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ABSTRACT KEYWORDS
In the previous studies, selected wild mushrooms from Nigeria were Mushroom culture;
assessed for amylase and cellulase production. Within the same submerged Environmental factors;
liquid medium used for these enzyme analyses, the test higher fungi also Nutrients;
produced some quantities of mycelial biomass under different growing Myecelial biomass;
conditions. In the present studies, influence of environmental factors and Enzymes.

nutrient sources on mycelial biomass production of ten wild Nigerian
mushrooms (Pogonomyces hydnoides, Termitomyces clypeatus,
Nothopanus hygrophanus, Podoscypha bolleana,Corilopsis occidentalis,
Agaricus blazei, Termitomyces globulus, Coriolus versicolor, Pleurotus
tuber-regium and Agaricus sp.) during cellulase and amylase production
wereinvestigated. All thetest fungi were ableto produced mycelial biomass
between temperature range of 25 and 40 °C. The optimal temperature that
supported the best vegetative growth (113 mg/30ml) during amylase
production in Agaricus sp was 25 °C. Agaricus blazei, Coriolus versicolor
and Termitomyces globulus also produced mycelial biomass of 106,104
and 103 mg/30ml respectively at 25°C. Likewise, all thefungi were ableto
produce mycelia at pH range of 3.8 and 7.8. The best mycelial dry weight
(113 mg/30ml) were obtained during cellulase production in Termitomyes
globulus at pH of 6.8. Termitomyces clypeatus had the highest significant
mycelia yield of 117 mg/30ml when the medium was supplemented with
carboxymethylcellulose (CMC). Similarly, high mycelial yield of 119, 116,
and 114 mg/30ml were obtained for Pleurotus tuber-regium, Coriolus
versicolor and Agaricus sp. respectively when the medium were
supplemented with yeast extract at 28°C and pH of 6.8.
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INTRODUCTION edible®3. Macro fungi are lower plants that lacked

flowers and fruits of the higher orders. The word

Macrofungi or higher fungi couldbecdlassfiedinto  ‘mushroom’ is a general term without any taxonomic
two major groups. These are toadstools and sgnificance. Thisisbecause mushrooms comprise of
mushrooms. Theformer aremadeup poisonousspecies  several groupsthat are not systematically related'23.
whilethelatter comprisesof membersthat areusualy  Generally, mushrooms are fungi that develop
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macroscopic fruiting bodies. They include morels,
polypores, gilledfung, jelly fungi, cord fungi, stinkhorns
bracket fungi, puffballs, and bird’s nest fungi*®. The
fruitbodies of a typica mushroom represents the
carpophoresor reproductivestructuresof amicroscopic
fungi inwhichtheactua organismismadeup of hyphae
or myceliawhich are buried intherich substrate used
for growing*2

Mycdid biomassof afunguscons stsof fine, threed-
likehyphae, which grow extensvely throughtheorganic
rich substrate of the ecosystem. Thisnormally takes
place under adequate growing requirements such as
temperature, pH, relative humidity and moisturein
addition with nutrients to support the reproductive
capacity infungi®8,

Thelifecycleof atypical mushroom startsfrom
sporeto primary and secondary myceliumand thento
tertiary myceliumwhichisknown asthebasidiocarp or
thefruit bodies. Thisisthenfollowed by seriesof cell
divison which resultsinto formation of sporeswhich
could escapetotheatmosphere. On settlingonasuitable
substratum, the sporewill germinate again to produce
primary myceliaand the cycle continues?8.

Cultivation of ediblefungi usually involvesthree
major steps. Thefirst stage dealswith the production
of high starter inoculum known asmycelium, whilethe
second step isthe preparation of spawn. Thelast step
istheformulation of compaost and spawning to produce
fruitbodies. Out of these three stages, the mycelia
generation stageisthemost important inthe process of
mushroom production because, if there are problem
withtheinitid mycelia propagation, itwill directly affect
thefruitbodiesyid d®. Mycdiaof mushroomscould
be propagated under adequate culturing condition. The
roleof nutrients, environmenta factorsand enzymesare
very important in the production of mycelial starter
cultureof atypica ediblefungug®?*3.

Intheearlier studies carried out by Jonathan and
Adeoyo™, ten wild Nigerian mushrooms
(Pogonomyces hydnoides, Termitomyces clypeatus,
Nothopanus  hygrophanus, Podoscypha
bolleana,Corilopsis occidentalis, Agaricus blazei,
Termitomycesglobulus, Coriolusversicolor, Pleurotus
tuber-regium and Agaricus sp.) produced different
ggnificant quantities (P=0.05) of amylaseand cdllulase
inthesubmerged liquid media Inthe present studies,

Natural Products

influence of environmental factorsand nutrient sources
onmycdlid biomassyied of thesefungi duringcdlulase
and amylase production was investigated. Thiswas
necessary becauselittle or no atention have been given
tomycdia biomassproduction of Nigerian mushrooms
under the influence of enzyme action, nutrients and
environmentd factors. Therefore, thispresent study was
focused on providing useful information that could help
inimprovingthemycdlia biomassyield of selectedwild
macro fungi from Nigeria for better mushroom
production.

MATERIALSAND METHODS

M ushroom samplesused

The test mushrooms used were Termitomyces
clypeatus, Termitomyces globulus, Pleurotustuber-
regium, Coriolusversi color Agaricus sp, Podoscypha
bolleana, Agaricusblazel, Pogonomyces hydnoidesand
Nothopanushygrophanus, Corilopsisoccidentdis. They
were collected from different farmlands and forests
within Akoko land in Ondo State, Nigeria. The
collection period was between May and September,
2009.

Preparation of mycelial starter culture

Myecelial starter culture of each mushroom was
generated by tissue culture employing the method of
Jonathan and Fasidi®- Themycelial culture of each
fungus were sub-cultured on plates of PDA
supplemented with 0.5% yeast extract. Mycelial
biomass production of each mushroomwasdetermined
by mycelial dry weight method described by Jonathan
and Fasdi™. Thedifferent compoundsrequiredtoform
thesyntheticmediumweredissolvedin 1litreof deionised
water and pH adjusted to 6.3. The medium was
dispensed into 250 ml jam bottles (30ml per bottle)
and the mouth was covered with duminiumfoil. They
were sterilised inthe autoclave at 121°C for 15 min.
After cooling 0.05g of streptomycin sul phatewasadded
to suppress bacterial growth. Each bottle was then
inoculated with actively growing mycelia cultureof a
specific mushroom using 7 mm diameter cork borer.
They wereincubated at 28+2°C for 7 daysafter which
myceliawere harvested®®,
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Effect of pH

The mycelia of each test sample was cultured
separately on plates of potato dextrose agar
(supplemented with 0.5%yeast extractl. The basal
medium used hasthe following compositions: yeast
extract, 2.59; KH, PO, 0.05g ; MgSO,. 7H,0,0.05g;
FeSO, ;KNO, 1.55g and 1000ml of de-ionised water.
Thevitaminscal cium pantothenate (500ug)was added
following the proceduresof Camacho-Rhuiz (16). These
were dispensed into 150 ml conical flasks 30 ml per
flask and supplemented with different nutrients The pH
of theliquid medium was adjusted by usng 0.1N HCl
and0.1N NaOH t03.8,4.8,5.8, 6.8, 7.8 and Sterilized.
Thiswasfollowed by inoculation with 7mm mycdlia
disc plug of the macrofungus using sterile cork borer.
Theinocul ated flaskswereincubated at 30°+2°C for 7
days. Each treatment was replicated three timeg*7,
Effect of temperature

Similar basal medium used in the previous
experiment was employed. After sterilization and
inoculationwith theappropriate mushroom. Theflasks
wereincubated at 25°C, 30°C, 35°C, and 40°C for 7
days. Each treatment was replicated three times
Harvesting was done using the procedures of
Ghbol agade¥

Effect of carbon source

The mycelia of each test sample was cultured
separately on plates of potato dextrose agar
(supplemented with 0.5%yeast extractl1. The basal
medium used was similar to that of pH experiment(*®,
The carbon sources used include carboxyl methyl-
cellulose (CMC), glucose, maltose, and sucrose. After
cooling, each bottlewasinoculated with 7mm agadisc
plug of the macrofungusand incubated at 30°+2°C for
7 days. Each experiment was replicated thrice. The
myocdid biomasswasdetermined by mycdia dry waght
method (Jonathan and Fasidi™.

Effect of nitrogen sour ces

Similar syntheticliquid medium used inthecarbon
experiment wasemployed. Thenitrogen sourcesused
includeurea, yeast extract, peptone, and NaNO,. 30ml
of eechmediumweredispensed into 100ml Erlenmeyer
flask and sterilized; thiswasfollowed by inocul ation
with one 7mm algadisc plug of the macrofungus and
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incubated at 30°+2°C for 7 days. Each treatment was
replicated three times. The mycelial biomass was
determined asoutlinedin the previous experiment(*”

Analysisof data

All resultswere subjected to analysisof variance
(ANOVA) usinggenerd linear model option SAS. Test
of significancewasdetermined by Duncan’s multiple
rangetest at 0.5% leve of probability.

RESULTSAND DISCUSSION

TABLE 1 showsthe pattern of mycelial biomass
production by different wild Nigerian higher fungi during
enzymeactivitiesin different regime of temperature
treatment. Themost supportivetemperaturefor thebest
mycelia biomassyield (113mg/100ml) was 25°C for
Termitomycesglobulusduring cellulaseproductionand
30°C for Agaricus sp during amylase production. The
second best mycelial yield (108 mg/100ml) was
obtained in Pleurotustuber-regium during cdlulaseassay
a 30°C. Coriolusversicolor had the mycelia biomass
yield of 107 mg/100ml (at 25°C) in the sub-merged
medium used for cellulase assay, closdly followed by
Agaricus blazei (106 mg/100ml) at the same
temperature. Likewise, all other test fungi had their
maximum mycdid biomassyiddwithinthetemperature
range of 25 and 30°C.

Mycdlia growth of different ediblefungi inrelation
to theeffect of temperature hasbeen widely reported*®
9. |t hasbeen observed that at optimal temperature, a
particular funguswill produceexcelent mycdid biomass
provided other factorsare not limiting. 162 Although,
al the test mushrooms in this study had their best
mycelia growth at the temperaturerange of 25-30°C,
it wasreported that Vol variellaescul entaproduced the
best biomass at 35°C*%. This may be as a result of
speciespecificrequirementsfor environmenta factors.
At higher temperatures, theleve of biomassproduction
indl thetest mushroomssignificantly reduced (P=0.05).
Thismay be asaresult of denaturation of important
enzymessuch asamylaseand cellulasewnhich catayse
someimportant fungal processes?,

Theresults obtained when different wild Nigerian
mushroomswere cultured under varying pH conditions
were presented on TABLE 2. Thehighest mycdlia dry
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TABLE 1: Effect of temperatureon mycelial biomassproduc-
tion of somewild mushr oomsfrom Nigeriaduring amylase
and cellulaseproduction.

Temperature (C) 2 30 % 4
(M g/30ml)

M ushrooms AML CEL AML CEL AML CEL AML CEl
Pogonomyces hydnoides 64 73* 60" 62 66™ 580 33° 28
Termitomyces clypeatus ~ 78%° 96%° 02 8o¥ 82%° 82 59 42°
Nothopanus hygrophanus  61° 60° 571 59% 61° 68 38% 33°
Podoscyha bolleana 797 87°  75° 80" 84abc 42° 42% 28
Corilopsisoceidentalis 85 98%° 78% 57de 86 65° 60 44°
Agaricus blazei 106° 82% 83** 75 93* g5* 68% 67
Termitomycesglobules  85%° 113 103® 94® 80*™ 65° 79° 67
Coriolus versicolor 92 107* 104® 102 go* 92* 50¢ 69
Pleurotustuber-regium 96 105%° 90°® 108® 92° 98 79* 58
Agaricus sp. 95® 108® 113° 88™ 96® 80° 80° 46

Valuesfollowed by the sameletter (s) along each vertical column
arenot significantly different by Duncan’s multiple range test
(P>0.05).). Each valueisan aver ageof threereplicates.
KEY :AML =amylase, CEL =cellulase

TABLE 2: Effect of pH on mycelial biomass production of
somewild mushr oomsfrom Nigeriaduringamylaseand cd-
lulaseproduction

38 48 58 6.8 78

PH AML CEL AML CEL AML CEL AML CEL AML CEl
Phydnoides ~ 41° 40° 41° 40° 59° 74% e4* 73° E2* e4%
Tclypeatus 67 65° 67 65 750 95 78 g6t g4° 9p™
N.hyrophanuus 59 34° 59® 34 43° 67" 61° 60° 58 80%
P.bolleana 630 44° 630 44 7™ 7™ 79 87 63 57°
C.occidentalis 49 69% 49 69® g6® 100%™ 85™¢ 9g** 73 gO*
Ablazei 75 620 75 62 107° 8™ 106 8¢ e0° 73™
T.globules 76 92 760 927 89 99 g5 113* 74P g™
Cversicolor 774 88 77 88 96® 103* 92 107® 94° 110
P.tuber-regium 788 72%* 78 72® o0® 111* 96® 105® 974 107
Agaricussp. 83 65 83% 65° 98 106*° 95 108° 89" 103

Valuesfollowed by the same letter (s) along each vertical column
are not significantly different by Duncan’s multiple range test
((P=0.05).). Each value is an average of three replicates.

KEY : AML=amylase, CEL=cdlulase

weight (113mg/100ml) in Termitomyces globul uswas
produced at pH6.8 during cellulase production while
111lamylaseand 110 mg/100ml of biomass were
obtained in Pleurotus.tuber-regium and Coriolus
vescolor at pH of 6.8 and 7.8 respectively. Theseresults
indi cated that each mushroom haveadefinitepH vaue
in which the maximal mycelial biomass would be
produced under specificenzymeaction. Similar effect
of pH on mycelia production in Psathyrella
atroumbonatawas reported by Jonathan and Fasidi*.
Thisauthor observed the greatest vegetative growth of
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L.proceraat pH of 6.54. Convesdy,Gbolagadeet a?,
obtai ned the best mycelial yield of Lentinus subnudus
at pH of 5.5. The variations obtained in different
macrofungi may be dueto specific pH requirementsby
eachfungus.

ApartfromAgaricusblazel that hasitsbest mycdlia
dry weight of 107mg/200ml duringamylaseproduction
a pH5.8, dl other test mushroomshad their best mycdlia
biomass production in the submerged liquid medium
used for cellulase assay (TABLE 2). Pogonomyces
hydnoides,Podoscyhabol leana,Corilopsisoccidentdis
and Pleurotustuber-regium produced their best mycdlid
biomass at pH 5.8 while Termitomyces clypeatus,
T.globulusand Agaricus sp hastheir highest mycelia
dry weight at pH 6.8.Nothopanus hygrophanus and
Coriolusversicolor thrived excellently at pH7.8. The
different pH requirementsby variouswild mushrooms
used in this study are in accordance with earlier
observationg5181920,

TABLE 3 showsthat dl thecarbohydrate sources
used supported different significant levelsof mycedlid
yield. Themost supportive carbon sourcewasglucose
TABLE 3: Effect of carbon sourceson mycelial biomasspro-

duction of somewild mushroomsfrom Nigeriaduring amy-
laseand cellulase production

CMC Glucose Maltose Sucrose
(mg/30ml)
CEL AML
74% 61
99 729
58 51¢
8g> 4™
98 71%
824 g™
1077 71*

Carbon compounds

AML CEL AML CEL AML CEL
72 47" 680 43° 36™
107 67° 86® 64° 647
78 52° g1 35° 41
100% 56° 62° 56 68°
111° 63* 84® 54 78
g% 73* 77 g 31°
7Y 80 84 g3 78
107* 76™ 102* g0 108* 85* 88
106® 108® 108* 94° 108 74* 83°
107 112* 97 g0 o4 57 7P
Valuesfollowed by the same letter (s) along each vertical column
are not significantly different by Duncan’s multiple range test.
Each va(P>0.05). lue is an average of three replicates.

KEY: AML=amylase, CEL=cdllulase

followed inorder by CM C and maltosewhile sucrose
wastheleast carbon compound (P=0.05). The highest
mycdid yidd (112mg/30ml) was supported by glucose
for Agaricus sp.during amylase production followed
closely by Corilopsisoccidentaliswith mycelial dry

Mushrooms
Pogonomyces hydnoides
Termitomyoces clypeatus
Nothopanus hygrophanus
Podoscyha bolleana
Corilopsisoceidentalis

Agaricus blazei

Termitomyces globulus
Coriolus versicolor
Pleurotustuber-regium
Agaricus sp.
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weight value of 111mg/30ml during cellulase assay.
Likewise, Pleurotustuber-regium produced mycdlial
biomass of 108mg/30ml in dextrose and maltose
supplemented medium. Coriolusvesi coloror aso has
biomassof 108 mg/100ml in matosemediumfollowed
by Agaricusblazei and Termitomyces globuluswith
mycelial dry weight value of 107mg/30ml when the
medium was supplemented with CM C whiletheleast
value (31mg/30ml) was obtained for Agaricus blazei
with sucrose.

M onosaccharides have been reported asthe most
stimulatory carbon compound for thevegetativegrowth
of several other mushrooms. Gbolagade™, obtained
best mycelial production of Lepiota procera with
mannose,Jonathan and Fasidi*¥, obtained highest
mycelid yield of Tricholomal obayens swith mannital.
However, someauthorsa so observed glucose asthe
most supportive carbon compound for the mycelial
production in mushroomg/1819212223 The results
obtained in this study issimilar to that observed for
Psathyerdllaatroumbonataand Vol variel laesculentaby
Jonathan. The preference 02 f this hexose to other
carbon compoundsinthisstudy may bedueto theease
by which glucoseisbeing metaboliseto producecdlular
energy. Maltose stimulated significant mycelial
production (108mg/200ml) in Coriolusversicolor and
Pleurotustuber-regium. Theenhancement of growth by
thisdisaccharide may be dueto the ability of thetwo
fungi to hydrolysemaltosein the presence of enzyme?.
Sucrose, another disaccharide did not support the
[uxuriant growth compared with glucose and maltose
(TABLE 3). Thereason for the poor growth may be
duetothefact that these moleculesaretoo largeto be
transported across the fungal membrane?+%1, Poor
mycelia growth may a so belinked to theinability of
these mushroomsto produce necessary enzymeswhich
could catalyse the hydrolysis of thisoligosaccharides
into simple sugarg®!. Jonathan'@ reported that sucrose
in submerged liquid medium hastendency of raising
sol ute concentration of themediumtotoxiclevel which
may inhibit mycelial growth. Thismay bethemajor
reasonwhy sucroseisnaot supportiveto mycelid growth
inthewild mushroomsused inthisstudy.

TABLE 4 showed that dl thenitrogen sourcesused
for supplementing themediasupported different levels
of mycdlia biomassyidd. Inthebasa medium usedfor

—=> [y|| Paper

TABLE 4: Effect of nitrogen sourceson mycelial biomass
production of somewild mushroomsfrom Nigeriaduringamy-
laseand cellulase production

Nitrogen Sources Urea Peptone  Yeast extract
(M g/30ml)
AML CEL AML CEL AML
57 68 687 55° 36°
104* 60% 103* 70° 107® 52% s50°
77 59® 71™ 545 70°  24° 41°
76 46° 43 67° 59° 34%® s54°
79 9 51° 72 81 70° 40°
92 84® 74 71° 63 T2* 53°
103* 78° g0™ g2* 94™ 93* 92°
114* 78° 1122 95* 116° 105°
100* 110* 91® 110® 101° 119° 113°
Agaricus Sp. 95® 118% 99* 110® 103° 114* 61b° 982
Valuesfollowed by the same letter (s) along each vertical column
are not significantly different by Duncan’s multiple range test
(P=0.05). Each value is an average of three replicates.
KEY: AML=amylase, CEL=cdllulase
cellulase assay, yeast extract supported the greatest
mycelial yield of 119mg/100ml in Ptuber-regium
followed by ureawithvaueof 118 mg100ml inAgaricus
. Yeast extract also enhanced thebiomassyield. The
stimulation of mycelial growth by yeast extract in
Volvariellaesculenta was al so reported by Fasidi(?9.
Likewise, Gbolagadeet d*! (obtained highest mycdid
yield (200mg100cm-? with yeast extract in Lentinus
subnudus. The promotion of growthwith thiscomplex
organic nitrogen source may be due to its complex
nature. Kadiri®! suggested that yeast extract hasboth
carbon source, amino acidsand vitamins. Thismay be
the reason why this compound enhanced excellent
growth in these wild mushrooms. Yeast extract also
stimulated very good growth in P.tuber-
regium, T.clypeatus and Phydnoides (TABLE 4).
Among the four nitrogen sources used in
C.occidentalis, peptone sustained the best growth
(92mg/100ml) intheliquid medium used for amylase
assay. Thiswasfollowedin order by urea, yeast extract
and sodium nitrate (P=0.05). Among al other nitrogen
compounds used by Jonathan et a® for Auricularia
polytricha, peptonewasreported of promoting greatest
biomassyied (320mgecm-3). The support of growth by
peptone may also be due to its complex nature in
containing both carbon sources and amino acids.
Sodium nitrate, an Inorganic nitrogen compound

generaly inhibited good mycelia biomassyieldinthe

NaNO3

CEL AML CEL
73*  37% 38°

M ushrooms
Pogonomyceshydnoides
Termitomyces clypeatus
Nothopanushygrophanus 49
Podoscyha bolleana
Corilopsisoceidentalis

Agaricus blazel

Termitomycesglobules
Coriolus versicolor

Pleurotustuber-regium
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entirewild mushroomtested. Thisresultisinlinewith
the earlier observation that in mushroom propagation,
inorganic nitrogen sources are poor mycelial growth
stimulatorg?27,

CONCLUSION

The mycelial growth of Nigerian mushrooms
collected from thewild as obtained in thisstudy were
generally favoured between temperature range of 25
and 30°C. Likewisedl thefunga samplesthriveswell
within the pH range of 5.8 and 7.8. Carbohydrate
sources such as carboxymethylcellulose (CMC),
glucose and maltose were found to significantly
enhanced mycelial biomass production of these
mushroomsunder different enzymeaction. Nitrogen
compounds such as yeast extract, peptone and urea
also stimulated different degrees of mycelia biomass
yield. These information could be a useful tool in
producing mycdlid starter culturesfor theemerging
mushroomindustriesin Nigeria
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