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Selenium Supplemented Rice Straw Cultivation Substrates
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Abstract

Development of mushroom production technology to increase selenium (Se) accumulation in mushroom
biomass by adding Se organic fertilizer into conventional rice straw and Se-rich rice straw obtained from Se
enriched rice production. The Se supplemented rice straws were then used as substrates for grey oyster
mushroom (Pleurotus ostreatus: grey type) strain TISTR_Post grey-01 cultivation. Optimal concentrations of Se for
mycelium growth, yield and quality of mushroom, and Se content in mushroom were determined. The results
showed that conventional rice straw and Se-rich rice straw based substrates provided similar findings. The
substrates without Se supplementation offered lower mycelium growth rate than the Se supplemented
substrates. The supplementation of Se in substrates at concentrations of 3 and 5 mg/kg (ppm) were found to be
optimal for mycelium growth, quality and yield of gray oyster mushroom. However, addition of Se fertilizer in
substrates at concentrations higher than 10 ppm decreased mycelium growth and quality of fruiting body with
increasing Se concentration. Additionally, Se accumulation in mushroom biomass tended to increase with the Se
content added to conventional straw and Se-rich straw, averaging 140-930 pg/kg dry weight and 220-340 pg/kg dry
weight, respectively. This study demonstrates that the proposed mushroom production technology can improve

yield, quality and nutritional value of grey oyster mushroom.
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ludndnamieg

wilugLin eI aeiug TISTR Post grey-01
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Table 1 Cultivation substrates and supplements for oyster mushroom production

Cultivation substrates and supplements

Experiment 1

Experiment 2

Treatments
Rice straw Rice bran Se-rich rice Rice bran
Selenium (mg) Selenium (mg)
(kg) (kg) straw (kg) (kg)
1 10 0.3 0 10 0.3 0
2 10 0.3 15 10 0.3 15
3 10 0.3 30 10 0.3 30
4 10 0.3 50 10 0.3 50
5 10 0.3 100 10 0.3 100
6 10 0.3 150 10 0.3 150

Note: Cultivation substrates and supplements were working ratio

ABNBYIENING 4-10 ABN LﬁaL?iyawummsﬁ%%agﬂ PDA
nuindulemaunssumiasgudsatioeniduis au
numly dv19v wazesgiuaumngldnaiuszunn
7-10 Fu Twvauefidulovuemmaudadiane Snvaezdu
lafidv1in3ov19m3u LSy Unaguudndiiiisegis
MLUY wazlasgiurinems 1Haan 3 Ju (Figure 1)

Figure 1 Morphology of fruiting bodies of grey oyster
mushroom strain TISTR Post grey-01 (A); mycelium
on PDA for 10 days (B); and spawn on sorghum seeds
for 3 days (C)
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fadnsusienlansy

Experiment 1 [ Experiment 2
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Mycelium growth rate (cm/day)

Selenium minerals concentrations (ppm)

Figure 2 Mycelium growth rate (cm/day) of grey
oyster mushrooms on rice straw with selenium
(Treatment 1) and Se-rich rice straw with selenium
(Treatment 2) at 1.5, 3, 5, 10 and 15 ppm
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\Windshniuflefisuiuganasgiu

Figure 3 Mushroom mycelium growing in substrate
bags with different sizes. (A) Plastic bag 9 x 18 inch
and (B) Standard bag 6.5 x 12. 5 inch
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Table 2 Mycelium growth rate of grey oyster mushroom mycelia on rice straw substrate with different

concentrations of selenium

Mycelium growth rate (cm) for mycelium to fill up the bag

Time (days) Experiment 1 Rice straw with different concentrations of selenium
0 ppm 1.5 ppm 3 ppm 5 ppm 10 ppm 15 ppm

4 4.16+0.20 4.25+0.18 4.35+0.15 4.44+0.16 4.36+0.19 4.21+0.20
12 9.70+0.19 10.15+0.22 10.60+0.20 11.40+0.12 11.08+0.19 10.52+0.18
20 16.44+0.18 16.82+0.19 17.68+0.18 18.81+0.19 18.11+0.24 17.35+0.18
28 22.95+0.15 23.54+0.14 24.72+0.19 26.34+0.13 24.96+0.14 23.99+0.17
36 28.80+0.47 29.36+0.39 31.40+0.39 33.69+0.35 31.56+0.24 30.71+0.37
39 31.29+0.62 32.28+0.55 34.80+0.45 36.98+0.23 34.93+0.55 33.37+0.28
40 32.01+0.39 33.58+0.57 36.59+0.13 - 35.75+0.50 34.46+0.34
41 33.19+0.72 34.44+0.31 - - 36.15+0.50 35.39+0.37
a2 34.28+0.49 36.04+0.14 - - - 36.46+0.50
a4 36.53+0.21 - - - - -

Total a4 a2 40 39 a1 42

Table 3 Mycelium growth rate of grey oyster mushroom mycelia on Se-rich rice straw substrate with different

concentrations of selenium

Mycelium growth rate (cm) for mycelium to fill up the bag

Time (days) Experiment 2 Se-rich rice straw different concentrations of selenium
0 ppm 1.5 ppm 3 ppm 5 ppm 10 ppm 15 ppm
4 4.40+0.21 4.41+0.17 4.51+0.23 4.43+0.26 4.37+0.14 3.93+0.29
12 10.36+0.18 10.37+0.23 11.76+0.25 11.35+0.25 10.55+0.19 10.25+0.25
20 15.42+0.17 15.96+0.23 18.02+0.16 17.70+0.22 15.96+0.19 16.33+0.30
28 20.44+0.22 22.11+0.31 24.05+0.23 23.93+0.25 21.96+0.64 22.40+0.24
36 26.78+0.37 29.56+0.36 31.37+0.23 30.71+0.16 28.87+0.48 28.94+0.22
40 31.00+0.32 33.77+0.35 35.64+0.23 35.08+0.15 32.44+0.25 32.78+0.33
41 32.02+0.34 34.97+0.57 - 35.98+0.42 33.50+0.59 33.57+0.14
42 33.10+0.36 35.37+0.23 - - 35.90+0.45 34.89+0.57
43 33.94+0.34 - - - - 35.71+0.23
46 35.28+0.34 - - - - -
Total 46 42 40 41 42 43
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Table 4 Fresh weight of grey oyster mushroom from different cultivation substrates with different concentrations

of selenium
Fresh weight (g)
selenium
Treatments (ppm) Experiment 1 Experiment 2
Rice straw with selenium Se-rich rice straw with selenium

1 0 528.50+51.90% 229.59+32.50°
2 1.5 634.66+35.53° 273.00+43.83%
3 3 587.16+56.56™ 277.75+29.41%°
4 650.00+45.25° 369.42+67.47°
5 10 579.83+60.66%° 365.00+39.46°
6 15 435.83+66.52° 282.46+28.73%

F-Test *

CV% 34.52

Note: Mean values with different superscript letters in a column are significantly different at 95% by DMRT Test

3.5. navaansiasudadeuludaginizniedag
AoaNUAZYRINBNTIALITNIT

IINNITNILLTAAUITIINT I8 TdRNITW19977
Mluuaznadnddidongs Tadudadon madudu
1.5, 3, 5, 10 uaz 15 TadnTuseilansy wuln dnwaems
dugningwssneniiaunssumiianuunnaiadiuegied
Hod1Agyn19add lneanvurYeInuInAenLazAIuAen
YWIANLINABN F1UIUABNGAD 1 ¥ & WArAIINLIINIY
ABN NUIAWITOTMUNANBUEABNLA 3 NEYN AUTTAY
vosTAiilon Inenguil 1 unquilogszninagaauny fa
seAudallleu 1.5 Tadnusdenlaniu dnvagaendingeu
MI0AVIIYU MINABNNANARIENANIBIN TIUIUADNTREY
windaneandvuuinlvg Riduuussukazeauyy diu
naud 2 Wunguilegseninesedudaiden 3-5 Tadn3usie
Alansu dnwgaendnudunsedinieuasy vunaen
NANARIBNOEUNTY ABNENWATISILIUABNNIN VOUNLIN
ABNALNBEAINIUETI RIPUUUlANTEULAT B UYY LAt
naud 3 Wunguilegseninesedudadon 10-15 fadn3u
soflaniu dnwazeendiniuazdviyu nuinaenuinee
Jugunsiedanuy auinnening nitganivay wazd
Srurunentesniinguil 2 fusenlugyuinge (Figure 4)
aanndestuIuidediiunn [17] Geamuiinisimizidie
wssudvnludanmienauddllouainududuuinndd
12.8 lilasniusion3u wuimenuiindiléfianuazaeningy
vinse losanwavesddidentivsunaiiduiiy dmals
Aamstudeansiasgreadule wazinlinnsadranenlal
auysal dadvewmenfintuegiuiladeanmeinia vie
Paggfimizdgn Tasnnsiteadstimeugnludiaion
flunau-wwieu Judigedou foamgige Winuesun
la3aidvnesudamsey (Light-brown) [18]

3.6. avasn st daenludanniznietag
AOAMATNYDINBNLAALNSTINT

domngdeTagmiznisdnnilunaganetii
Faidougs Mesuddidounnuunndnaiy desalvinunin
Yosmeniiniianuuananaifegived Ay lnedan
g1 luilédaidounnududu 5 fadndusie
Alansulivuinnonlugiiian 56.93+3.06 fadung luvas
AaquiznietnTadengs Mesuddidoneandudu 3
fiadnsudedlandulivurnnonlugfign 63.78+5.83
fiodums uidleaudutudfidongstu 7 15 fednsude
Alansu luits 2 ganismaaes Aenifndivuiaidnndiyn
AUALABIVIATY 34.80+3.70 uay 44.13+3.05 Jadluns
MudU WuReafunAdeiiiuan [19] inuindlemne
Wiaunssuuutagiddailonuinndn 12.8 Sadn3usie
Alan3u vildiulngudnenidnninfaniliiadunied
Fdeutoandn dmsudwusenveaiauiesum Tudag
wngvhadasi 2 YANIVAGRY otinduIuKansEiA
Tnalulumaieafivaunnen Aefisziuanuituduves
Faulon 3 uaz 5 fadnsudedlaniy iuszduiimangan
TnavesdiuIunenunilan 28.26+3.46 wag 26.42+2.39
aensiate mudiu Turaziiganuulinayesdiuiu
nontoufian 19.07+1.65uag 17.25:2.64noNA0Y0
AINEIAU UATRAGIUAIINEIATUABN VDUAAUIITUNT
wuifiszdunududuresddiden 5 fadnsudedlaniu
aeniiadaue1dfuldsuIniian 38.66+2.27 uaz
4133+1.19 fladlns AWAFU (Table 5) Fadnwazdiu
ponoIu 811 naenvualngdunidudnuazveadia
usuifinunmduiifeanisvesman
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10 ppm 15 ppm

Figure 4 Fruiting bodies characteristics of grey oyster mushroom cultivated on rice straw with selenium (A) and on

Se-rich rice straw with selenium (B) at concentrations of 0, 1.5, 3, 5, 10 and 15 ppm

Table 5 Quality of fruiting bodies of grey oyster mushroom from different cultivation substrates with different

concentrations of selenium

Experiment 1 Experiment 2

Treatments Selenium Cap stalk lencth Number of Cap Stalk Number of

a en
(ppm) diameter ( )g fruiting diameter length fruiting
mm
(mm) body (mm) (mm) body

1 0 45.00+£3.86  33.68+1.75° 19.07+1.65°  52.86+6.15  37.71£2.56°  17.25+2.64°

2 1.5 46.09+3.37%°  36.83+0.73%  22.63+1.84%°  51.35+4.16®°  37.03+1.13°  22.45+3.29%

3 44.08+3.88° 38.00+1.25%  22.45:1.88%°  63.78+5.83%  38.60+1.39°  28.26+3.46

a 56.93+3.06° 38.66+2.27° 26.02+42.39%  50.45+4.38%°  41.33+1.19°  25.63+3.3%

5 10 4597+5.57%  3393+252°C  2287+2.50  52.64+2.18%°  37.16+1.30°  22.58+2.65%

6 15 34.84+3.70° 33.05+4.51°  22.98+2.47%°  44.13+3.05° 38.45+1.45°  21.78+1.95%

CV% 21.37 7.04 23.12 21.02 4.12 31.26

Note: Mean values with different superscript letters in a column are significantly different at 95% by DMRT Test

Table 6 Selenium accumulation in grey oyster mushroom from different cultivation substrates with different

concentrations of selenium

Selenium Selenium accumulation (ug/kgDW)
Treatments
(ppm) Experiment 1 Experiment 2
1 0 140+3.01° 220+4.32"
2 1.5 170+3.52¢ 230+3.20°
3 280+4.27¢ 360+4.86°
a4 5 220+3.87¢ 320+3.88°
5 10 590+3.82° 300+5.31°
6 15 930+5.31° 340+4.76°
F-Test * *
V% 1.15 1.68

Note: Mean values with different superscript letters in a column are significantly different at 95% by DMRT Test
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3.7. navasmsiasudadeuludannizniedag
AoUSUIUT AT NN MUAVDATAAUITUNA

Viunavesdadeuazanlunenifaunssumiild
NNsETUIAEuANITNTY 0, 1.5, 3, 5, 10 uag 15
fiadnfusioflansu adlufannig 2 wila Ae viadiaily
filannn1sugndnludsund (ganismaaedit 1) wagwa
N#ddsugeanuasdunvuiiinisasutedunid

L Re

a A

Falouaslufu (yan1smaaeei 2) nudndiemiglumig

o

Mmlumasuddidounudsuuddidevazanlunsniiia

Y

WU 140+3.01-930+5.31 lulasnsusailansuuinidn

D

wiis Feusunaddidevaraulunonifafiutuniuai
duduvesdadeniiaiuadutanmig luvasiiviadn
FallongamulSuadddevaranlunendiamiiiu
220+4.32-300+4.76 lulasn3usodlansudmifnuis
(Table 6) apnndeafuauidedisiiun [20] Fa3insizei
Vsunaddidenazanlunoniinnszgaunssudildainnis
wgde Fanvhsdialuuasedngauddidon wui
nfuTinadfidongalusindu 5.0 uar 145.4 Tulasn3u
AONFUNILAS AudIRy Fannninuufiasanlutan
wnzvhatn uandlidiuhddidealusuuuuduvidimun
Qnaeduldd (21] venanilfissrudniaunssmndy
siafasnsogaduiaifionlsfnindinelndu wu Wiavey
nszau HUSHIuWnAY 858, 52.8 uay 356 dadniuse
Alansu [22] Wneddillenazauluindiulng ogluguves
FAlugawmdu wialuwlsledu wazwiawaludandu
[23] lddwiunszuiunisduasendaiulusiuseld
doiSouiisusening 2 yanismaass Wiedinng
vudagnetniasudallouanududu 0, 1.5, 3 uag 5
fiadnsusiodlansy fusuudddenazanuinnindiad
wnzuundialy wiagiuldinnududuiizinndd
nsawiiu 10 Jadnsuseilansy YSuuddllouasay
wdsundufuusundddesiiesulutagnie e
iesaniadusneg wu Aanudunsa-rne Sunieinglu
Faouwrzidouluszwinnadanen fuduiadumuau
sUmanivesddidouiivanddoseonu asnndesdy
ngufiidanudunsa-r Wutlafedfgidunum
sonsiUAsuguniaeil msiedeud anmnisazansues
Faeuuaranululszlevives@adenluiu [24] w3e
ANURuLYTVRtRIAUTENoUMBATTluTaRIIY [25] na
PANURUKYIT00AYTENDUNIRATI NI B TLALYIN AT
AnauAnAsTBsiuiaLAlivews Feasiinadonisgndy
nsanaznoukazaiuysslevieeddidenludiu
uananinsiinarsuszneuidefeuseninaddludiu

' a

a15Usgnaudunsdlufuiiuianssuvesgiunidevan

A

anuludsslevivesddiflonlutagmiznioludu
donAdeINuMUITEINIuLN [26] AInunddideudiulng

N a v

lufiuanunsngngaiaegluguarsuszneudunididadou

a fa

Wianszuiunisduludlawduves@dludlnegdunidau

<

wavanadulselewdves@adeuld 27] egslsAinnu
diaitldanTagmizats 2 ¥iln naanadudu Ui
Faouunnindaiilaannisinizseissssueid deil
Usunauiies 2.2-9.3 laulasnsuse 100 ndu [28]
nnsanwunaluladnismigiindleniedig
mlvuazradnddidongeiibifdnnsaiudaden (ya
muaw) wiuliIinimnglunndndadengediviina
Falenazanuinniteg i drdyn1eada luvued
Uinaddidouivngauaiuadutagmizeseglutis
3.5 fadnsusedlaniu wazaasaindt 15 fadnfude
Alansu aghslsinny wWiausynaudeduidudimdnus
10 Wosidus wazih 90 wWaesifud [29] derumsszme
drufidutheen azwmdeifissduiidutmdnuis e
farsaundenadnsiily weuiweadia 1 Alanumnainidia
antmin 10 Alan3y MetuUsnadailovazauildan
mMiveRpsziivsIaMeyluYe 14-93 uay 22-34 lalasniu
seflansuvidnan muddu 9nseeuTensuounty
feUsuaansemsnsdefinaslisuusssnudmsualng
1897431 FafeufinaglésuUses1Tu(Recommended
Dietary Allowance : RDA) wihiuiuay 15-70 lulasnsu

4. uvagy

a

n1sudniiaunesin@didonas (Serich grey

= v

oyster mushroom) lagnisiasudaieudnluludagmiey
& Yo Ao a Sa A Sa A
wien1sldTanmigniuTuudaideugs 3aideuady
v ! v a ! v

Juguanenuinanesnsinisiasyvenduly wazdnuiu

]

—

v oA a2 v v

JunaSyunoumeny nefddounnududy 3 way 5

o

a

fiadnsusodlansy Wuarududuiimugan Snviali
USnaunanangaiian lianwaiznen wazaanmmeniiing
Tumanduitu Wennuiduduresddifioufingstuinnn
10 fiadnsusionlandy dwalinisiaiguesduletovas
warilnansznuseUiunauazauInTaInaniin e

<

esznUsunadddevasanluneniinansiiily
w@sudaflon SUSuvindu 14043.0-93045.31
TulasnSuseAlanduthutinuia Iu‘umsﬁWW’ﬁwﬁﬁLﬁsmqa
wuuSuadddenavanluneniainty 220+4.32-

340+4.76 Tulasnsusantansututinusa



NITINeIEnansuazinalulad unnIne1dguasysi U 23 adudl 3 weuiuensu-sunau 2564

5. AnAnssuUsENA

nuIdeilasunuatvayudiuniiaaindinau

Uannsensunsaaufnw memans Ideuazuinnssy

AelAlASINISHANAUAITUSINT B UINIAER S

wialulaguaruinnssy () seninlng-aisnsusy

Usgr1udu Usetauussanes 2563

6. References

(1]

Mkhize, S.S. and et al. 2016. Performance of
Pleurotus ostreatus mushroom grown on maize
stalk residues supplemented with various levels
of maize flour and wheat bran. Food Science
and Technology. 36(4): 598-605.

2012.
with
Crossing. B.Sc. Thesis, Rajamangala University of

Wongpaosakul, C. Pleurotus  sp.

Mushroom  Selection Mono-Mono
Technology Thanyaburi. (in Thai)

Fongngern, W., Pechhan, S. and Yajoh, R. 2012.
with  the

technology control in smart farms mushroom.

Application internet  of  things

Journal of Information Technology
Management and Innovation. 5(1): 172-182. (in
Thai)

Chinwang, S. and et al. 2013. Lower production
cost of oyster mushroom (Pleurotus ostreatus)
by using agricultural wastes and weed plants as
culturing Rajabhat
Journal. 12(1): 12-19. (in Thai)
Keophila, M. and et al. 2013. Effect of rice straw
on rice yields, pH, electrical conductivity and
bulk density of paddy soil. KKU Research
Journal (Graduate Studies). 13(2): 1-9. (in Thai)
Gou, G.

friendly method for the separation of cellulose

substrates. Agriculture

and et al. 2017. Environmentally
from steam-exploded rice straw and its high-
value applications. In: Kazi, S.N. (ed.) Pulp and
Paper Processing. London: IntechOpen.
Sarnklong, C. and et al. 2010. Utilization of rice
straw and different treatments to improve its
feed value for ruminants: A review. Asian
Australasian Journal of Animal Sciences.
23(5): 680-692.

Shen, J. and et al. 2019. Selenium distribution and
translocation in rice (Onza sativa L.)
different naturally

Sustainability. 520: 1-11.

under

seleniferous soils.

10

(%]

[12]

[13]

[14] Silva, M.C.S. and et al.

Terry, EN. and Diamond, AM. 2012. Selenium. In:
Erdman, JW. Macdonald, LA. and Zeisel, S.H.
(eds) Present Knowledge in Nutrition, 10%
edition. Washington, D.C.: John Wiley & Sons.
Silva, M.CS. and et al. 2012. Enrichment of
Pleurotus ostreatus mushrooms with selenium in
coffee husks. Food Chemistry. 131: 558-563.
Kieliszek, M. and Btazejak, S. 2016. Current
knowledge on the importance of selenium in food
for living organisms: A review. Molecules. 21(609):
1-16.

Bureau of Nutrition, Department of Health,
Ministry of Public Health. 2020. Dietary
Reference Intake for Thais 2020.

https://www.thaidietetics.org/wp-content/uploa
ds/2020/04/dri2563.pdf. Accessed 1 September
2021. (in Thai)

Milovanovic, L. and et al. 2014. Potential of
Pleurotus ostreatus mycelium for selenium
absorption. The Scientific World Journal. 681-
834.

2019. Growth and
tolerance of Pleurotus ostreatus at different
selenium forms.  Journal

Science. 11(2): 151-158.

of Agricultural

[15] Zou, Y. and et al. 2018. Selenium speciation and

biological characteristics of selenium-rich Bailing

mushroom, Pleurotus tuoliensis. Emirates

Journal of Food and Agriculture. 30(8): 704-
708.

[16] Kaur, G., Kalia, A. and Sodhi, H. 2018. Selenium

biofortification of Pleurotus species and its
effect on vyield, phytochemical profiles, and
protein chemistry of fruiting bodies. Journal of
Food Biochemistry. 42(2): e12467.

[17] Oliveira, A.P.D. and Naozuka, J. 2019. Preliminary

(18]

the

seleniumenriched pink (Pleurotus djamor) and

results  on feasibility of producing
white (Pleurotus ostreatus) oyster mushrooms:
Se-
proteins distribution. Microchemical Journal.
145: 1143-1150.

Kong, W.S. 2004. Description of commercially

Bioaccumulation,  bioaccessibility, and

important Pleurotus species. In: Choi, K.W. (ed.)
Handbook 1:
Mushroom Cultivation. Seoul: MushWorld.

Mushroom Growers’ Oyster


https://www.thaidietetics.org/wp-content/uploa

[19]

[ 21]

NITINeIEnansuazinalulad unnIne1dguasysi U 23 adudl 3 weuiuensu-sunau 2564

Silva, M.C.S. and et al. 2012. Enrichment of
Pleurotus ostreatus mushrooms with selenium
in coffee husks. Food Chemistry. 131(2): 558-
563.

Bhatia, P., Prakash, R. and Prakash, N.T. 2013.
Selenium uptake by edible oyster mushrooms
(Pleurotus sp.) from selenium-hyperaccumulated
wheat straw. Journal of Nutritional Science and
Vitaminology. 59(1): 69-72.

R. G.

bioaccumulation in

2012. Selenium

shiitake mushrooms: A

Nunes, and et al.

nutritional alternative source of this element.
Journal of Food Science. 77(9): 983-986.

[22] Ogra, Y. and et al. 2004. Speciation of selenium

shiitake
Lentinula edodes. Analytical and Bioanalytical
Chemistry. 379: 861-866.

Wu, Y. 2012. The analysis of
selenoprotein Se-polysaccharide  in

in  selenium-enriched mushroom,

and et al
and
selenium-enriched Lentinan edodes. Advanced
Materials Research. 524-527: 2325-2329.
Kabata-Pendias, A. 2011. Trace Elements in
Soils and Plants, 4" edition. Boca Raton: CRC
Press. 1-20.

Zhao, C. 2005. Study on the
relationship between soil selenium and plant
selenium uptake. Plant Soil. 277: 197-206.

and et al.

11

[26]

[27]

[28]

[29]

Fordyce, F.M. 2013. Selenium deficiency and

toxicity in the environment. In: Selinus, O. (ed.)

Essentials of Medical Geology. Dordrecht:
Springer.
Li, Z. and et al. 2017. Interaction between

selenium and soil organic matter and its impact
soil selenium biocavailability: A review.
Geoderma. 295: 69-79.

Ho, L.H., Zulkifli, N.A. and Tan, T.C. 2020. Edible

potential

on

mushroom:  Nutritional ~ properties,
nutraceutical values, and its utilisation in food
product development. In: Passari, A. and Sanchez,

S. (eds.) An Introduction to Mushroom. London:

IntechOpen.
Oei, P. 1991. Manual on Mushroom
Cultivation: Techniques, Species and

Opportunities for Commercial Application in

Developing Countries. Amsterdam: TOOL

Publications.



