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ABSTRACT

Mushrooms are fast becoming important components of dietsworldwide and it is necessary to find out appropriate
substrates on which they can be grown. Eight strains of two mushrooms: Pleurotusostreatus strain MES11797, 03416,
03772, 03364,03216 and Lentinula edodes strain MES 02008, 02052, 12060 were cultivated on substrate formul ated
from cassavaand yam wastes such as Cassavaped s, Cassavasticksand Yam pedl's. Sawdust of Triplochitonscleroxylon,
which hasbeen thetraditional substratefor the cultivation of Pleurotus spp. in Ghanawas used asthe control substrate.
Cassavapeel sagar supported the best growth for four Pleurotusspp. (MES 11797, MES 03772, MES 03216 and MES
03416) and one Lentinula strain (MES 12060). Yam peels however, support the best growth for Pleurotusstrain MES
03364. Cassava sticks supported the best growth for Lentinula strain MES 02008. Sawdust supported the best growth
for Lentinula strain MES 02052.
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INTRODUCTION

Ancient Egyptianempirecond dered mushroomsasadelicacy reserved for Pharaohsand the Romansand they atemushrooms
at feastsand believed that mushrooms provide strength for warriorsduring battle[1]. The Chineseon the other hand use
mushrooms more because of the medicina vauesthey have[2]. Mushroomsareadedicacy in Ghanaand areused inthe
preparation of many traditional and exotic dishes[3]. They areknown to have anti cancerous, anti cholesterol and anti
tumorous properties and are useful against ailments such as diabetes, high blood pressure, ulcer and lung diseases|[4].
Edible Mushrooms are agood source of protein, vitaminsand minerals[5]. Fresh mushrooms contain about 85-95%
water, 3% Protein, 4% Carbohydrates, 0.1% fats,1% mineralsand vitamins[6]. M ushrooms contai n gppreci able amounts
of potassium, phosphorus, copper andiron but havelow levelsof cal cium. Mushroom proteinisintermedi ate between that
of animalsand vegetables[7, 8]. Mushrooms such asthe genus Pleurotus are known to be among the largest of fungi
composed of filamentsand survivevery well inadamp or moist condition[9].

Cassava (Manihot esculenta Crantz) isthe third most important source of caloriesinthetropics, after riceand maize.
Millions of people depend on cassavain Africa, Asiaand Latin America[10]. Cassavaprocessing, especially in areas
wheretheindustry ishighly concentrated, isregarded as polluting and aburden on natural resources[11]. Inmany places
where cassavais cultivated and processed, heaps of cassava peelsarediscarded a ong the roads and causes unpl easant
odoursand unhygienic conditions[12].

Cassavaiscultivated in Ghanaon alarge scaleand some of thewasteisgivento livestock asfeed. Therestisleft tothe
westher and eventualy this createsahigh pollution problem. Over 90 per cent of the peel sareeither burnt or left unattended
toat dumping sites. A total of 3.6 million tonnes of cassavawaste peelsare discharged parts during the peeling process
which aregenerated annually. Peelsrepresent around two thirds of the waste, and about 200,000 tonnes of cassavacan
be saved through moreefficient peeling which trand atesinto potentia savingsof amost $37 million[13]. In the case of
yams, wasteismostly generated at the consumption level through households, chop barsand food vendors. Sinceyam
processingisvery limited, itisdone by afew small and medium enterprises.Yam (Dioscorea rotundata) peelsconstitute
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about 14 per cent of thevolumeof yam consumed and approximately five per cent of volumesof the crop tend to go waste
[13]. Thecassavaand yam peel s can therefore be used as efficient substrate for mushroom cultivation.

Thisstudy seeksto evaluate the use of cassavaand yam wastes as suitabl e substrates for the growth of five strains of
Pleurotus spp. and three strains of Lentinula mushroomswithin Ghanaian environmental conditions.

MATERIALSAND METHODS
M ushr oom culturesused

The cultures used for thiswork were obtai ned from the Plant Research International of the University of Wageningen,
Netherlands. Thesewere: P. ostreatusstrain MES 11797, MES 03416, MES 03772, MES 03364, MES 03216 and L.
edodes strain MES 02008, MES 02052, MES 12060.

Agar mediapreparations

Initia studieswere carried out on agar mediato ascertain the effectiveness of thesemedia. Themediaused were: cassava
peels agar -CPA, cassava sticks agar-CSA, yam peels agar-Y PA and sawdust agar-SDA. Cassava and yam peels,
cassava stickswere each solar dried for five days and milled mechanically using ahammer mill to afine powder and used to
prepare the agar media. Thiswas prepared by soaking 20 g of each substratein 200 ml of water and allowed to stand for four
hours. Then strained and the supernatant topped with distilled water up to 1 liter. Fifty grams of select agar and 20 g of
glucose were added and mixed. This mixture was put on a hot plate and stirred continuously till granules of the agar
dissolved. Then it was sterilized for 1 hour at 121 °C and poured into Petri dishesto set. Each substrate had two replicates.
Sawdust of Triplochiton scleroxylon agar was prepared as above.

M easur ement of myceliagrowth rates

Thevegetative growth of mycelium of the mushroom on the different media were assessed by measuring growth of the
fungusaong two diametersdrawn at right anglesat the bottom of the Petri platesprior toinocul ation. Measurementswere
madedaily for fivedays.

RESULTSAND DISCUSSION
Myceliagrowth on solid media

Myceliaextension of various strainsvaried on different solid media. L. edodes strain MES 02008 inoculated on'Y PA
showed thelowest myceliaextension by thethird (0.7 cm) and fifth days (1.0 cm) of incubation in comparisonto al the
other strainsof mushroomsstudied. Although the recorded low myceiaextens on wasnot sgnificantly different from values
recorded for the same strain onthe CPA, CSA, and SDA, the valuewas significantly lower than that recorded for L.
edodesstrain MES 12060 on all the solid media. Among the P. ostreatus strains, thelowest myceliaextension onthethird
day of incubation was 0.8 cm and wasrecorded for P. ostreatusstrain MES 11797 inoculated on CSA (Table 1).

Onthefourth day of incubation, thelowest myceliaextension (0.9 cm) wasrecorded for L. edodes strain MES 02052
inoculated onY PA. P. ostreatus strain MES 03364 recorded the highest myceliaextension of 1.9, 2.4 and 3.1 cmon days
3, 4, and 5 of incubation, respectively on'Y PA. With the exception of thevaluerecorded for strain MES 12060 on CPA
and Y PA, the high myceliaextension recorded for strain MES 03364 on'Y PA on thethird day of incubation (2.4 cm) was
significantly higher (P<0.05) than valuesrecorded for the same strain inocul ated on all the other solid media(Table 1).
Significantly lower myceliaextension of strain MES 03364 was al so recorded wheninoculated on CSA and SDA. Among
theother MES strains (11797, 03416, 03772, 03216) on the various media, significantly lower myceliaextensionswere
recorded for strain MES 03216 on SDA and Y PA and strainsMES 03416 and MES 11797 on all the solid media.

Thelowest, mean and the highest myceliagrowth ratesrecorded were 0.1 cm/day for strain MES 02008 on'Y PA, 0.4 cm/
day for variousstrainsand solid media, and 0.7 cm/day for strain MES 12060 aswell asstrain MES 03364 both incubated
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on CPA (Table 1). Among the L. edodes strains studied, strain MES 12060 recorded the fastest myceliagrowth onthe
solid media, whereasthe other two strains showed comparable myceliagrowth ratesfor the various solid media. Onthe
other hand, among the P. ostreatus strains studied, strain 03364 showed thefastest myceliagrowth ranging from0.5-0.7
cm/day (Table 1), closdly followed by strain MES 03216 with 0.5 and 0.6 cm/day on CSA and SDA, and CPA and Y PA,

respectively (Tablel).

Inastudy by Furlan et al. [14], the authorsreported growth rates of 0.38 cm/day on potato dextrose agar (PDA) and 0.4
cm/day on both wheat dextrose agar (WDA)) and malt extract agar (MEA) incubated inthe dark at 30°C for L. edodes
and growth rates of 0.75, 0.6 and 0.4 cm/day under the same condition on PDA, WDA and MEA, respectively for P.
ostreatus. Although the reported myceliagrowth ratesby Furlan et al . [ 14] are comparableto those reported herein, some
of thegrowth ratesreported for L. edodes herein arelower. However, both studiesindicate that myceliagrowth rate of
both mushroom speciesvarieson the growth mediaon which the myceliumisincubated. Furlan et al. [ 14] showed that the
differencein mycdiagrowth rate on the solid mediawasindependent of the pH of themediaand theincubation temperature.
Inglet et al. [15] haverecorded L. edodesmyceliagrowth rate of 0.6 cm/day using whey permeate at 40 g of lactose/L,
temperature 23.6 °C, and pH 5.0. Strain-and growth media—dependent variations of Lentinus squarrosulus mycelia
growth rate have also been reported [16]. As such, it appears reasonable to infer that variationsin L. edodes and P.
ostreatus myceliagrowth rates are strain and growth media dependent and that thismay be ageneral characteristic of
mushroom myceliagrowth regardless of the speciesor strain.

K nowledge about mediarequirements by strains of mushroomsisessential in tissue culturing for the further stepsin
mushroom studiesor cultivation. Moreover, theinformation isrequired to assesstheviability of thestrainin question. For
instance, knowledge of behavior of aparticular mushroom speciesor strain at specific conditions (mediaand incubation
parameters) would ensurethat viable, vibrant cultures are not discarded with the assumption that they are not vibrant
enough, especialy when classicd biotechnology techniquesarebeing applied.

Acrossthestrains, the slowest and fastest growth rates recorded on CPA were 0.4 and 0.7 cm/day, respectively, witha
mean value of 0.45 cm/day (Fig. 1). Growth ratesrecorded for the strainson 'Y PA showed wide variations, with values
falling within the extremerangesof 0.1-0.7 cm/day with amean value of 0.38 cm/day (Fig. 1). Mean myceliagrowthrates
of 0.46 and 0.44 cm/day wererecorded on CSA and SDA, respectively (Fig. 1). Myceiadensitiesrecorded acrossthe
mushroom species and strainson CPA had various degrees of myceliadensity (ranged from 2-4), thosefor CSA were
quitedense (2 and 3), and Y PA weregenerally highly dense (ranged from 3-5) (Fig. 2). Thelowest mycdliadensities(1 and
2) wereobserved on SDA (Fig. 2).

Themyceliadengitiesof the strains studied acrossthe solid mediaare shown in Fig. 3. The strains showed comparable
myceliadenstieson the various media, athough strain MES 03216 showed relatively low myceliadensitiesacrossthe
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Figur e 1. Box-and-whisker plots showing myceliagrowth rate on Figur e 2. Box-and-whisker plots of MES strain myceliadensity
the solid media on the solid media
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media. Mycelia densities of MES 03772 differed when i)
incubated on thedifferent solid media Theseresultsindicate l
that myceliagrowth rate doesnot directly correspondtothe
myceliadensity. Infact, aweak negative correlation of -
0.0635 was obtai ned between valuesrecorded for mycelia
growthrateand mycdliadengty for al themushroomstrains
studied onthevarioussolid media. Thus, thereisavery low
chance (lessthan 1%) that cultureswith high mycdliagrowth

Mircalla cdernlty

rates would have low mycelia densities. As such, it is

reasonableto infer that thereisno correl ation between the Nl

two parameters. Thisrelationship between myceliagrowth = ] — : : : — ,
rate and myceliadensity have been reported on Lentinus = v N

squarrosulusmyceliagrowth 16]. Figure 3: MES strain myceliadensity on solid media
However, in sdecting mushroom culturesfor further work on mushroom cultivation, itismore reasonableto select mycelia
with higher growth ratesrather than higher myceliadensities asfaster myceliagrowth would enable the mushroomto
rapidly fully colonize the substrate in order to outgrow contaminantsin the substrate if there are any contaminants.
Nevertheless, myceliadensity isalso an important factor asit has been observed that pinhead or primordial formation
occursonly after themyceliathickensor becomes dense on the substrate, indi cating that basidiocarp formationand yield
would be affected by themycdiadensity on the substrate. Culture behavior of mushrooms have beenindicated [17] to be
directly linked to cultivation and pharmaceutical aspectsof mushrooms.

M orphological description of mycelial growth on different substratemedia

Variousstrainshad different morphological characteristicsduring growth onthedifferent media. MES 11797 strain showed
clear zonation at the edge of the colony (Fig. 44). In addition, longitudina radial myceliawere observed on both sawdust
and cassavasticks agar. Concentric longitudinally radial growth on'’Y PA was quite prominent but not as prominent ason
CPA. Inthestrain MES 03416 (Fig. 4b), themycelia morphology on all mediashowed similar concentric longitudinally
radia growth. Green mould contaminant partialy restricted myceliagrowth. Strain MES 03772 (Fig. 4c), growing on CPA
andY PA had aconcentric longitudindly radiad myceliagrowthwhile CSA and SDA showed alongitudinaly radia mycelia
growth. Growth of mycediawas partialy inhibited by bacterial contaminant aswell. Myceliamorphology of ssran MES
03364 on al the substrateswas either concentric, longitudinally or radial. The concentric morphol ogy was prominent.
Mycelia morphology of MES 02008 strain were similar on SDA, CSA and CPA (Longitudinaly radial). Themycdia
morphology of strain MES 02052 had similar morphol ogy to that of MES 02008 on SDA, CSA and CPA (longitudinally
radial). However, therewasan uneven growthon'Y PA. For strain MES 03216 (Fig. 4d), themorphology wasdifferent on
each different media: SDA, CSA and CPA had longitudinadly radia myceliagrowth, Y PA had aconcentriclongitudinally
radial growth and adense myceliabut the strain was denser on CPA. The strain MES 12060 (Fig. 4€) had clear area
(zone) formed at the periphery of the colony, thisispossibly caused by an exudatefromthe mycelia. Thiswasespecialy
pronounced on'Y PA andislikely to be dueto the presence of extracellular enzymes. The morphology of thestrain MES
12060 on the medium SDA and CSA both showed alongitudinally radial growth.

CONCLUSION

Different agar mediasupported the growth of the different strains of mushroomswith cassava peelsagar supporting
majority of the strains (Pleurotus ostreatus strain MES 11797, 03416, 03772, 03216 and L. edodes MES 12060).
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YPA CSA
Figure4b. Morphology of mycelial growth of P. ostreatus MES 03416 on various solid media on the second day of incubation

CSA CPA SDA
Figure 4c. Morphology of mycelial growth of P. ostreatus MES 03772 on various solid media on the second day of incubation

CSA SDA ' CPA
Figure4d. Morphology of mycelial growth of P. ostreatus MES 03216 on various solid media on the second day of incubation
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YPA “CcPA ' CSA SDA
Figure 4e. Morphology of mycelial growth of L. edodes MES 12060 on the various solid media on thefifth day of incubation
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