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Abstract: When Pleurotus tuber-regium was cultivated on cotton waste , rice straw, cocoyam peels and sawdusts of Mansonia altissima,

Boscia angustifolia and  Khaya ivorensis, the highest crude protein, crude fat and carbohydrate contents in sporophores were

29.4 (M. altissima) , 1.4 (rice straw) and 61.3% (cocoyam peels), respectively. Sporophores produced on rice straw had the greatest

energy value and those on B. angustifolia the least i.e. 3147.6 and1709.1 kcal g-1 substrates, respectively. The greatest degradation of the

components of the substrates as a result of the cultivation was 62.4 and 71.5% for cellulose and hemicellulose in cotton wastes and 60.2%

for lignin in K. ivorensis , with the greatest reduction in energy value of the substrate being 2667.9 kcal g-1 substrate in K. ivorensis. There

was no correlation between the extent of the degradation of these components and the yield of of sporophores, while the energy recovery

of substrate in the mushroom was highest for cocoyam peels and least for sawdust of B. angustifolia, 3.7 and 0.5%, respectively.
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Introduction

There is increased awareness that waste products of

agricultural and industrial concerns contribute to increased

eutrophication owing to excessive discharge of nutrients. Microbial

contamination can impair the quality of receiving water bodies by

producing offensive odours caused by the anaerobic decomposition

of organic residues, resulting in unsightly waste storage at land

disposal sites (Hamza, 1989).

Thus , successful utilization of agro-wastes for both mycelial

and sporophore formation of macrofungi, supplies the nutrients

needed by these fungi to convert them to protein-rich palatable

food. It also helps in reducing the environmental and health hazards

posed by indiscriminate dumping of the wastes (Villario et al., 1995;

Fasidi ,1996; Ragunathan et al.,1996; Pandey , 2006). Mushroom

hyphae secrete large amounts of extracellular enzymes which bring

about the degradation of macromolecules such as cellulose,

hemicellulose, lignin and protein in the substrates (Narsi et al.,2006;

Kuforiji and Fasidi, 2008). After harvesting the fruitbodies, the lignin

and cellulose are modified and the digestibility of the substrate as

animal feed is enhanced (Zadrazil and Dube, 1992). Pleurotus

tuber-regium (Fr.) Singer grows in the wild on logs, leaf litter, forest

floors and buried wood. It produces both sporophores  (mushrooms)

and tuberous sclerotia. The latter enable survival in environmental

conditions such as drought, fire, flooding or other ecological

catastrophe. P. tuber-regium is of great economic importance in all

parts of Nigeria as both the sporophores and sclerotia are edible,

accepted as substitute for melon seeds and also used for medicinal

purposes (Oso, 1977; Okhuoya, 1997). This study attempts to

determine the nutritional composition, energy values and the

recovery of the mushroom in various agricultural wastes, as well as

the potential use of the spent mushroom composts as  animal feed,

by analyzing the percentage degradation of cellulose, hemicellulose

and lignin components of these substrates.

Materials and Methods

The inoculum for this study was obtained by culture of

Pleurotus tuber-regium sporophore tissue collected from Federal

Institute of Industrial Research, Oshodi, Nigeria and established on

potato dextrose agar (PDA) at 28oC.

Substrates: Cotton waste, rice straw, cocoyam peels and sawdusts

of Khaya ivorensis, Mansonia altissima and Boscia angustifolia, the

agro industrial wastes were obtained locally.

Cultivation of mushroom P. tuber-regium: Samples (1 kg) of

cotton waste, rice straw, cocoyam peels and sawdusts of M.

altissima, K. ivorensis and B. angustifolia were prepared according

to Fasidi and Kadiri (1995). Cocoyam peels were chopped into

pieces (1-3 cm), rice straw was soaked in water for 3 hr and then

dried to remove excess water and cotton-waste was teased into

small pieces. All wastes were treated with 2% CaCO
3
 suspension in

water, pressed to expel excess water and sterilized at 121oC for 2

hr.  Each treatment was replicated three times. On cooling, each

waste was inoculated with 100 g of 3-weeks old cotton-waste spawn

(seed) prepared using the method of Fasidi and Ekuere (1993)

and covered with a clean transparent polyethylene sheet. After 28

days, the sheets were removed to aerate the waste and exposed to

light. Water was added to initiate development of fruitbodies which

formed over 8-12 weeks at a temperature of 28oC and relative

humidity of 68%. The sporophore yield was noted within this period.
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Moisture: Moisture content was determined after drying the sample

at 80oC for 72 hr and expressed as % of fresh weight (Staples,

1976).

Crude protein: To a dried ground 2.0 g sample of P. tuber-regium

sporophore, 5.0 g NaSO
4
; 0.1 g CuSO

4
.7 H

2
O and a trace of SeO

2

were added. Concentrated H
2
SO

4
 (25 ml) was added to the above

mixture in a Kjedhal flask and these were completely digested.

Ammonia was distilled off into 50 ml 2% boric acid solution for 15 min

and the excess acid in the distillate titrated with 0.1 M HCl solution.

The crude protein was 6.25 x nitrogen content obtained from the

titration (AOAC, 1980).

Crude fat: Samples (2 g) of the dried and ground sporophore of

the mushroom on filter paper in a funnel were extracted with five 20

ml volumes of water. The samples were dried to a constant weight

at 105oC and extracted with 80 ml of dry diethyl ether in Soxhlet

apparatus for 6 hr (AOAC, 1980).

% crude fat =
  amount of ether extract x 100

                               Sample weight

Carbohydrate: The dried and ground samples (2 g) of sporophore

were mixed with 100 ml distilled water and 10 ml 80% ethanol for

1 hr in a shaker. The insoluble residue was refluxed for 15 min with

40 ml 10% HCl left to cool and adjusted to pH 7 with NaOH. To this

solution was added 13 ml 9.5% (w/v) Ba(OH)
2
.8H

2
O and 13 ml 5%

(w/v) ZnSO
4
.7H

2
O. The protein was collected by centrifuging at

2000 rpm for 10 min in an MSE centrifuge and then discarded. The

supernatant was filtered through glass wool and made up to 250 ml

with distilled water. To 1 ml solution was added 4 ml anthrone reagent

(2% w/v in  conc. H
2
SO

4
). After mixing by shaking, the contents

were heated in a water bath for 10 min and cooled. The optical

density of the solution was measured at 620 nm. The corresponding

amount of carbohydrate  was extrapolated from the standard curve

(Yemn and Willis, 1954).

Cellulose, hemicellulose and lignin: These were determined

before and after mushroom growth by the method of Datta (1981).

Lignin: The wastes were extracted with ethanol : benzene 1: 2 (v/v)

for 4 hr, washed with ethanol and ether and then dried at 45oC. The

residue was refluxed with 150 ml 5% H
2
SO

4
 for 1hr. Final washing

was carried out with 20 ml hot water and refluxed in 150 ml 3% H
2
SO

4

for 2 hr. The amount of lignin was calculated on an ash- free basis.

Cellulose: Chlorine gas was passed into a weighed and moistened

sample,W1 (2 g) in a conical flask, followed (3 times at 5 min interval)

by 5 ml 17.5% NaOH solution. Distilled water (33 ml) was added

and the sample filtered, dried at 105oC for 2 hr and weighed (W2).

50 ml of 8.3% NaOH solution was added and the contents filtered

again and washed four times with distilled water after which  it was

again filtered and the residue dried at 105oC for 2 hr. The weight of

the residue was calculated as W3.

Percentage cellulose =    W3 x100

                         W2

where W3=dried weight of the cellulose sample

Percentage holocellulose =  W2 x100

                                               W1

Where
 
: W1

 
 =  initial dry weight of the sample and W2 = dried

weight of holocellulose in the sample. The hemicellulose was

obtained as the difference between the holocellulose and cellulose

contents.

Energy value: The energy value of the sporophores was

calculated  on the basis of their crude protein, crude fat and

carbohydrate using the factors 26.2, 83.7 and 42.0 kcal g-1

respectively (Crisan and Sands, 1978). The energy value of the

wastes was calculated from the cellulose, hemicellulose and lignin

content using the factors 42.0, 42.0 and 71.0 kcal g-1 respectively

(Dent and Brown, 1978).

Statistical analysis: Statistical analyses of results were carried

out by analysis of variance (Sokal and Rohlf, 1969).

Results and Discussion

Pleurotus tuber-regium cultivated on the different agro-

wastes had different moisture, crude protein, crude fat and

carbohydrate contents (Table 1). These were in the range of 89.4-

91.7; 16.7-29.4; 0.7-1.4 and 34.6-60.7%, respectively. The  highest

moisture content of 91.7% was in K. ivorensis, giving a dry matter

content (obtained by difference) of 8.3%. The resultant dry matter is

of significance in mushroom preservation as it reduces the risk of

bacterial contamination of the sporophores, increases shelf life and

decreases shrinking during canning (Van Loon et al., 2000). The

amount of crude protein in this fungus is higher than obtainable in

plant foods such as corn (1.3%), potatoes (2.0%), tomatoes (1.3%)

and spinach (1.3%) (Jay, 1978). The food and agricultural

organization (FAO) recognizes mushrooms as food contributing to

the protein nutrition of the countries which depend largely on cereals

because of their high protein quantity and quality. In addition,

Pleurotus sp. do not produce toxins generally associated with some

mushrooms (Mane et al., 2000). Thus, consumption of this

mushroom needs to be encouraged especially in areas where

animal protein is rather expensive. Moreover, the nutritional

composition of the fruitbodies differ in the substrates as the crude

protein, crude fat and carbohydrate contents were 20.8, 0.9 and

56.6% in cotton waste and 29.4, 0.7 and 39.05% respectively in

M. altissima (Table 1). This suggests that the substrates affect the

nutritional composition  of the fruitbodies as reported by Kuforiji et al.

(2003). The amount of cellulose, hemicellulose and lignin were in

the range of 44.0-73.0, 4.0-28.0 and 6.0-26.0%, respectively in

the waste as shown in Table 2. This is comparable with cotton waste

compost ready for V.volvacea spawning as reported by Chang and

Miles (1989), which contained 8% hemicellulose, 73% cellulose

and 6% lignin. Generally sawdusts contain higher quantity of lignin
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Biodegradation of agro-wastes by Pleurotus tuber-regium

than other agro-wastes, while cotton waste consists mainly of cellulose

(73%). This implies that these components may differ in the same

substrates due to the age of the plants and its location. The

degradation of lignin, a complex polymer by basidiomycetes (60.2%

in K. ivorensis), is of economic importance because, in anaerobic

conditions, lignin is recalcitrant and requires oxygen for effective

polymerization and solubilization. Rolz (1984) reported that microbial

conversion is of importance in the production of feed and food from

ligno-cellulosics, thus P. tuber-regium has potential use in

bioconversion of agro-wastes to animal feed by increasing the

digestibility of these materials by ruminants. Kuforiji and Fasidi (2008)

also reported that higher activities of proteinase, cellulase, lipase

and catalase were observed in the fruitbodies compared to the

sclerotia. These enzymes were found to affect the shelf life, food

nutrient and flavour of the mushroom.

The percentage degradation of each component varied

with the substrate (Table 2), with initial and final lignin, cellulose and

hemicelulose levels of 26.0 to 10.4 ; 73.0 to 27.4 and 4.39 to 1.25%

respectively in K. ivorensis and cotton waste , representing 60.2,

62.4 and 71.5% degradation of these components in the wastes

respectively (Table 2). These show the extents to which they were

utilized by the mushroom. Rajarathman et al. (1979) stated that P.

sajor-caju degraded lignin and cellulose from 45 to 15% and 15 to

5% respectively after 36 days, while Zadrazil (1980), and Bisaria

et al. (1987) also reported the ability of P. sajor-caju to degrade the

components of ligno-cellulosic residues. Kuforiji and Fasidi (2004)

Table - 1: Analysis of Pleurotus tuber-regium fruit bodies in various wastes

Substrates Moisture content (%) Crude protein  (%) Crude fat (%) Carbohydrate (%)

Cotton waste 87.6 * 20.8* 0.9 ns 56.5*

Rice  straw 89.4 18.3n.s. 1.4 ns 60.7*

Cocoyam 86.0* 16.7 0.7 61.3*

M. altissima 88.8* 29.4* 0.7 39.0*

K. ivorensis 91.7* 19.6 * 0.7 48.9*

B. angustifolia 88.4* 22.3* 0.7 34.6

Values are mean of triplicate determination and are significant at 5 and 1% levels (*), respectively, ns- Not significant ;  All data are presented as percentage

of dry weight, except moisture content (percentage of fresh weight)

Table - 3: Energy recovery of various agro-residues in fruit bodies of  P. tuber-regium

Waste Energy value Energy value of Reduction in energy Energy value Yield of Energy value Energy recovery

material of substrate degraded substrate value of substrate of mushroom mushroom of mushroom of substrate in

(kcal g-1) (kcal g-1) (kcal g-1) (kcal g-1) (g kg-1 of (kcal g-1) mushroom (%)

substrate)

Cotton waste 3677.1* 1471.3 2205.8* 2993.3* 36.8* 110.2* 3.0*

Rice straw 3802.7* 2778.8* 1023.9* 3147.6* 20.2* 63.6* 1.7ns

Cocoyam 3027.7 2630.8* 396.9 3066.1* 9.5 29.1* 3.7*

M.altissima 4570.0* 3313.9* 1256.1* 1810.7* 22.8* 41.3* 0.9ns

K.ivorensis 4870.0* 2202.1* 2667.9* 2304.4* 32.5* 74.9* 1.5ns

B.angustifolia 4276.0* 3531.5* 738.1* 1709.1 12.5* 21.4 0.5

Values are mean of three replicates and are significant at 5 and 1 % levels (*), respectively  ;  ns- Not significant

Table - 2: Degradation of lignin, cellulose and hemicellulose content of wastes as a result of cultivation of P. tuber-regium

    Lignin        Cellulose                    Hemicellulose

Substrate     % in waste
% degradation

     % in waste
% degradation

     % in waste
% degradation

Initial Final Initial Final Initial Final

Cotton waste 6.0 3.6 37.6* 73.0 27.4 62.4* 4.4 1.3 71.5*

Rice straw 15.7 8.2 47.8* 38.6 31.5 18.4* 25.4 30.8 18.1

Cocoyam 10.7 8.6 19.6* 50.0 42.5 15.0ns 4.0 2.9 27.5*

M. altissima 20.0 15.5 22.5* 50.0 33.1 33.7* 25.0 19.1 21.7*

K. ivorensis 26.0 10.4 60.2* 44.0 20.6 53.2* 28.0 14.5 48.2*

B. angustifolia 20.0 17.5 12.5 53.0 45.7 13.7 15.0 8.8 41.6*

Values are mean of triplicates determination and are significant at 5 and 1% levels (*), respectively ;  ns - Not significant
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reported that Volvariella volvacea degraded lignin, cellulose and

hemicellulose components of cotton wastes by 10.75, 39.2 and

47.6%, respectively, signifying that P. tuber-regium are better

degraders than V. volvacea.

The energy values of the substrates were higher than

those of the mushrooms grown in the wastes, 3802.7 and 3247.6

kcal g-1 respectively in rice straw giving reduction in energy value

of substrate of 1023.9 kcal g-1 (Table 3). This implies that some

materials are still resident in the spent mushroom substrates which

may be beneficial to other organism in the ecosystem. These

values were comparable with energy values of 3000 and 2940

kcal g-1 of waste obtained for P. sajor-caju on paddy straw and P.

citrinopileatus on maize stover and coir pith by Bisaria et al.

(1987) and Ragunathan et al. (1996) respectively, while Bano

and Rajarathman (1979) had values of 2610 , 2650 , 2710 and

3280 kcal g-1 of waste for P. eous, P. florida, P. flabellatus and P.

oestreatus. The energy recovery of various agro residues in

fruitbodies of P. tuber-regium is within the range 0.5-3.7% which

could be considered low when compared with 5-10% obtained

by Bisaria et al. (1987) for P. sajor-caju in wheat straw, paddy

straw, sarkanda and banana leaves, respectively and 10.5 and

9.5% respectively obtained by Ragunathan et al. (1996) for P.

sajor-caju and P. platypus on paddy straw, respectively. However,

no correlation was found between the extent of degradation of the

components and the yield of sporophores (Table 2, 3). Thus, it

can be concluded that ample potential exists for the bioconversion

of agro-industrial wastes by P. tuber-regium to produce nutritious

food for human and high quality animal feed from the spent

mushroom composts as well as meeting the growing demand for

energy.
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