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Species

M. gigantea

M. crassa

M. titans

Substrate

castanopsis sawdust, bark compost with wheat
bran, broad-leaved sawdust (Japanese knotweed,
Taiwanese alder, ginnem): rice bran: husuma =
805055 (volume ratio)

rubber sawdust, rice bran, CaCO3, gypsum
and MgSO,

Bajra, wheat, maize grains and paddy straw
(wheat and paddy straw are used for the
spore preparation)

agricultural wastes such as paddy straw,
wheat straw, and maize cobs

paddy straw, bamboo leaves and neopeat.

Tea waste & wheat straw, Pure wheat straw,
Sawdust & wheat straw, Tea waste & sawdust,
Pure sawdust and Pure tea waste

Sawdust, wheat bran, Hannoki

paddy straw, casing soil

rubber tree sawdust,
fine rice bran,
MgS0,7H,0,
Ca0 (100:3:0:2:1), sorghum grains

rubber tree (Hevea brasiliensis) sawdust mixed
with fine rice bran, magnesium sulfate
(Mg50,.7H;0) and calcium oxide (CaO) in the
ratio of 100:3:0.2:1

rubber sawdust, soybean residue, corn meal, fine
rice bran, water hyacinth, soybean residue

spent mushroom, substrate in Pleurotus eryngii
cultivation, fine rice bran, MgS0;.H,0, CaO, and
fine corn seeds 100:3:0.2:1:05 (w/w)

mung bean husks, potting
soil and mung bean husks mixed with potting soil
(11, v

shred agricultural by-products such as grasses,
cereal
straws, and hulls

Substrate

Temperature i

25-35°C 65%
27-30°C 36%
25-35°C 60%
30-35°C -
28-30°C 6%
30-35°C -

Ambient room
temperature -
20-25°C

25°C 65%

2605-2810°C
(Average substrate

temp))
30.11-34.03°C

(Average

air temp.)

- 50%

= 60-70%
above 25°C =

Humidity

60-75%

80-90%

70-85%

75-80%

65-85%

85-90%

85%

natural

light

light of 8-
10 hours

Dark
Condition

Dark
condition

Yield (weight
per substrate

bag/weight of
substrate bag)

15438-20,043 g total
yield in an open field.

130-181 g/bag

1078 g/bag

331.3-343.6, 3320~
327.0, 3200-3346
(g/500g)

488.50-724.00

(¥/kg)

200-884.8 g/500 g

189.00-215.10 /0.6 kg

23721 /o6 kg

Biological
Efficiency

173-17.5%

3%

66.7%,66.4%,64.0%,
654-68.7%

55%

72.40%,
56.75% 54.60%

86.77%, 79.85
%, 70.84%, 46.9%,
40.3%, 38.86%

164

1769%

34.16-59.26%

65.89%

Reference

Nithara (2002)

Galappaththi
etal. (2022)

Devi and
Sumbali (2021b)

Nirmala and
Siva (2023)

Pamitha (2014)

Ghafoor et al. (2022)

Kinjo and

Miyagi (2006)

Prakasam
etal. (2011)

Inyod et al. (2016)

Verma et al. (2017)

Somprasert
etal. (2017)

Inyod et al. (2023)

Teaumroong
etal. (2002)

Cotter and
Tradd (2014)
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Species M. gigantea M. crassa M. lobayensis

Moisture (% based on total weight) 89444016 | 853 713 L1 826005 904%05 8620 1276 136 1435 939
Ash (%) 990001 08 14534032 623005 832 1204 n2 1207 0848 +0.32 93
Fat (%) 3205004 16 1275004 291 31 091 186 489 176 328015
164036
Protein (%) 7604009 | 23 sotzozs B 167 329 1279 143 3089 066+124 45802 139
386+ 030
Total sugar (% 5374
(%) (mgo
Reducing sugars (mg/g) 841079 76
B 2771
Carbohydrate (%) 32004040 10 5201 +0.04 18 6299 653 7475 sss204 | Ve
Fibre (%) 590 +0.04 10695155 876 125 2071 236 167 174 72
Energy (keal/100 ) 3074040 636 33681 £355 352 7176 | 34236+ 1447
Amino acids (/100 g) 18.67
" 3397 14

B- glucans (%) 1491 376 1009 oo
Vitamin D

285+ 0.009
(ng/g)
Vitamin B1

0.248

(mg/100 g)
Vitamin B2

038 £ 0.009 212
(mg/100 g)
Niacin 5150
(mg/100 g) £0.090
Vitamin C 3300
(mg/100 g) £0.400

Khumlianlal | Galappaththi | Das (2017) Liu Gaur and Giri Prakasam | Inyod | Ayimbila | Inyod Chibou Ghosh | Gholagade
Reference etal (2022) | etal. (2022) el Rao (2017) | etal (2013) etal etal etal etal Ousmane etal etal

(2007) (2011) (2016) (2022) (2023) | el (2024) (2019) (2006)
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M. gigantea M. crassa M. lobayensis

mg/kg mg/100 g mg/kg mg/100 g mg/100 g
Ca 277840153 264%010 470130 374016  0015% 154 4934 43304 433 499.09 3567 £ 351 13
Cu 577140020 2084007  13%7 0554003 1811 110 0524 13.07 262+ 009 009
Fe 7467£019 1764043 | 79423 0274003 | 7872 5.60 3321 21344 420 28214 6254065 0.30
K 210380 £ 0215 1300 £ 450 311% 59 35300 35300 47800 43967+ 1270 155
Mg 46380064 1074026 550+170 | 21634014  0065% 65115 147400 | 41834274 04
Mn 02250016 223%015 5925 0350001 513 118 130 109 16.16 030
Na 4488 £ 0,055 580 + 94 82897 930 96072 7209 £ 245 22
13 0016400005 6015 +0.30 096% 5300 8600 9100 12983542470 97
cr 02404004  065£037 | 0100008
Zn 4149£0036  133£020 16049 0154002 | 777 138 020 3708 3765 850 5872 305+ 014 050
Co 0395008 0292026
se 0051
Ni 009 + 0006
cd 030 001
Reference  Khumliankal Gaur Lin Das (2017) | Roy Prakasam Ghafoor Liu et al. (2007) | Tnyod Ayimbila Inyod Chibou Ousmane | Gbolagade
etal. (2022) etal (2016) | etal. 2012) etal. (2022) etal. (2011) etal. (2022) etal etal (2022) | etal etal. 2024) et al. (2006)

(2016) (2023)
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88 Common cultivation process of Macrocybe species

8 Laboratory culturing of the mushroom

Cross-
section of a
* ’ mushroom

Autoclaving
Laboratory culture = Mushrooms of

media - Eg: PDA, MEA s \ Macrocybe genus
R
Pouring sterilized culture
media to sterile
petriplates

Transfering a section of internal tissue
of mushroom or a scrape from the spore
print to the agar medium

i Well-grown
o Spawn productlon mushroom mycelia

on the agar surface

% after incubation

Fully s - ‘ | Preparation of
colonized | | substrate for

spawn vy spawn
substrate R production

Innoculation of the
substrate using a small
chunck of agar with Sterilization by autoclaving
myclia grown in the plate

Macrocybe sp.
grown in
substrate bag

Innoculation of the
sterilized substrate bag
with a spoonful of
Cultivation substrate mixture spawn

. @ Cultivation

Cultivation bag Sterilization in a Sterilized Incubated substrate bags A sterilized casing
prepared with the steel drum or in Substrate bag until the mycelia fully layer added
substrate mixture an autoclave covers the substrate substrate bags

medium
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Temperature

YEA, WGA, CA, PDA, MEA, YGA, CDA, Maize EA,

DM, PEA, YPD, GPYEA, PMA, EA, GPA - Solid media

RS, GAM, MPB, GPM, PW, AHM, KCM, DM, CDM, 30 £2°C 50
YGM, PDB, PBD, RSM, WMSM, MF, BM -

Liquid media

light and dark

conditions on both

solid and
liquid media

PDA, MEA, SDA, CZA 25 +£2°C 56-7.5 -
SMYA 25-35°C = =
PDA 27-30°C - dark conditions
PDA 2512°€ - -
M. gigantea
blue, green, red,
PDA, MEA, CDA 27 £2°C 5-10 yellow and
artificial day light
SDA 35°C 7 -
MEA, PDA, GPA, SDA, CEA, 20-30°C = =
Hennerberg medium - synthetic liquid medium
GCMY (glucose, casamino acid, malt extract, and yeast = 30°C 5 -
extract) medium of natural liquid medium
PDA, MEA 20-25°C - -
PDA 20-30°C - -
M. crassa
PDA 30°C - -

Reference

Kaur et al. (2023)

Roy and
Krishnappa (2018)

Niihara (2002)

Galappaththi
et al. (2022)

Nirmala and
Siva (2023)

Suman
et al. (2018)

Pamitha (2014)

Ghafoor
et al. (2022)

Kinjo and
Miyagi (2006)

Devi and
Sumbali (2021b)

Payapanon and
Srijumpa (2008)

Teaumroong
et al. (2002)

YEA, Yeast Extract Agar; WGA, Wheat Grain Agar; CA, Coriander Agar, PDA, Potato Dextrose Agar; MEA, Malt Extract Agar; YGA, Yeast Glucose Agar; CDA, Czapek Dox Agar; Maize EA,
Maize Extract Agar; DM, Dimmick Medium; PEA, Pea Extract Agar; YPD, Yeast Potato Dextrose Agar; GPYEA, Glucose Peptone Yeast Extract Agar; PMA, Potato Malt Agar; EA, Elliott Agar;
GPA, Glucose Peptone Agar; RS, Richards solution; GAM, Glucose Asparagine Medium; MPB, Maltose Peptone Broth; GPM, Glucose Peptone Medium; PW, Peptone Water; AHM, Asthana and
Hawker Medium; KCM, Koser Citrate Medium; DM, Dimmick Medium; CDM, Czapek Dox Medium; YGM, Yeast Glucose Medium; PDB, Potato Dextrose Broth; PBD, Pea Broth Dried; RSM,
Rye Seed Medium; WMSM, Will Mineral Salts Medium; MF, Mehrlich Formula; BM, Bilai Medium; SDA, Sabourauds Dextrose Agar; CZA, Czapek Dextrose Agar; SMYA, Skim Milk Yeast

extract agar; CEA, Compost Extract Agar.
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Substrate

: Referen
moisture clerence

Species Substrate Temperature

Galappaththi

Paddy grains 27-30°C - - dark conditions
| etal. (2022)

Sorghum grains, paddy
straw, vermicompost - - -

Nirmala and
| siva (2023)

and sand (1:1)
) sorghuns wheat, 2nd 30°C - - - | Ghafoor et al. (2022)
M. gigantea barley grains
3 Prakasam
+ 2% = = s

sorghum grains 28 £2°C etal, (2011)
bajra (Pennisetum
glaucum L.), wheat s | Devi and
(Triticum aestivum L.) 2842C 67 : Sumbali (2021b)

and maize (Zea mays L.)

peanut husks and

sawdust fermented by |
M. crassa horse dung or corn 28-30°C 60% - -

waste: sawdust: blended

corn (15:4:1)

Teaumroong
| et al. (2002)
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Macrocybe

Distribution

species

M. titans

M crassa

Florida, United States of America (Bigelow and Kimbrough,
1980); Southeastern United States, Caribbean, Mexico
(Cifuentes and Guzman, 1981; Singer, 1990; Lopez and
Garcia, 2018); Costa Rica (Calonge et al., 2007; Corrales and
Lopez, 2017); Parts of South America (Pegler et al., 1998);
Brazil (Battistin et al, 2015); Colombia (Chivata Bedoya,
2018; Luna-Fontalvo et al., 2023); Panama (Piepenbring,
2008); Argentina (Ramirez et al., 2017); Martinique,
Trinidad, Puerto Rico, Venezuela and Ecuador (Pegler et al.,
1998); India (Vrinda et al, 1997; Vrinda and Pradeep,
2006); Taiwan (Chen and Chen, 1999)

India (Verma et al.,, 2017); Thailand (Inyod et al., 2017); Sri
Lanka, Malayasia, Japan (Verma et al,, 2017; Vizzini
et al., 2020)

M. gigantea

India (Manimohan et al., 2007; Bhupathi and Subbaiah,
2019); Pakistan (Razaq et al., 2016); Nepal, China (Pegler
et al, 1998), Sri Lanka (Galappaththi et al., 2022)

M. lobayensis

Central African Republic (Pegler et al,, 1998); India, West
Africa (Chakravarty and Sarkar, 1982; Vrinda and Pradeep,
2006; Verma et al., 2017); Ivory Coast, Ghana, South Africa,
Benin, Democratic Republic of Congo and Nigeria (Kesel

et al., 2002; Ndong et al., 2011; Hérkénen et al., 2015; Bastos
et al.,, 2023)

M. sardoa

Italy (Vizzini et al., 2020); India (Kantharaja and
Krishnappa, 2021)

M. praegrandis

Brazil (Pegler et al., 1998)

M. spectabilis

Mauritius, Japan, and Hawaii (Pegler et al,, 1998; Buyck,
2008; Hemmes et al., 2018)

M. pachymeres

Asia (Vizzini et al., 2020)
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Macrocybe

species

M. crassa

M. gigantea

M. lobayensis

M. titans

M. pachymeres

M. spectabilis

M. praegrandis

M. sardoa

Pileus surface

color varies from pale cream,
yellowish brown to greyish brown
and center is darker

initially white in color, and
become grey with a glaucous tint,
paler towards the margin

range from pure white to ivory
white with occasional spots of
ochre or reddish ochre

in maturity, its surface color
changes from light ochre and
many shades of buff, to finally
becoming white

hemispherical, convex, surface
pale ochracous to greyish
brown, paler towards the margin

convex, umbonate to applanate,
surface pure white to ‘Buff’,
glabrous, smooth, silky, dry

convex, finally depressed at
center, surface cream colored,
smooth, with an irregular,
wavy margin

conve, flat-convex, incurved at
first and then decurved, sinuous,
lobed, surface first pure white but
turning cream-ochre with time

Pileus
diameter
(cm)

6-24

4-35

6-21

8-50(~100)

4-10

7-40(60)

20-50

15-25(-35)

Context

white colored,
about 3.5 cm
thick at

the center

up to 3 cm thick
at the center
and is white,
with a

firm texture

about 2 cm in
thickness and
has a consistent
pure white color

4 cm thick at
disk, white,
firm-fleshy

2.5 cm
thick, white

1-2.5 cm,
pristine white in
color with a
firm texture
thick, abruptly
thinner at

the margin

1-2 cm thick
and is pure
white and firm
in color

15-25(-40) cm

15-25 x1.4-5 cm,

cylindrical, swollen at base slightly bitter

15-18 x 6 cm,

cylindrical and often

elongated, solid, surface -
with same color of pileus,
fibrillose-striate

stipe 5-15(-30) x 1.5-3(-6)

like flour or
cm, ochre-colored, often

starch,

changing to a pale grey (farinaceous)

shade, and has fine wrinkles

30-40 cm in height,

cylindrical to obclavate, up

to 12 cm in diameter at

base, solid, surface off-white =~ -
to pale

grey, squamules present,

often caespitose

5-11 x 1.5-4 cm,

cylindrical to

obclavate, with swollen

base, solid, surface pale -
grey,

covered with

small squamulose

5-30

(~40) x 4-7 cm

cylindrical to obclavate, -
solid becoming finally

fistulose, surface pure white

sweetish to
17-30 x 2.5-4 cm, solid, mild
surface cream colored, unpleasant
smooth, with a basal taste, stipe
cottony mycelium -slightly

bitter taste

10-15(-20) x 4-6(-8) cm
Same color as erus, mild
compact and solid,

usually cylindrical

ammoniacal

when crushed or cut
emits brewer’s
grains odor

coumarin or

bitter almond

strong, pleasant to
disagreeable, fragrant or
mushroom like

strong, cyanic

pleasant order

pleasant and sweetish
when young, unpleasant
and nauseating
(compost-like)

when mature
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Sensor sensitive compounds

1 R(1) Aromatic organic compounds

2 R(2) Very sensitive, broad range sensitivity, reacts to NO,

3 R(3) Ammonia, utilized as a sensor for
aromatic compounds

4 R(4) Significantly identify hydrogen gas

5 R(5) Alkanes, aromatic compounds, and nonpolar
organic compounds

6 R(6) Responsive to methane. A broad range of organic
compounds detected

7 R(7) Recognize inorganic sulfur compounds, e.g. H,S.
Responsive to several terpenes and sulfur-containing
organic compounds

8 R(8) Recognize alcohol, partially responsive to aromatic
compounds, broad range

9 R(9) Aromatic compounds, inorganic sulfur and
organic compounds

10 R(10) Reacts to high levels (>100 mg/kg) of methane and

aliphatic organic compounds
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Accession Yeast species Half-life Growth rate = Vmax (mol L

number (days) (day™) day™)

OP143841 Hanseniaspora opuntiae JIY-T1 | 3.051 £ 0.042° 0227 +0.001° 0272 +0.001° 0.993 + 0.006° 0.968 + 0.000"

0P924553 Pichia kudriavzevii YSP-T8 3.193 + 0.031¢ 0217 +0.001° 0.260 £ 0.001° 1.003 + 0.006° 0.923 =+ 0.000°

OP924274 Hanseniaspora guilliermundii 2.287 + 0.030" 0.302 + 0.001° 0.347 +0.001¢ 0.903 + 0.006" 0.920 + 0.000°
Y5P-T5

PQ169565 Hanseniaspora uvarum 3341 + 0.031° 0.207 £ 0.001* 0.253 + 0.006" 1.020 + 0.010¢ 0.880 + 0.000*
JE3-TIN

OP890585 Starmerella bacillaris 3.189 = 0.022¢ 0.217 £ 0.001° 0.257 + 0006 0.993 + 0.006° 0953 + 0.000°
WMP4-T4

Data are expressed as the means of three samples + standard deviations. Different letters (a, b, ¢, d, ¢, and f) within each column are significantly different (Turkey’s in one way ANOVA; p < 0.05)
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