaYs A REMEIPPTBENt R shelfdifr & V@Hat R ME tamaiar WA o8 M MR KeSC R HRice
trigcERRE 2% J18681RAbILILBI %3 1R 36rRRAshiome. A diet rich in fibers acts as a substrate for microbes and
I RARERPCPITe5aYN) U RRERPIR: TARINOR PRI ANSTdhfapySeHisvRiIbATeRtBaRd g RdNtraintaining
enesg NS AHTRAANE RIS SRP biShalsy JAHSNESRRY 8IS, TRADIS Hbep empousgs 1 parfigularly a

small amount of glucans (chitin and galactomannans) and non-starch glucans, favoring the proliferation of
2 e hRRRA b RSN, Dol RN Q B Rkl E - NAJREAD RertNa'KeSis NaloRs 521 The
supp RV AR LAY RYAIRLRTR Oh WANEE RUBRRD YT EORR, a6 A RRa5KS b3 PP EReR FRRRACk,
syn%szeQible]ffeggsA'On the immune response, performance and serum lipids in broiler chickens B2l The blend of
25 eNtitajang Sroldwtts/alEiis Pemeticial, ledaffezobffincynetyiatiorftscs optiean dmefufrétiofqal Dvatrigbaa P2
congndte esshydyraperiesrofaribshetiects-niotiegay ssymple menite 8 lheraits eyopi Faod PetbNtit), ZONE)ii

mughred@-&KE L actobacillus plantarum (as a probiotic), alone as well as in combination, on the innate immune

res%onse, growth and protection against Aeromonas hydrophila. The results showed stimulation in growth,
26. Brennan, M.A.; Derbyshire, E.; Tiwari, B.K.; Brennan, C.S. Enrichment of extruded snack

products with coproducts from chestnut mushroom (Agrocybe aegerita) production: Interactions
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imnid@rtityeendditdesye | bedisiaingsi coeiremital geharaterstitsTabiel gliissnstadeadofldifigrat Fasdrdmsnand
dief201 il Ma86tidith probiotics.

27. Bello, M.: Oluwamukomi, M.O.; Enujiugha, V.N. Nutrient composition and sensory properties of
Table 3. Ap Ilcatlons 0 musmooms as pret”otl S. P y prop

biscuit from mushroom-wheat composite flours. Arch. Curr. Res. Int. 2017, 9, 1-11.

Edible
Mushrooms Scientific Probiotic Used MleLr‘r‘o%frr\ Applications References
Common Name PP 2017, 6,
Used
Name
Lowered total cholesterol,
2 LDL cholesterol, IS

Probiotics mixture

White button Agarlcus (Protexin 6 x Powder tnglyc_endg concentrations, (50] 2019,
bisporus 7 1 oxidative stress and
10'CFU gm™) - .
dyslipidemia in
hypercholesterolemic rats
2 2adable
Ehhancement in t.he. 075—
Lactobacill survival rate of probiotics
Wood . . -actobactits toabout 0.43 and 0.51 log
, Auricularia acidophilus La-5, 1. [55]
ear/Jew’'s . o . Extract CFU g™; improved
3 auricula Bifidobacterium . : Iroom-
N ear o probiotic protection and
bifidum Bb-12 . .
functional properties of
symbiotic yogurt
3 _ aroom:
Improvement in the meat
Agaricus Saccharomyces LRI
White button g . y Powder incorporation of mushroom [56]
2 bisporus cerevisiae L .
‘— and probiotics in the broiler
diet ajor_
. Increase in neutrophil
Oyster Plgurotqs Lactobacillus Powder count in rats, decrease in [57]
2 sajor-caju fermentum OVL 1
< lymphocyte count
PrimaLac I
(Lactobacillus
. acidophilus, Decrease in abdominal fat .
- Pleurotus Lactobacillus casei, on the carcass, increase in 53] vhite
Oyster - . Powder .
ostreatus Bifidobacterium HDL concentration in d
bifidium, plasma
Enterococcus
faecium)
3 5
Spent Increase in the specific 13521.
. Cordyceps Lactobacillus growth rate, weight gain, 58]
Caterpillar Lo mushroom . S
3 militaris plantarum final weight in fish fed treras-
Y substrate :
supplemented diets
incer
Shiitake Lentinus 1.0 x108 CFU Extract No weight gain in broiler [59]
edodes g~}(Lactobacillus chickens
3 acidophilus, o g

oyster mushroom powder. Mushroom Res. 2019, 28, 65-69.
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= Edible K
. . Form of ge cake
Mushrooms Scientific L L
Common Name Probiotic Used  Mushroom Applications References
Used
Name
Lactobacillus casei, ‘el
Bifidobacterium dible
bifdium,
Enterococcus
faecium
4 ) 100dles
. Pleurotus Lactobacillus . Grow?h st|mul'?1t|on, [52] 37-42.
King oyster . Powder immunity and disease
eryngii plantarum . .
4 resistance »eryngl

mushroom powders. J. Korean Soc. Food Sci. Nutr. 2004, 33, 716—-722.

4D IL-uH ot dB re iy o pebiBin S Biventhidh détasgip&pidis@snan, C.S. How the inclusion of mushroom
powder can affect the physicochemical characteristics of pasta. Int. J. Food Sci. Technol. 2016,

| 5L Etibie€Mushrooms Based Media

44. Kumar, H.; Bhardwaj, K.; Sharma, R.; Nepovimova, E.; Kuc€a, K.; Dhanjal, D.S.; Kumar, D. Fruit

NOﬂﬁ%a%dﬁtﬁiﬂ[@%‘éQFQPBﬁﬂif}%iFoW%PHT@?{anﬂHQ'ﬁtBFﬁéﬁﬁi‘ﬂﬁaﬁ}\iﬁj{émﬁeﬁw&F‘?HBE%E‘HEMBBHE%Bn[és_o.]- Al
themmgwg'gab@zﬁl,Ztg’ezgfﬁc'—:-ssing occurs on a substrate made up of lignocellulose materials (corncobs,

sawdust, rye, rice straw and wheat) either alone or in combination with supplements to address nutritional

4(?91‘@-&%%'55[@@. gdr%lt%Hcgéﬁmg)MQ@ gkgochsgf\]/réjls MHW& z;lr_ by\é%)oqlcpof ﬁ\ggﬁr\éo}é;hgrvest and
cutBHHERBY: E'Rdqumtﬂr(%rhéﬁr'lmél%f\ﬁéQ:Igrmfgeg%dhfiﬁH%%l]&uwotﬁargs?ﬁ?qLﬁﬁél?wltg,mgﬁ%%llutes
thea&m&%ﬁgrgq*t Pﬁdl%p‘érlgoé?gc;%dz%%SWg&e1@[@—5}.1$ﬁ713, further treatment and utilization of SMS are

4sspitiaH DHered. yvaa@f wdibRrenushicimatane their B SNazhzeen Ue\ieloindieae: |pygsRichiewiicaledia
for gapae haiteitivrphplidrfiorant oriereereanismsdidierinulina velutipes polysaccharide-based edible

films. Carbohydr. Polym. 2016, 152, 214-221.
Table 4. Mushrooms and their residue-based media.
47. Poverenov, E.; Arnon-Rips, H.; Zaitsey, Y.; Bar, V.; Danay, O.; Horev, B.; Rodov, V. Potential of

Edible d

Scientific . . .-
Mushrooms Name Media Composition Purpose/Utilization References
Common Name
. h . . [
4 Flammulina Spent mus _room Growing media for tomato and [66] dle film
Velvet shank . substrate, perlite, and .
velutipes - cucumber seedlings ely
vermiculite
Agaricus Spent mushroom
4 White button, bisporus, Substrate and Growing media for tomato, 67] Ishroom
Oyster Pleurotus ' courgette and pepper
Sphagnum peat of
ostreatus
Flammulina Spent mushroom Growing media for honeydew
£ Velvet shank . substrate, and chicken 9 y [68] shroom,
velutipes melon
manure compost
Velvet shank Flammulina Spent mushroom Production media for Bacillus [69] . Int. J.
velutipes substrate, calcium thuringiensis
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£ Edible s
Mushrooms S Media Composition Purpose/Utilization References
Name 1gii
Common Name
carbonate, wheat bran,
and yeast extract and
5 inorganic salts 2ryngii)
Ovster Pleurotusf Spent mushroom Production media for [70]
y lorida substrate lignocellulolytic enzymes 1427—
Pleurotus Spent mushroom Production media for [74]
Oyster .
o ostreatus substrate Lactococcus lactis IS
Pleurotus SRS U Biopesticide (Trichoderma [72] of male
Oyster substrate, paddy straw,
ostreatus asperellum) development
and soybean cake
:: .
N Spent mushroom Growing media for Chinese (73] lucing
ND ND
substrate and peat moss kale
5 Spent mushroom . . sula
ND ND substrate, perlite, and Growing medl'a forlettuce 4]
o seedlings Bb-12
vermiculite
54—
subitp:ig mgﬁg:;c;r?ice Production media for
ND ND )17 .' arachidonic acid by Mortierella (3]
c full-fat soybean, and rice ;
< sp. otics
bran
. 2019,
Spent mushroom Production media for
ND ND substrate, and poultry solubilizationphosphate by (26l
5 cooked bones Bacillus megaterium sajor-

caju diets and orogastrically dosed with probiotic Lactobacillus fermentum Ovl. Int. J. Probiotics
Prebiotics 2007, 2, 39-42.

58D Vanieanedd.; Hoseinifar, S.H.; Dawood, M.A.; Chitmanat, C.; Tayyamath, K. Effects of Cordyceps
militaris spent mushroom substrate and Lactobacillus plantarum on mucosal, serum immunology
I 6nc@a>m]éem“gﬁfawglaﬂéﬁ{féﬂrmlagleﬂcbséﬁtsg Shellfish Immunol. 2017, 70,
87-94.
SRIORHIRO WP 12 PISAGTAMHEAT & SSTPATARRHS ¥R UPRRH AU LR RIS R BhoTdt e a?é*?%egii%?f
ACHTRKD BB POSCHIBRE SRR mtiBr ShHly PEBIDECLCFONReEERYHGY, 9608 3% gsgRjution =

This mechanism has gained significant attention among researchers because of its ability to immobilize heavy

€ReBRCGRcH Bin YBRHFIRELING wefesa HENVARY RIABR) A PRI IS TRERIIAM I AR industries

anoBﬁﬁ)qule&bc%QQn& 1r?0%g§'re%.3\/gr90%_s2ﬁlr§(:esses that explain the mechanism of how these biosorbents function
on. ZmanioReellutaintx e FeriebseGhOstaattia Higmess uttvmin sempertiuandSeyrsalk tratenal groups
(anBieseanline eCTEEhdbIcaooRy| 3P dppl. 2g4onate, sulfhydryl, phosphate and phenolic groups) are attached to
these biosorbents to sequestrate contaminants A8 various studies were done to produce biosorbents from
62. Sanchez, J.E.; Royse, D.J. Scytalidium thermophilum- colonized grain, corncobs and chopped
edible mushrooms fo remove metal ions and d%/_es from an aqueous solution, as shown in Table 5.
wheat straw substrates for the production of Agaricus bisporus. Bioresour. Technol. 2009, 100,

1670-1674.
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6 ibe i pesitobimRierded . big Jeelsamts ahdRthbin papticftioamposting strategies on the treatment of soils

contaminated with organic pollutants. Environ. Pollut. 2001, 112, 269-283.

Edible Drying

€ Mushrooms Scientific Name Temperature/Time Applications References mpost.
Common Name
Showed 100% removal of Fe?*
Oyster Pleurotus florida RT/24 h W ° v [zl
€ from the water sample in
AaErE Successfully biosorbed Reactive
: o -4 [80] .
¢  White button bisporus 80 °C/24 h Blue 49 iye (1.85 x 10~* mol 1edia for
g™) from water
P . Showed greater adsorption
€ Oyster eurots 40 °C/24 h against Pb2*(85.91 mg g™1) in B Hm
ostreatus
Oyster Pleurotus 60 °C/24 h Biosorbed 3.8 mg g ! of Cd?* [82]
ostreatus
€ lew
Pleurotus Adsorbed methylene blue (82.81
and 38.47 mg g™1) and for
Oyster, Black ostreatus, RT/4 days . gg™) (83]
€ morels Morchella malachite green (64.13 and &
conica 39.28 mg g™} _
is by
- i Maximum removal capacity
Velvet shank am”?“ na 60 °C/24 h against copper ions was 15.56 [84]
_ velutipes -1 .
/ mg g .; Singh,
. . . . f
. Lentinula ) Maximum absorption against [85]
Sl edodes A el Congo red was 217.86 mg g1 L73—
Pleurotus Showed maximum biosorption
- ° against uranium ion (19.95 m (861
7 Oyster ostreatus 78rclagh : by ( g hroom
sllulase
Pleurotus R Showed maximum biosorption 87]
Oyster ostreatus 80 “C/ND against Ni2* (20.71 mg g1)
! Showed [ bi ti 2ddy
. . . owed maximum biosorption [88]
King trumpet Pleurotus eryngii 60 °C/24 h against Pb2* (3.30 mg g% Jbstrate
Maximum biosorption against
v malachite green (40.65 mg g™1),
/ Lingzhi Ganoderma 60 °C/72 h lite green ( ngg) B 2
lucidum safranine T (33.00 mg g™), and Id
methylene (22.37 mg g™1) Norld J.
King trumpet Pleurotus eryngii 60 °C/24 h Removed 88.38% of NO3~ [20]

i ~
/—r. iUy iUy /Uy Taleay YTy ENadmay T IQTTY T By T IAU, Ul Ty 1 UL W/ N DDLU TTTUDT T VUVULTE DUNMOILLL AL D aS

component of growing media for lettuce seedlings. In Proceedings of the 4th International
Conference on Agricultural and Biological Sciences, Hangzhou, China, 26—-29 June 2018; Volume

185, p. 012016.
RT—room temperature; ND—not defined.
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thﬁdﬂb{@l\ﬂbﬁgﬂﬁgdm@@mnve@l&a@ha}g K. Efficient production of

arachidonic acid of Mortierella sp. by solid-state fermentation using combinatorial medium with

Biogpairie i GSthtootArReib St Re!ic REparpapy Ater@oghepggbdengpgposition or pyrolysis of organic material at

7hGigh temperatures inl\?n %nae_hob'iai: egvironmentM[ﬂ]C'II:]he_ higrlw(ly p£r()§15|_sdtructure peirrBi_tl_s the extra(t:)tion ofbhurlgic
. ciszklewicz, M.; eld, A.; Samoraj, M.; ojnacka, K. Solid-state solublilization of bone .
andWIvac—%he substances ﬁom biochar @? la—lbrthermore!rllts molecular structure emonstratesqugL mljgro%la and

megaterjum | ent mushroom substrate as a. medium for a phosphate enriched substrate. J.
chem?c sta!)Lljlm @%ng pr}ls?cal and c%emlcaal properties depend on s veraPtl;ctors suc% ast el?eedastock form,

%hem._TechnoI Biotechpol. 2017, 92, 1397 2 wi :

residence time, pyrolysis and furnace terhperature . A'wide range of common raw materials are used as the

Trée@aokk Nindudind . AEoparkipd, Mordénecp aststpsesanht arediflutisreatie npsutifybiosorptio 2 Bitheckiwhental
conbjiogitioaesfshibaigy 2@h6ral iiBf+eE32carbon, nitrogen, hydrogen and, to a lesser extent, K, Ca, Na and Mg
[%] . . ~ . . . .pe . . . .

75, ARG ISCABBI, A RO & BB aReal Sl SR ARG AR roanie
o ST AR BRSSBHSH S R AL BN S =201, 8128 Ju4gg: have reported on biochar productior
from a variety of edible mushrooms and their spent substrates (Table 6).

79. Menaga, D.; Rajakumar, S.; Ayyasamy, P.M. Spent mushroom substrate: A crucial biosorbent for

Talifessr amoicatiofidefrbiashao ddrioan Goou nadsiaterms NndppdirSesiR@a1, 3, 32.

n Ao O T o D vl AN o I aviinal, 7 o A rilaa P . Ao T Dimmmvimtimnn ~f vmamaabtinia Lllioa 1N Ao e
€ - Process and under
Sl Conditions and
Mushrooms Scientific Name ired f Applications References
Common Name . Require or
Biochar Formation
& Pleurotus
- ostreatus, Pyrolysis at 700 °C Adsorbed 326mg g~* and 398mg [99]
Oyster, Shiitake Lentinula for2h g1 of lead Pb(Il) from the water
edodes
, Showed maximal adsorption ion of
8 . . Ganoderma Pyrolysis at 650 °C . o P 1 100 ptian o
Lingzhi lucidum for 2 h against Pb2™ (262.76 mg g™)
and Cd?* (75.82 mg g™)
Showed maximal adsorption
€ White button Agaricus Pyrolysis at 750 °C ~ against Cu?*(65.2 mg g™1), Cd?* [101] ), 7,
bisporus for 3 h (76.3 mg g71), and Zn2*(44.4 mg
g™1) in water
e om
Showed maximal adsorption
N NS Pyrolysis at 300 °C  against Ph2* (21.0 mg g%), Cu?* [102] -8075.
e for 90 min (18.8 mg g™1), Cd®*(11.2 mgg™) ) ¢
and Ni2*(9.8 mg g™1) in water tion o
15103.
Pvrolvsis at 450 °C Showed maximal adsorption
8 ND ND yro y?ésr Z i against crystal violet (1057mg 103 ristics of
~1) in wastewater
g7 In wastew 2ollut.
Pvrolvsis at 500 °C Showed maximal adsorption
ND ND yro ny|s g . against fluoride (36.5 mg g71) in 104
g o water sorption

of Ni(ll) lons from aqueous solution onto a tungus Pleurotus ostreatus. Desalin. Wwater Ireat.
2016, 57, 7209-7218.

ND—not defined.
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$.8rEdible Mushrooms: DerivedNanoparticlese(NPs) of toxic Pb(l)
ions from aqueous system on a fixed-bed column of fungal biosorbent. Geol. Ecol. Landsc. 2018,
The high_cpncentrations of extracellular enzymes serve as bio-reducing and stabilizing agents for NP synthesis.

NPs made from mushrooms are of better quality than those made from bacteria. Metal NPs s gnthesized using
0

W Zh T.; Chen n X. hen, Y.; Xia, A.; Wan
8cgonst|l'[JueJnts su%ﬂ%s enzcilmees and meta%oll'tesS suecrefe%il)y mus’h%or% cell$ relguce theatlo>gC|ty gubstances (205]

1pubstrate of ?anodorma qudumas? new hio- aglsorbent or adsor tion of three tggl cW
he use Ps Is rlsm%6 espemay |n biomedicine and ph arma euticals, becau elr unlque

Bjoresour. Technol. 2018 _ _ .
physfcochemlca propert%s. in te ottom -up approach, biogenic NPs are synthesized, resulting in

Sfromsiconao diadp wnaFast a8 aheunhidhg Bttt &hél pBsedse tivd. hbiBtatisticié&bssethiad atoigyniahdiosd ptionct
4] ofiniteate N@@+H)inlem tidmneejaieols Isolytieerbyebinpedusiayegiafingat dilbenasshiviods)| ak dsted in
Tab®y®t. Environ. 2017, 3, 1101-1112.

91. unroe, P.; Jose en Ziolkowski, A. Water extractable organic carbon in
Tabe7 I\/Iu room-derive ﬁopartlcﬁs gtﬁelr apphcat(l)ons g

untreated and chemlcal treated biochars. Chemosphere 2012, 87, 151-157.

¢ Edible
“Mushrooms Scientific
Common Name
Name

Types of
Nanoparticles
Synthesized

nges in
008,

Reaction

TemperaturelTimeMorph(’Iogy Size  Applications References

Antibacterial
activity against L.:
Enterobacter !
aerogens; . J. Soill
Antioxidant
White Agaricus . 2-10 activity using 107
button bisporus Copper RT/24h Spherical nm DPPH, and e
ABTS; Anti- )am-
cancer activity
against cancer
cell lines SW620
(colon cancer)

({e]

«

«

1 soil.
Antioxidant S0

Brown Pleurotus R activity using 108
oyster cystidiosus cod et ND ND DPPH, and

ABTS har

«

Oyster Pleurotus Gold 70 °C/1.5 h Spherical 214 Anti-cancer (109] . 2015,
florida nm activity against
cancer cell lines
A-549 (Human I
lung carcinoma), old
K-562 (Hgman ad
chronic
myelogenous
leukemia bone
marrow), HelLa ),
(Human cervix)
and MDA-MB
(Human

«

«

99. Wu, Q.; Xian, Y.; He, Z.; Zhang, Q.; Wu, J.; Ynag, G.; Zhang, X.; Qi, H.; Ma, J.; Xiao, Y.; et al.
Adsorption characteristics of Pb(ll) using biochar derived from spent mushroom substrate. Sci
Rep. 2019, 9, 15999.
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Edible
Mushrooms Scientific
Common Name
Name
Pleurotus
Oyster Hrotd
ostreatus
Pleurotus
Oyster ‘u u
sajor-caju
Pleurotus
King tuber tuber-
regium
PI
Oyster eurotus
ostreatus
Lingzhi Ganqderma
lucidum

Types of
Nanoparticles
Synthesized

Gold

Gold

Selenium

Silver

Silver

Reaction

Temperature/Time

29°C/24 h

RT/12 h

RT/24 h

25°C/48 h

ND/ND

Spherical

Spherical

Spherical

Spherical

Spherical

Morphology Size

22.9
nm

16—
18
nm

91-
102
nm

17.5
nm

15—
22
nm

1.

Applications References,

adenocarcinoma
mammary gland)

Antioxidant
activity using
DPPH, and
ABTS

Anti-cancer
activity against
cancer cell lines
HCT-116 (colon
cancer)

Anti-cancer
activity against
gastric
adenocarcinoma
AGS

Anti-cancer
activity against
cancer cell lines
HepG2 (human
liver) and MCF-7
(breast)

Antioxidant
activity using
DPPH;
Antibacterial
activity against
Staphylococcus
aureus,
Enterococcus
hirae, Bacillus
cereus,
Escherichia coli,
Pseudomonas
aeruginosa,
Legionella
pneumophila
subsp.
Pneumophila;
and antifungal
activity against
Candida albicans

108

110

112

zn(ll),
M

S

ic dye-

from
esalin

; of
mun.

xdible

Photo-

110. Chaturvedi, V.K.; Yadav, N.; Rai, N.K.; Abd Ellah, N.H.; Bohara, R.A.; Rehan, |.F.; Marraiki, N.;
Batiha, G.E.S.; Hetta, H.F.; Singh, M.P. Pleurotus sajor-caju-mediated synthesis of silver and gold

nanoparticles active against colon cancer cell lines: A new era of Herbonanoceutics. Molecules

2020, 25, 3091.

111. Zeng, D.; Zhao, J.; Luk, K.H.; Cheung, S.T.; Wong, K.H.; Chen, T. Potentiation of in vivo anti-
cancer efficacy of selenium nanoparticles by mushroom polysaccharides surface decoration. J.
Agric. Food Chem. 2019, 67, 2865—2876.
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11 Edible
Mushrooms
Common
Name
11 Matsutake
Milky
11 white,
Oyster,
White
button,
Lingzhi
11
11
Pink oyster
11
11
Pink oyster
11
12
12

Scientific
Name

Tricholoma
matsutake

Calocybe
indica,
Pleurotus
ostreatus,
Agaricu
shisporus,

Ganoderma

lucidum

Pleurotus
djamor

Pleurotus
djamor

Types of
Nanoparticles
Synthesized

Silver

Silver

Titanium
oxide

Zinc oxide

Reaction
Temperature/Time

RT/30 min

RT/12 h

RT/20 min

RT/24 h

Morphology Size

10—
70
nm

Spherical

100
nm

Spherical

31

Spherical am

74.36
nm

Sphere

Applications

Antibacterial
activity against
Bacillus cereus,
Escherichia coli

Antibacterial
activity against
Staphylococcus

aureus

Antibacterial
activity against
Corynebacterium
diphtheria,
Pseudomonas
fluorescens, and
Staphylococcus
aureus; Anti-
cancer activity
against cancer
cell lines A-549
(Human lung
carcinoma);
larval toxicity
against Aedes
aegypti, Culex
quinquefasciatus

Antioxidant
activity using
DPPH, ABTS,

and H202; larval
toxicity against
Aedes aegypti,
Culex
quinquefasciatus;
Antibacterial
activity against
Corynebacterium
diphtheria,
Pseudomonas
fluorescens, and

hroom
References
[114]
1S. J.
lver
[115] ind B.
nd
, 55—
san, A.;
extract:
), 1-
[116]
ical
vicidal,
[117]
0_
or Cre+
)ts for
ots

derived from Volvariella volvacea mushroom for a highly sensitive aetecuon or re3+ and Pb2+
ions in aqueous solutions. Chemosensors 2020, 8, 47.

122. Yang, Y.; Liu, M.; Wang, Y.; Wang, S.; Miao, H.; Yang, L. Carbon dots derived from fungus for

sensing hyaluronic acid and hyaluronidase. Sens. Actuators B Chem. 2017, 251, 503-508.

123. Millikan, L.E. Cosmetology, cosmetics, cosmeceuticals: Definitions and regulations. Clin.
Dermatol. 2001, 19, 371-374.

https://encyclopedia.pub/entry/10512

15/17



Potential Usage of Edible Mushrooms | Encyclopedia.pub

12 Edible N Types of . sin
TGRS L Nanoparticles el Morpholo Size  Applications References
Common Name part Temperature/Time P 9y pp
N Synthesized
ame
12 Staphylococcus Vers.

aureus

126. Camassola, M. Mushrooms-the incredible factory for enzymes and metabolites productions.
RTtroom Eerzﬂgghaﬁ%rle;za%—aot defined; DPPH-2,2-diphenyl-1-picrylhydrazyl-hydrate; ABTS-2,2’-azino-bis(3-

ermen
ethylbenzothiazoline-6-sulfonic acid).
127. Taofig, O.; Heleno, S.A.; Calhelha, R.C.; Alves, M.J.; Barros, L.; Barreiro, M.F.; Gonzalez-
aramg Mg EFerrgira, 1.C.E.R. Qavelopment gimughroom:Rased cosmeceutical formulations
| 9 E?:ﬁm MUS rqqmsDﬁeﬁo red Car onbﬂo‘fsf .
with anti-inflammatory, anti-tyrosinase, antioxidant, and antibacterial properties. Molecules 2016,

Cal%il)n Jo%?sz(CDs), photoluminescent substances with a size of less than 10 nm, can be synthesized by top-down
12@dTheifinOP, #peKenc)s. K. Chthisid oRNGYMiteds rantg. inBelMessalcortiny anszsrthatissennalingn; a broad
carpesr&liveture 5. Rrofrere daersn b pieeiooxidation. eieithessistracesensitsivexitetomrediients ibiesisiedt”
Ho@iveiul o he!tbeyidn @y eagitivhighbeatiesitonFdact T ArintRiixipoRroducrs 108eaB QL thg chemicals, is

superior corR[partt)ad to the top-down approach. Proteins, carbohydrates, lipids, lignin and cellulose are all abundant

129. Gupta, N.; Dubey, A.; Prasad, P,; Rog/, M. Formulation and evaluation of herbal fairness cream
in biological materials. Edible mushrooms are relatively inexpensive_and contain various chemical constituents

comprising hydroalcoholic extracts of Pleurotus ostreatus, Gl%cyrrhiza gla_bra and Camellia
such as carbon, o>‘<]yg|§n, phosphorus and nitrogen, often depicted as cafboxyl and amine groups. The presence of

cargg)rﬂ]?/grsa{tsésyaKmmo Qgérsr]'poigssgéd%gi]a%s?éi#% acid, flavonoids, lipids, vitamins and proteins make them ideal

130r idapsasydipidyia, B2 ATDIN havE crisoukroom amdgivahsstian ofcaniieadappiaaddysosidaseeiahibitoayge
syseffestificnndige heastpinificatior, padiognatetviBleomptnsiasiiemiasrexstach. dntl KedVigthofsiamd Riminkise
det@€libd, iR fdadTasie.8).

131. Lourith, N.; Punggrom, S.; Kanlayavattanakul, M. Formulation and efficacy evaluation of the safe
Table 8. Mushrooms as a carbon source’for preparing carbon dots.

and efficient moisturizing snow mushroom hand sanitizer. J. Cosmet. Dermatol. 2021, 20, 554—

Edible
Mushrooms  Scientific Production Abblications References
12 common Name Conditions PP r-

Name
Selective sensitivity for Pb2*:
Antibacterial activity against

Pleurotus Hydrothermal/120 Staphylococcus aureus, Klebsiella 118
Oyster .
sp. °Cl4 h pneumoniae and Pseudomonas

aeruginosa; Anti-cancer activity against
breast cancer cells (MDA-MB-231)

Velvet shank Flammulina Hydrothermal/250 Sensed Cr®* with a limit of detection [119]
velutipes °Cl/4 h 0.73 uM and volatile organic compounds
Oyster Pleurotu Hydrc‘)JthermaI/ZOO Sensed nitroarenes in water samples 120]
ssp. C/25h
i Sensed Pb? with limit of detection 12 nM
Paddy straw Volvariella HydroothermaI/ZOO 0 [121]
volvacea C/25h and for Fe°* 16 nM
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Edible
Mushrooms  Scientific Production L
Common Name Conditions SRpEC e peienee
Name
Hydrothermal/200 Sensed hyaluronic acid and 122
ND ND .
°Cl6 h hyaluronidase

ND—not defined.

| 10. Edible Mushrooms Based Skin Care Formulations

Cosmetics are personal care products that are used to cleanse and beautify the skin [123] The demand for
cosmetics containing natural ingredients is increasing due to their organic, healthier and environmentally friendly
characteristics 224, Lentinan, carotenoids, ceramides, schizophyllan and w-3, w-6 and w-9 fatty acids as well as
resveratrol obtained from macro fungi, especially mushrooms, are now paving their way into cosmetics [125][126]
These are reported to treat beauty issues such as fine lines, wrinkles, uneven tone and texture due to the
antioxidant and anti-inflammatory traits. There are few studies where edible mushrooms are used in skincare

formulations, as compiled in Table 9.

Table 9. Mushroom-based skincare formulations.

Edible Mushroom R Pr t L
dible Mushrooms Scientific Name oduc Applications References
Common Name Base
. Agaricus bisporus Anti-inflammatory; anti-
White button, g P ' . - 127
. Pleurotus ostreatus, Cream tyrosinase; antioxidant and
Oyster, Shiitake ; . . .
Lentinula edodes antibacterial activity
. . . Anti-tyrosinase; antioxidant an
Lingzhi Ganoderma lucidum Cream ICEIER S LIRS EISEE [128]
antibacterial activity
Oyster Pleurotus ostreatus Cream Skin fairness [129]
Anti-tyrosinase; antioxidant
Oyster Pleurotus ostreatus Gel y o 130]
activity
Show Tremella fuciformis Gel Hand sanitizer 131
White button, Agaricus bisporus, Cream Anti-tyrosinase; antioxidant and [132]
Oyster Pleurotus ostreatus antibacterial activity
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