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1 Introduction
Huge amount of waste is generated by the agricultural 

sector, forest exploitation, and food industries, which are 
chemically treated or sent to sanitary landfills. In the search for 
equilibrium between the social, economic, and environmental 
factors, the reuse of agricultural waste has taken on an extremely 
important dual purpose: elimination of the waste from the en-
vironment and giving it added value through the production of 
low cost food (VILLAS-BÔAS et al., 2002). One of the strategies 
developed for the disposal of large amounts of lignocellulosic 
waste is the production of edible mushrooms (CHANG; MILES, 
1992). Recent studies have employed agricultural and forest 
waste to optimize biological, chemical, and physical parameters 
for mushrooms cultivation (LEIFA, 2002; CHAVES et al., 2004; 
FURLAN et al., 2006; GERN et al., 2007). In this context, the 
use of Pleurotus genus mushrooms constitute an important al-
ternative for the reuse of lignocellulosic residues in Brazil (ABE 
et al., 1992; BONONI et al., 1995; SANTOS, 2000; SILVEIRA 
et al., 2006). Especially in the State of Santa Catarina it can be 

used in the bioconversion of banana residues, as it is one of the 
most important cultures in the state (IBGE, 2008).

Solid inoculum using wheat grain colonized by the fungal 
mycelium has been traditionally used for mushroom production 
(HESSELTINE, 1987; ABE et al., 1992; GUNDE-CIMERMAM, 
1999). However, Chang and Miles (1993) stated that the replace-
ment of solid by liquid inoculum could reduce laboratory cost 
and make the inoculation technique easier. According to Friel 
and McLoughlin (2000), the liquid inoculum can be used for 
the mycelium proliferation on solid support, or it can be directly 
inoculated in the production substrate. Considering that bio-
active substances can be produced by Pleurotus in submerged 
cultivation, the mycelium biomass is a by-product that can be 
further used as inoculum for solid cultivation.

Based on the discussion above, the present work aimed to 
evaluate the production parameters of Pleurotus ostreatus fruit-
ing bodies cultivated in banana straw, as well as to estimate the 

Resumo 
Pleurotus ostreatus, conhecido mundialmente como cogumelo ostra, foi cultivado em palha de folha de bananeira, utilizando-se inóculos 
produzidos por dois processos diferentes: inóculo líquido e inóculo sólido usado tradicionalmente. Diferentes taxas de inoculação (5, 10, 15 e 
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cultivo de P. ostreatus proporcionou maior degradação de lignina (80,36%), seguido de hemicelulose (78,64%) e celulose (60,37%). Diferenças 
significativas entre uma e duas colheitas também foram observadas para os parâmetros de produção (eficiência biológica e rendimento) 
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Abstract
Pleurotus ostreatus, worldwide known as oyster mushroom, was cultivated in banana straw using inocula produced by two different processes 
- liquid inoculum and the traditionally used solid inoculum. Different ratios (5, 10, 15, and 20%) were tested. Biological efficiency, yield, 
productivity, organic matter loss, and moisture of fruiting bodies as well as physical-chemical characteristics of banana straw were studied. 
Significant differences were observed for cellulose, lignin, and hemicellulose content between one and two harvests for both solid and liquid 
inocula. It was observed that P. ostreatus growth promoted higher degradation of lignin (80.36%), followed by hemicellulose (78.64%) and 
cellulose (60.37%). Significant differences between one and two harvests were also observed for the production parameters (biological 
efficiency and yield) for both kinds of inocula, liquid and solid. However, significant differences in productivity between harvests were 
observed only for solid inoculum.
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physical-chemical characteristics of the exhausted substrate, 
after cultivation using solid and liquid inocula.

2 Materials and methods

2.1 Microorganism and maintenance 

Pleurotus ostreatus DSM 1833 was maintained in PDA 
(potato, dextrose, agar) medium, in Petri dishes, as described 
by Furlan et al. (1997), at 4 °C.

2.2 Inoculum cultivated in solid medium

Wheat grains were used as colonization support, growth 
substrate, and energy source. Polypropylene bags were prepared 
with 250 g of wheat grains, 1.3% (w/w) calcium sulfate, and 
0.35% (w/w) calcium carbonate. The bags were closed, sterilized 
for 1 hour at 120 °C, cooled to room temperature, and inoculated 
with 3 agar disks (15 mm diameter) containing the mycelium 
of P. ostreatus removed from the Petri dishes. The bags were 
incubated at 30 °C in the dark for 15 days or until complete 
colonization of the surface of the grains by the mycelium. The 
bags containing the “solid inoculum” were kept for 3 months 
at 4 °C for further use.

2.3 Inoculum cultivated in liquid medium

“Liquid inoculum” was obtained from submerged cultiva-
tion of P. ostreatus in POL medium (5,0 g.L–1 (NH4)2SO4; 0,2 g.L–1 
MgSO4.7H2O; 1,0 g.L–1 K2HPO4; 2,0 g.L–1 yeast extract; 1,0 g.L–1 
peptone) using 40 g.L–1 glucose in a stirred tank reactor MD 
B. BRAUN with initial KLa equal to 15 h–1, pH 4.0 and 30 °C 
(WISBECK et al., 2002). After 14 days of cultivation, the cell 
suspension was centrifuged and the mycelium was resuspended 
in 0.9% saline solution, transferred to Eppendorf tubes, and 
stored at 4 °C for further use.

2.4 Culture medium and conditions

Banana leaves were ground and then dried in an oven 
(SHELLAB – 1370FX) at 60 °C for 1 hour and packed in raf-
fia bags. The bags were submerged in water for 12 hours, as 
described by Madan et al. (1987). After eliminating the excess 
of water, the substrate was weighed, supplemented with 5% 
(on a dry weight basis) rice bran and transferred to polypro-
pylene bags. These were then closed, sterilized in an autoclave 
(PHOENIX AV-137) for 1.5 hours, cooled to room temperature, 
and inoculated. For both kinds of inocula, solid and liquid, the 
following inoculation ratios were tested: 5, 10, 15, and 20% of 
dry weight. The inoculated substrate was maintained at 25 °C 
under light until total colonization with the fungal mycelium. 
The bags were transferred to the cultivation room for fruiting 
bodies production. Environmental conditions used in this step 
were: 27 °C, 88% air humidity, and 12 hours of light per day. 
Primordia were induced by making small perforations in the 
bags. Fruiting bodies were harvested with a scalpel after 20 days 
of cultivation (STURION, 1994), weighed (METTLER- PM 
4800), and dried in an oven (SHELLAB – 1370FX) at 45 °C for 
24 hours. All experiments were carried out in octuplicate.

2.5 Production parameters calculation

Biological efficiency was calculated as proposed by Bisaria 
et al. (1987). Yield was determined as described by Chang 
et al. (1981), and productivity was obtained by the relationship 
between the fruiting bodies’ dry weight and the cultivation 
time.

2.6 Substrate composition analysis

Samples of banana straw from all the bags representing 
the same inoculation ratio and the same harvest were mixed 
and dried at 105 °C. Substrate composition analyses were then 
performed in triplicate. The cellulose, hemicellulose, lignin, 
organic matter, digestibility, total digestible nutrients, and pH 
values were obtained according to Silva (1981). Total nitrogen, 
fiber, fat, and ashes were determined according to the A.O.A.C. 
(1984) methods.

2.7 Statistical analysis

All the parameters were analyzed by Dixon’s “Q” test with 
90% reliability (r10), as proposed by Rorabacher (1991). The 
variance of the average values of the samples was calculated 
by the F test, with a significance level of 1%. For samples with 
significant differences, Duncan’s test was used with a 1% con-
fidence level.

3 Results and discussion
Table 1 presents the composition of banana straw in natura 

after supplementation and sterilization.

Based on the results presented in Table 1, banana straw is 
mostly composed of cellulose (53.45%), followed by hemicel-
lulose (28.56%) and lignin (15.42%). These values are in ac-
cordance with the literature (STURION, 1994; GHOSH et al., 
1998). It can be seen that the substrate presents a low level of 
digestibility (15.40%). The substrate composition changed after 
supplementation and sterilization, which according to Stölzer 
and Grabbe (1991), it may result from the release of sugar from 
the straw components after thermal treatment. On the other 

Table 1. Composition of banana straw in natura after supplementation 
and sterilization.

Parameter In natura 
(%)*

Supplementation and 
sterilization (%)*

Hemicellulose** 28.56 21.82
Cellulose** 53.45 52.79
Lignin** 15.42 12.27
Digestibility** 15.40 13.00
Total digestible nutrients** 16.20 12.00
Organic matter** 95.50 92.30
Total nitrogen** 6.02 8.52
Total fiber** 28.54 27.89
Total fat** 3.78 3.46
Ashes** 6.77 6.97
pH** 6.30 5.75

*g.100 g–1 dry matter; and **experiments were carried out in triplicates and average 
values are presented.
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hand, the nitrogen and ash levels increased due to the supple-
mentation with rice bran.

After supplementation and sterilization, this substrate was 
tested for P. ostreatus growth using solid and liquid inocula at 
different ratios (5, 10, 15, and 20%). The analysis of the growth 
substrate showed significant differences in cellulose, lignin, and 
hemicellulose contents between the first and the second harvests 
for both kinds of inoculum. The same was observed for the fiber 
content for the solid inoculum.

It was found that Pleurotus growth promoted higher degra-
dation of lignin (80.36%), followed by hemicellulose (78.64%) 
and cellulose (60.37%), which agrees with the findings of Hadar 
et al. (1992) who cultivated the same species in cotton waste. 
These results were obtained with 10% “liquid inoculum” after 
two harvests and proved higher than those reported in the 
literature (ORTEGA et al., 1992; BONATTI, 2001). According 
to Tuor et al. (1995), the higher or lower degradation of these 
components depends on the substrate supplementation, the 
fungal species, and the environmental conditions used for the 
cultivation.

A lower total fiber content (11.48%) was obtained with 5% 
solid inoculum after two harvests, which represents a decrease 
of 58.84% compared to the supplemented and sterilized straw. 
This reduction was higher than that observed by Ortega et al. 
(1992).

No significant difference was observed between solid and 
liquid inocula or first and second harvests for organic matter 
content, digestibility increase, nitrogen content, lipids content 
reduction, and ash content increase. For these parameters, the 
average values are presented below.

The organic matter content in the substrate decreased by 
5.1% (average value) after P. ostreatus growth and fruiting bodies 
formation. As described by Rajarathnam and Bano (1989), this 
is due to CO2 and H2O loss during fungal metabolism, and, also 
to the elimination of some substrate materials in the production 
of fruiting bodies.

Digestibility increased by 185.7% (average value). This value 
is higher than that found by Zadrazil and Puniya (1995), but 
similar to that reported by Bonatti (2001). It was observed in 
this study that the digestibility was higher after the first harvest 
and decreased after the second in agreement with the results 
reported by Hadar et al. (1992) for Pleurotus spp. cultivated in 
cotton wastes. The average value obtained in this work for total 
digestible nutrients (31.3%) is similar to that found by Bonatti 
(2001) for banana straw.

The average value for nitrogen content of the straw was 
5.8%, representing a 63% reduction compared to the supple-
mented and sterilized substrate. This value is higher than that 
reported by Bisaria et al. (1987) and Ortega et al. (1992). 

The average value of lipids content reduction was found to 
be 69%. The average value for ash (10.10%) presented an increase 
of 63.8% when compared to the supplemented and sterilized 
straw. Similar data were obtained by Hadar et al. (1992) and 
Bonatti (2001). According to Sturion (1994), this is due to the 
use of the organic matter for fungi growth.

Table 2 presents the values of biological efficiency, yield, 
productivity, and moisture of P. ostreatus fruiting bodies cul-
tivated in banana straw with solid and liquid inocula after one 
and two harvests.

The highest value of biological efficiency (6.84% - after 
two harvests using 20% solid inoculum) is lower than that re-
ported in the literature (CHANG et al., 1981; STURION, 1994; 
SANTOS, 2000) due to the number of harvests evaluated. In 
this study, we preferred to use only two harvests – even though 
this results in lower biological efficiency – due to the large loss 
of productivity when increasing the number of harvests (results 
not shown). While the average time needed for two harvests is 
between 46 and 51 days, about 100 days are necessary to obtain 
4-5 harvests (STURION, 1994).

The highest yield value (81.82% - after two harvests using 
5% solid inoculum) is similar to that reported by Chang et al. 
(1981) and Sturion (1994) using only one harvest, but it is higher 

Table 2. Biological efficiency, yield, productivity, and humidity of P. ostreatus fruiting bodies cultivated in banana straw with solid and liquid 
inocula after each harvest.

Parameter Solid inoculum -  
one harvest*

Liquid inoculum -  
one harvest*

Solid inoculum -  
two harvests

Liquid inoculum -  
two harvests

5% 10% 15% 20% 5% 10% 15% 20% 5% 10% 15% 20% 5% 10% 15% 20%
Biological 
efficiency 
(%)

3.75
a e h

4.08
a e g h

3.19
a e h

4.18
a e g h

281
a e g

3.39
a e g

4.00
a e g

3.89
a e g

6.77
a e g

6.51
a e g

5.55
a e g h

6.84
a e g

4.69
a e g

6.03
b e h

6.41
b e h

6.74
b e h

Yield
(%)

48.03
a e g

46.67
a e g

40.45
a e h

44.95
a e g

31.03
a e h

39.74
a e g

42.92
a e g

42.06
a e g

81.82
a e g

73.32
a e g

61.84
a e g

65.88
a e g

49.94
a e g

66.75
a e g

63.86
a e g

65.26
a e g

Productivity
(g day–1)

15.35
a e g

15,11
a e g

10.99
a e g

17.15
a f g

7.32
a e g

8.14
a e g h

11.60
a e g h

11.84
a e g h

22.00
a e g

19.59
a e f g

15.10
a e f g

20.20
a e f g

11.21
a f g h

13.24
a e f g h

15.12
a e f g h

17.30
a e f h

Humidity
(%)

91.73
a e g

89.28
a e g

92.31
a e g

90.59
a e g

91.35
a e g

90.77
a e g

88.86
a e g

86.45
a e g

89.51
a e g

89.03
a e g

91.87
a e g

91.17
a e g

89.19
a e g

90.06
a e g

89.95
a e g

85.83
a e g

a, b, c, d = indicate the existence or not of significant differences in the production parameters between the different inoculation ratios for each kind of inoculum (analysis between 
columns of 5, 10, 15 and 20%); e, f = indicate the existence or not of significant differences in the production parameters between the solid and liquid inocula for the same harvest 
(analysis between columns of solid and liquid inoculum for one harvest and between solid and liquid inoculum for two harvests); and g, h = indicate the existence or not of significant 
differences in the production parameters between one and two harvests for the same kind of inoculum (analysis between columns of solid inoculum for one harvest and two harvests 
and also for columns of liquid inoculum for one harvest and two harvests).
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than the values presented by Bonatti (2001). According to Bisaria 
et al. (1987), the yield of fruiting bodies varies with the kind of 
the substrate used, but there is no relationship between cellulose, 
hemicellulose, and lignin degradation and fruiting bodies yield. 
On the other hand, Rajarathnam and Bano (1989) consider that 
the higher capacity for lignocellulosic waste degradation implies 
a higher yield. This kind of relationship was not observed in our 
work: the highest degradation of cellulose and hemicellulose was 
observed with 10% liquid inoculum, while the highest yield was 
obtained with 5% solid inoculum, both after two harvests.

The highest productivity (22 g day–1) was obtained with 5% 
solid inoculum after two harvests, and the average productivity 
was higher with solid inoculum than with liquid.

4 Conclusions
When the growth substrate was analyzed, significant dif-

ferences were observed for cellulose, lignin, and hemicellulose 
contents between one and two harvests for both solid and liquid 
inocula. The total fiber content presented a significant differ-
ence for liquid inoculum after two harvests. It was observed 
that P. ostreatus growth promoted higher degradation of lignin 
(80.36%), followed by hemicellulose (78.64%) and cellulose 
(60.37%). These values as well as the increase in digestibility 
obtained in this work are higher than those reported in the 
literature.

Significant differences between one and two harvests were 
observed for the production parameters of biological efficiency 
and yield for both kinds of inocula, liquid and solid. However, 
significant differences in productivity between harvests were 
observed only for solid inoculum. 

Generally, significant differences were mostly observed 
between one and two harvests, but not between the inoculation 
ratios or between the two kinds of inocula. Therefore, it can be 
said that solid or liquid inocula can be used for the production 
of P. ostreatus fruiting bodies with 5% inoculation ratio, which 
is less expensive. The production parameters obtained under 
these conditions were: 6.84% biological efficiency, 81.82% 
yield, 22 g day–1 productivity, 50.99% organic matter loss, and 
92.31% humidity.
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