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Alternative medium for production of Pleurotus ostreatus biomass
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Received 18 September 2006; received in revised form 27 November 2006; accepted 28 November 2006
Available online 15 February 2007
Abstract

Pleurotus species are recognized for producing b-glucans with important medicinal properties as a constituent of the cellular wall of
the fruiting body or of the mycelium. The aims of this work were to select a culture medium that maximized the production of biomass
and polysaccharides produced by Pleurotus ostreatus DSM 1833 and to evaluate the selected medium in two values of initial oxygen
transfer rate – KLa (10.2 and 19.3 h�1). A 2**4 factorial design was constructed to evaluate the supplementation of wheat extract with
corn steep liquor – CSL (10 or 20 g L�1), yeast extract – YE (2 or 5 g L�1), ammonium sulfate – AS (0 or 5 g L�1) and glucose (20 or
40 g L�1). In terms of maximum productivity in biomass and global productivity in polysaccharides, the best values were obtained when
5 g L�1 of YE and 40 g L�1 of glucose were used. In terms of maximum concentration of biomass, the best results were obtained when
20 g L�1 of CSL and 40 g L�1 of glucose were used. The best results in terms of production of biomass and polysaccharides were
achieved when lower initial KLa (10.2 h�1) was used.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Fungi of the Pleurotus genus have an important place
among the commercially employed basidiomycetes because
they have gastronomic, nutritional and medicinal proper-
ties and can be easily cultivated on a large range of sub-
strates. Besides the studies in solid culture aiming for the
production of fruit bodies, the submerged culture of the
genus Pleurotus has also been studied by several authors
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with the most varied objectives including the production
of liquid inoculum (Rosado et al., 2002), extracellular
enzymes (Garzillo et al., 1994), flavoring agents (Martin,
1992), b-glucosidases (Morais et al., 2002), antimicrobials
(Beltran et al., 1997; Wisbeck et al., 2002; Benkortbi
et al., in press) and vitamins (Solomko and Eliseeva,
1988). Biomass and intra and extracellular polysaccharides
are also the aim of several studies. Jung et al. (2003) inves-
tigated the effect of thinned fruits, apple, pear and peach on
the mycelial growth of Pleurotus finding superior yields of
biomass than those found in control medium. Wang et al.
(2005) used a response surface methodology to determine
the optimal conditions for production of water soluble
polysaccharides of the culture broth of Pleurotus citrino-

pileatus. Sarangi et al. (2006) purified proteoglycan
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Table 1
Evaluated factors in the factorial design used for definition of a culture
medium for the production of biomass and polysaccharides by P. ostreatus

Factors Level

– 0 +
Organic nitrogen source CSL – YE
Organic nitrogen source

concentration (g/L)
2.0 (YE) or
10.0 (CSL)

0 (YE or
CSL)

5.0 (YE) or
20.0 (CSL)

Ammonium sulfate
concentration (g/L)

0 2.5 5

Initial glucose
concentration (g/L)

20.0 30.0 40.0

CSL – corn steep liquor.
YE – yeast extract.
(�), (0) and (+) indicate the factors level as inferior, central and superior,
respectively.
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fractions from P. ostreatus mycelia that could be used as
immnomodulators and anticancer agents.

The polysaccharides represent the major constituent
that determines the rigidity and morphological properties
of the fungal cell wall and, depending on the culture condi-
tions they can also be excreted to the culture medium.
Among the polysaccharides produced by Pleurotus spp.,
b-1,3 glucans play an important role as biological response
modifiers (BRMs) (Bohn and BeMiller, 1995) which stimu-
late the immune system of the host and exert an extensive
range of immunopharmacological activities, in particular
an antitumor effect and the inhibition of metastasis, as well
as the stimulation of hematopoiesis (Mizuno and Zhuang,
1995; Gunde-Cimerman, 1999; Wang et al., 2005).

The possibility of application of these biopolymers in
human health led to intensive research on the characteriza-
tion and evaluation of these polysaccharides (Karácsonyi
and Kuniak, 1994; Gutiérrez et al., 1996; Rout et al.,
2005). The present work was designed to evaluate alterna-
tive culture media in order to maximize the production of
biomass and polysaccharides by P. ostreatus DSM 1833.
Aiming for a clean process and to reduce the medium costs,
two kinds of residues were used in the composition of the
culture medium: corn steep liquor, generated as a residue
of the corn industry and already tested with good results
as a nutrient for bacteria and fungi, and wheat extract, gen-
erated as a residue of the spawn industry.

2. Methods

2.1. Microorganism

P. ostreatus DSM 1833, obtained from DSMZ (Deut-
sche Sammlung von Mikroorganismen und Zellkulturen)
was maintained at 4 �C on WDA (Wheat Dextrose Agar)
(Furlan et al., 1997) Petri dishes.

2.2. Conduction of the experiments

Seventeen culture media were generated by a 24 factorial
design, with a central point, to evaluate the effect of med-
ium composition on the production of biomass and poly-
saccharides by P. ostreatus. The effects of wheat extract
(WE: infusion obtained by boiling 1 kg of wheat grains in
2 L of water, for 10 min) supplementation with different
sources and concentrations of organic nitrogen (2 or 5 g/
L of yeast extract – YE or 10 or 20 g/L of corn steep liquor
– CSL), different glucose concentrations (20 or 40 g/L) and
the presence of ammonium sulfate were evaluated. The
experimental design is presented in Table 1.

The experiments were carried out in duplicate, in
500 mL Erlenmeyer flasks containing 100 mL of the evalu-
ated medium, autoclaved at 121 �C, for 15 min, inoculated
with three agar disks colonized with the mycelia of P. ostre-

atus. The initial pH was not adjusted. Media containing
yeast extract showed an average pH of 6.0 and media con-
taining corn steep liquor showed average pH of 4.5. The
flasks were incubated at 30 �C under agitation at
120 rpm, for a period of 8–14 days. Periodically, the whole
volume of a flask was removed for biomass and polysac-
charides assay. The medium in which P. ostreatus achieved
the best results in terms of biomass and polysaccharides
was evaluated in a 4 L bioreactor using two values of initial
KLa (10.2 h�1, at 330 rpm and 1 L of air/min, and 19.3 h�1,
at 400 rpm and 2 L of air/min). The pH and the tempera-
ture were kept at 4.0 and 30 �C, respectively. The medium
was inoculated with the resultant biomass of P. ostreatus

cultured in 400 mL of WE with 20 g/L of glucose (Furlan
et al., 1997).

2.3. Biomass concentration

The culture broth was filtered through Whatman no. 1
filter paper, washed with distilled water and the retained
biomass were dried at 60 �C for 48 h for the determination
of the biomass dry weight.

2.4. Intracellular polysaccharides and exopolysaccharides

concentration

For the extraction of the intracellular polysaccharides,
the mycelia were initially washed with ethanol (96%), at a
volume ratio of 1:2 (biomass:alcohol) to eliminate the
low molecular weight components (Berovic et al., 2003).
The biomass was washed and filtered to eliminate the resid-
ual ethanol, before adding 5 vol of distilled water and boil-
ing for 4 h to extract the crude polysaccharides. The
suspension was filtered and the filtrate was treated with
cooled ethanol (8 �C) at a volume ratio of 4:1 (ethanol:sam-
ple). After 48 h under refrigeration (4 �C) the sample was
centrifuged at 5000g for 10 min (Xu et al., 2003; Lee
et al., 2003). The exopolysaccharides were extracted from
the culture broth after the separation of the biomass, and
the broth was treated with ethanol, following the same
method described for intracellular polysaccharides.
Finally, the concentration of the polysaccharides and exo-
polysaccharides obtained was determined by the phenol–
sulfuric method (Dubois et al., 1956).
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3. Results and discussion

3.1. Evaluation of different culture media for production of

biomass and polysaccharides by P. ostreatus

The results obtained with P. ostreatus grown in the dif-
ferent culture media and the effects of the evaluated factors
on the maximum biomass concentration (Xmax) expressing
the highest value of biomass in g/L, maximum biomass
productivity (P X max ), expressing the highest value of pro-
ductivity in grams of biomass/L day�1, maximum specific
growth rate (lX max

), intracellular polysaccharides concen-
Table 2
Maximum cell concentration (Xmax), maximum cell productivity (P X max ),
concentration (PSX), and total polysaccharides productivity (PPS) for P. ostre

Medium ONSa [AS]b [ON]c [GLU]d Xmax (g/L)

1 YE 5 5 40 11.15 ± 0.14
2 YE 5 5 20 10.86 ± 0.51
3 CSL 5 20 40 22.45 ± 0.37
4 CSL 5 20 20 17.12 ± 1.82
5 YE 5 2 40 6.38 ± 0.62
6 YE 5 2 20 4.99 ± 0.02
7 CSL 5 10 40 9.45 ± 0.81
8 CSL 5 10 20 8.05 ± 0.16
9 YE 0 5 40 20.49 ± 1.83

10 YE 0 5 20 14.15 ± 0.58
11 CSL 0 20 40 29.64 ± 1.54
12 CSL 0 20 20 16.33 ± 0.07
13 YE 0 2 40 17.60 ± 0.17
14 YE 0 2 20 13.63 ± 0.80
15 CSL 0 10 40 17.80 ± 0.37
16 CSL 0 10 20 13.09 ± 0.61
17 – 2.5 0 30 1.69 ± 0.27

CSL – Corn steep liquor & YE – yeast extract.
a Organic nitrogen source.
b Ammonium sulfate concentration (g/L).
c Organic nitrogen concentration (g/L).
d Initial glucose concentration (g/L).

Table 3
Effect of the evaluated factors on the maximum cell concentration (Xmax), ma
intracellular polysaccharides concentration (PSX), and total polysaccharides p

Xmax P X max

1 ONS �3.62 ± 1.45* 0.06 ± 0.14
2 [ON] 6.16 ± 1.45* 0.39 ± 0.14*

3 [AS] �6.78 ± 1.45* �0.99 ± 0.14*

4 [GLU] 4.94 ± 1.45* 0.50 ± 0.14*

1 and 2 �2.17 ± 1.45 0.04 ± 0.14
1 and 3 �1.19 ± 1.45 �0.28 ± 0.14
1 and 4 �1.02 ± 1.45 �0.003 ± 0.14
2 and 3 1.72 ± 1.45 0.27 ± 0.14
2 and 4 1.89 ± 1.45 0.16 ± 0.14
3 and 4 �2.57 ± 1.45 �0.28 ± 0.14
1, 2 and 3 �0.37 ± 1.45 �0.13 ± 0.14
1, 2 and 4 �1.46 ± 1.45 0.09 ± 0.14
1, 3 and 4 �0.37 ± 1.45 �0.06 ± 0.14
2, 3 and 4 �0.91 ± 1.45 �0.03 ± 0.14
ASSV** j3.03j j0.29j

* Statistically significant effects (95% confidence limits).
** Absolute statistically significant value.
tration (PSX – grams of intracellular polysaccharides/gram
of dried biomass), and global polysaccharides productivity
(PPS-concentration of intracellular polysaccharides at the
end of the process) are shown in Tables 2 and 3, respec-
tively.

Considering the values of the individual effects presented
in Table 3 it can be concluded that the organic nitrogen
source (CSL or YE) has a significant effect on the maxi-
mum concentration of biomass. In this case, the substitu-
tion of YE by CSL provides better results. The fact that
this substitution did not significantly affect the maximum
productivity in biomass can be explained by the longer
maximum specific growth rate (/Xmax), intracellular polysaccharides
atus grown on the 17 different culture media

P X max (g/L day) lX max
(day�1) PSX (mg/g) PPS (mg/L day)

1.16 ± 0.00 0.87 ± 0.08 19.46 ± 1.12 17.12 ± 0.97
0.90 ± 0.07 0.40 ± 0.07 21.51 ± 0.83 18.55 ± 1.44
1.57 ± 0.03 0.38 ± 0.03 4.72 ± 0.00 7.95 ± 0.08
1.16 ± 0.11 0.34 ± 0.02 10.57 ± 0.00 12.32 ± 1.48
0.50 ± 0.00 0.27 ± 0.05 6.41 ± 0.80 3.49 ± 0.74
0.44 ± 0.04 0.35 ± 0.03 26.25 ± 1.55 10.16 ± 0.43
0.66 ± 0.04 0.33 ± 0.02 8.06 ± 0.07 4.97 ± 0.56
0.54 ± 0.00 0.26 ± 0.00 0.96 ± 0.24 0.53 ± 0.15
2.78 ± 0.23 0.85 ± 0.00 7.25 ± 0.55 20.05 ± 3.37
1.55 ± 0.15 0.69 ± 0.10 14.84 ± 1.96 19.99 ± 3.41
2.00 ± 0.14 0.41 ± 0.03 8.44 ± 1.61 17.01 ± 4.15
1.30 ± 0.04 0.50 ± 0.03 9.80 ± 0.93 11.30 ± 1.01
2.09 ± 0.10 0.58 ± 0.02 4.98 ± 1.35 11.00 ± 2.93
1.65 ± 0.11 0.68 ± 0.02 7.93 ± 0.19 11.48 ± 0.94
2.07 ± 0.30 0.70 ± 0.06 7.06 ± 0.55 9.84 ± 0.86
1.34 ± 0.06 0.44 ± 0.01 12.14 ± 4.33 12.99 ± 5.17
0.25 ± 0.04 0.34 ± 0.03 9.95 ± 0.00 1.61 ± 0.23

ximum cell productivity (P X max ), maximum specific growth rate (/Xmax),
roductivity (PPS)

lX max
PSX PPS

0.17 ± 0.03* 5.86 ± 1.31* 4.29 ± 1.68*

0.10 ± 0.03* 2.85 ± 1.31* 7.40 ± 1.68*

�0.21 ± 0.03* 3.18 ± 1.31* �4.75 ± 1.68*

0.09 ± 0.03* �4.70 ± 1.31* �0.81 ± 1.68
0.13 ± 0.03* 1.53 ± 1.31 2.35 ± 1.68
�0.02 ± 0.03 6.47 ± 1.31* 1.59 ± 1.68

0.02 ± 0.03 �3.41 ± 1.31* �1.47 ± 1.68
0.09 ± 0.03* 0.80 ± 1.31 1.79 ± 1.68
0.06 ± 0.03 0.49 ± 1.31 0.66 ± 1.68
0.03 ± 0.03 �0.46 ± 1.31 �1.20 ± 1.68
0.00 ± 0.03 �1.01 ± 1.31 �0.53 ± 1.68
0.15 ± 0.03* 2.80 ± 1.31* 0.64 ± 1.68
0.05 ± 0.03 �2.38 ± 1.31 �0.57 ± 1.68
0.08 ± 0.03* 0.72 ± 1.31 �1.55 ± 1.68
j0.06j j2.74j j3.51j
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lag phase presented when P. ostreatus is cultivated in the
medium containing CSL, probably due to the necessity
for adaptation to this new medium, since the inoculum
was prepared in a medium composed only of wheat extract
and glucose and the pH of the medium containing CSL
(ffi4.5) was lower than that of the inoculum medium
(ffi6.0). Another factor to be considered when the organic
nitrogen source is evaluated is the initial pH of the culture
medium. The media that contained CSL presented an ini-
tial pH about 25% lower than those containing YE. This
fact may also have been responsible for the best results
found for biomass concentration when CSL was used. In
contrast to the results obtained for Xmax, the maximum
specific growth rate, the polysaccharides concentration
and the productivity in polysaccharides were negatively
affected by CSL. In this case, the use of YE provides better
results.

An increase in the organic nitrogen concentration had a
significant positive effect on all the variables related to the
biomass, notably the biomass concentration. The organic
nitrogen concentration at the higher level also favored
the increase in the concentration and the productivity of
polysaccharides.

The addition of inorganic nitrogen (ammonium sulfate)
led to a decrease of all evaluated parameters related to the
biomass. The low values obtained for Xmax and P X max

(1.69 g/L and 0.25 g/L day, respectively) when ammonium
sulfate was employed in the absence of an organic nitrogen
source (central point of the factorial design) suggests that
P. ostreatus does not use this nitrogen source. Moreover,
when these results are compared with those obtained with
a medium containing only wheat extract and 20 g/L of glu-
cose (10.58 g/L and 1.48 g/L day, data not shown), it can
be seen that the maximum concentration of biomass was
approximately sixfold higher, showing a clear inhibition
of P. ostreatus growth. The polysaccharide productivity
also decreases when ammonium sulfate is used. However,
the concentration of polysaccharides is positively affected
by the presence of this salt.

The increase in the glucose concentration from 20 to
40 g/L had a positive significant effect on the concentration
of biomass, the maximum biomass productivity and the
maximum specific growth rate. However, using 40 g/L of
glucose, only about 67% of the initial concentration of glu-
cose was consumed (with the exception of medium 15),
even when the organic nitrogen concentration was
increased. This fact can indicate that the inhibition of the
glucose consumption is associated with a factor other than
the nitrogen concentration. It is presumed that the increase
in the final concentration of biomass was provided by the
increase of the initial glucose concentration. Furthermore,
the increase in the viscosity of the culture medium due to
the release of exopolysaccharides made the transfer of oxy-
gen and glucose to the cells difficult, leading to a phase of
limitation of nutrients. Burns et al. (1994) also observed
that after 20 days cultivation of P. ostreatus var florida,
the exopolysaccharides and biomass production were lim-
ited, even with the presence of glucose in the medium,
probably due to a polymer layer surrounding the cell. A
higher glucose concentration also presents a negative effect
on the polysaccharides concentration. Rosado et al. (2002)
and Wisbeck et al. (2005) reported that a high glucose con-
centration favors the production of exopolysaccharides.
This may suggest that glucan-synthases produced by Pleu-

rotus are directed to the synthesis of extracellular polysac-
charides instead of cell wall polysaccharides.

Data presented in Table 3 show the effects of interaction
between the evaluated factors. The maximum specific
growth rate is affected by the interaction between the fac-
tors, returning better results when organic nitrogen and
ammonium sulfate concentrations are lower and the glu-
cose concentration is at the highest level. The interaction
between the organic nitrogen source and the ammonium
sulfate concentration also is significant for the polysaccha-
rides concentration, with better results being achieved
when YE is used in the presence of ammonium sulfate. It
was also found that when the nitrogen source is CSL, the
ammonium sulfate always has a negative effect on the bio-
mass and polysaccharides productivities, leading us to pre-
sume that the interaction between this salt and some
constituent of the CSL has an inhibitory effect on the pro-
duction of polysaccharides.

Burns et al. (1994) studied the effect of organic and inor-
ganic nitrogen on the biomass and exopolysaccharides pro-
duction by Pleurotus sp. florida. These authors achieved
better results in terms of biomass when higher organic
nitrogen concentrations were employed. The substitution
of organic nitrogen (asparagine and phenylalanine) by
inorganic nitrogen (ammonium tartrate) led to a lower per-
formance. On the other hand, conflicting results have been
found for the production of exopolysaccharides. In this
case, media containing a low nitrogen concentration were
the most appropriate for the production of polysaccha-
rides. Rosado et al. (2002), studying the production of exo-
polysaccharides by P. ostreatoroseus and P. ostreatus
‘‘florida’’ tested the ammonium sulfate concentration at
5.0 and 2.5 g/L, obtaining better results with the latter con-
centration. Wang et al. (2005) studied the effect of various
nitrogen sources on the production of biomass and exo-
polysaccharides by P. citrinopileatus. Values that were
62.5% and 100% lower were found for the biomass concen-
tration and the concentration of polysaccharides, respec-
tively, when ammonium sulfate was used in place of
peptone. The analysis of the results shown in Table 2
allows to conclude that the best condition for the increase
in the maximum concentration of biomass was reached
with 40 g/L of glucose and 20 g/L of CSL, in the absence
of ammonium sulfate (medium 11), providing a concentra-
tion of 29.64 g/L of biomass. The best condition for the
increase in the maximum productivity in biomass was
found when 40 g/L of glucose and 5 g/L of YE were used,
in the absence of ammonium sulfate (medium 9), providing
a maximum productivity in biomass of 2.78 g/L day. The
best maximum specific growth rate (lX max

¼ 0:85 day�1)



Fig. 2. Kinetics of biomass production (X), substrate consumption (S),
dissolved oxygen partial pressure (pO2) and production of exopolysac-
charides (E) for P. ostreatus cultivated with an initial KLa of 10.2 h�1.

Table 4
Kinetic parameters for P. ostreatus cultivated with initial KLa of 19.3 and
10.2 h�1

KLa (h�1)

19.3 10.2
Xmax (g/L) 12.45 27.72
lX max

(day�1) 0.92 0.84
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was also achieved in this condition. Similar values were
found by Chahal (1989) with the cultivation of P. sajor-

caju.
Fasidi and Olorunmaiye (1994) evaluated five different

inorganic nitrogen sources in the mycelial growth of P.

tuber-regium: NaNO3, KNO3, NH4NO3, Ca(NO3)2 and
(NH4)2SO4. Except for the media containing Ca(NO3)
and NH4NO3, in which 2.0 and 1.67 mg/mL of biomass
were produced, respectively, all the other inorganic nitro-
gen sources presented lower biomass concentrations than
that obtained with the basal control medium, which did
not contain a nitrogen source. Amongst the tested organic
nitrogen sources (peptone, urea, yeast extract and casein),
yeast extract presented the best results (103 mg/30 mL),
suggesting a strong preference of this fungus for organic
nitrogen. Manu-Tawiah and Martin (1987) evaluated the
effect of the supplementation of organic and inorganic
nitrogen in a medium containing turf extract. The authors
observed a low production of P. ostreatus biomass when
ammonium sulfate was used (1.20 g/L), and the best pro-
duction of biomass was reached with yeast extract
(4.98 g/L).

Based on the total productivity, the best condition for
the production of polysaccharides (20.05 mg/L day) was
found with 5 g/L of YE and 40 g/L of glucose, in the
absence of ammonium sulfate (medium 9). Although the
results indicate the use of YE in the composition of the
medium to obtain more polysaccharides, the high cost of
this extract, allied to the small difference found between
the productivities in polysaccharides (�18%) obtained with
medium 11 (17.01 mg/L day), containing CSL in place of
YE, led to the selection of this medium as the most appro-
priate for the production of biomass and polysaccharides
by P. ostreatus in submerged culture.

3.2. Evaluation of initial KLa influence

Medium 11 was evaluated in a 4 L bioreactor using an
initial KLa of 19.3 h�1 and 10.2 h�1. Figs. 1 and 2 show
the biomass concentration (X), the substrate consumption
(S), the partial pressure of dissolved oxygen – measurement
range of 0 to 100% of saturation (pO2) and the concentra-
tion of exopolysaccharides (E) for both conditions tested.
Fig. 1. Kinetics of biomass production (X), substrate consumption (S),
dissolved oxygen partial pressure (pO2) and production of exopolysac-
charides (E) for P. ostreatus cultivated with an initial KLa of 19.3 h�1.
The curves of X and S for the KLa of 10.2 h�1 were
adjusted with polynomials of 3rd and 4th order, respec-
tively, and for the KLa of 19.3 h�1, with polynomials of
5th order. Table 4 shows the kinetic parameters – maxi-
mum biomass concentration (Xmax), lX max

(maximum spe-
cific growth rate), P X max (maximum biomass productivity),
YX/S (yield of substrate on biomass), PSX (intracellular
polysaccharides concentration � grams of intracellular
polysaccharides/gram of dried biomass), PPS (global poly-
saccharides productivity � concentration of intracellular
polysaccharides at the end of the process), PE (global exo-
polysaccharides productivity � concentration of extracel-
lular polysaccharides at the end of the process), YPS/S

(yield of substrate on intracellular polysaccharides) and
YE/S (yield of substrate on extracellular polysaccharides)
obtained for the experiments carried out at 19.3 and
10.2 h�1, respectively.

The large mass of cells generated when P. ostreatus was
cultivated with an initial KLa of 10.2 h�1 in the bioreactor,
together with the production of exopolysaccharides, made
the conditions of submerged culture not usual. With the
P X max (g/L day) 1.60 4.56
YX/S (g/g) 0.64 1.18
PSX (mg/g) 7.35 7.62
PPS (mg/L day) 4.96 35.11
PE (mg/L day) 0.00 168.33
YPS/S (mg/g) 3.03 11.70
YE/S (mg/g) 0.00 47.14

Xmax – maximum biomass concentration.
P X max

– maximum biomass productivity.
PSX – intracellular polysaccharides concentration.
PE – global exopolysaccharides productivity.
YE/S – yield of substrate on extracellular polysaccharides.
lX max

– maximum specific growth rate.
YX/S – yield of substrate on biomass.
PPS – global polysaccharides productivity.

YPS/S – yield of substrate on intracellular polysaccharides.
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rheology of the medium totally modified, the transmitted
agitation frequency was not the same at all points of the
bioreactor, leaving cells at the surface practically station-
ary. During the process, the difficulty in transferring oxy-
gen to the cells was increased. However, these adverse
conditions appear to favor the production of exopolysac-
charides. It must be pointed that the distinction between
biomass, intracellular polysaccharides and exopolysaccha-
rides is difficult. The gelatinous appearance of the pellets
due to the presence of exopolysaccharides adhered to the
mycelia led to an overestimation of the biomass and the
underestimation of exopolysaccharides concentration.
When the initial KLa of 19.3 h�1 is used, the air flow
(2 L/min) is enough to maintain oxygen saturation in the
culture broth. However, when an initial KLa of 10.2 h�1

is used, the oxygen is quickly consumed (2 days) and P.

ostreatus grows under oxygen limitation, a condition that
appears to favor cell growth and the production of intracel-
lular polysaccharides. The production of exopolysaccha-
rides rapidly increases when the concentration of
dissolved oxygen is stabilized at zero. Although some
authors report the consumption of this polymer during
the process (Rosado, 2002; Wisbeck et al., 2005), this phe-
nomenon was not observed in our study, what could be
attributed to the existence of approximately 5 g/L of resid-
ual glucose in the culture medium at the end of the process.

Smits et al. (2001), in a review on biogenesis of the cell
wall in yeasts, reported that changes in the metabolism
and the composition of polysaccharides of the cell wall
occur under stress conditions. In response to some signals
of stress, such as the limitation of some nutrients and
osmotic or thermal stress, the cells activate a regulatory
glucan-synthase subunit, increasing the production of cell
wall glucans. The influence of agitation and aeration is
clear on all the kinetic parameters obtained in the culture
of P. ostreatus. Increases of 123%, 185% and 608% in Xmax,
P X max and PPS, respectively, were observed when the initial
KLa of 10.2 h�1 was used. The production of exopolysac-
charides was not detected when the initial KLa was
19.3 h�1, while 168.33 mg/L day were produced when an
initial KLa of 10.2 h�1 was used. Zadrazil (1978) also
observed a decrease in the Pleurotus biomass yield with
the increase in the concentration of oxygen in the solid cul-
ture. However, the complete removal of the oxygen causes
the inhibition of cell growth. Márquez-Rocha et al. (1999),
cultivating P. ostreatus observed a 15% and 28% reduction
in the maximum specific growth rate when the aeration was
increased from 1 to 1.5 vvm and the agitation was
increased from 200 to 400 rpm, respectively. The authors
also observed a decrease in the size of the pellets when
the agitation and the aeration were increased, caused prob-
ably by damage to the stability of the pellets. Shu and Wen
(2003) studied the production of exopolysaccharides by
Agaricus blazei, known for its medicinal properties associ-
ated with the production of b-glucans, and observed that
an increase in the agitation speed negatively affected the
production of biomass and polysaccharides.
4. Conclusion

The maximum concentration of biomass was achieved in
the media where corn steep liquor (CSL) was used. How-
ever, this variable did not present a significant effect on
the maximum biomass productivity. Better results in terms
of global productivity of polysaccharides were found when
yeast extract (YE) was used. The increased concentration of
the organic nitrogen source promoted an increase in all the
evaluated variables. The ammonium sulfate used as inor-
ganic nitrogen source clearly presented a negative effect
on all the evaluated parameters, except on the global pro-
ductivity of polysaccharides. The higher glucose concentra-
tion (40 g/L) provided the best results in terms of maximum
productivity in biomass and maximum concentration of
biomass. However, the increase in the glucose concentra-
tion presented a negative effect on the concentration of
polysaccharides. The best conditions in terms of maximum
biomass concentration were achieved when wheat extract
was supplemented with 20 g/L of CSL and 40 g/L of glu-
cose, in the absence of ammonium sulfate. The best condi-
tion for maximum biomass productivity was found when
wheat extract was supplemented with 5 g/L of YE and
40 g/L of glucose, in the absence of ammonium sulfate.
Even so, the results pointed to the use of YE to obtain more
polysaccharides, the low cost of CSL allied to the small dif-
ference found between the productivities in polysaccharides
(�18%) obtained with the medium containing CSL
(17.01 mg/L day), in place of YE (20.05 mg/L day), led to
the choice of medium 11 as the most attractive for the pro-
duction of biomass and polysaccharides by P. ostreatus in
submerged culture. The comparison of the results obtained
for the two different values of initial KLa (10.2 and 19.3 h�1)
showed that the performance of P. ostreatus in terms of bio-
mass and polysaccharides production is extremely favored
by an initial KLa of 10.2 h�1. The comparison of the results
obtained with wheat extract supplemented in the conditions
defined in this work, with the results reported in the litera-
ture led us to confirm the viability of using of this medium in
the process of biomass and polysaccharides production by
P. ostreatus.
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