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ABSTRACT

This study was aimed to investigate the effect of carbon and nitrogen sources on the production of exopolysaccharides (EPS) in 
submerged culture of Pleurotus citrinopileatus, and the variation of carbohydrate compositions in EPS during various culture condi-
tions.  The most suitable carbon and nitrogen sources for mycelial biomass and EPS production by P. citrinopileatus were fructose and 
yeast peptone powder.  The carbohydrate compositions of EPS were determined to be mannose, galactose, glucose, xylose and fucose, 
which indicated EPS as heteroglycan or a mixture of glycans.  The main carbohydrate composition in EPS from P. citrinopileatus was 
mannose after incubation of 14 days under 4% fructose and 2.5% yeast peptone powder.  The carbohydrate composition of EPS from 
P. citrinopileatus changed with the supplementation of various carbon and nitrogen sources under submerged culture condition. 
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INTRODUCTION

A number of polysaccharides or exopolysaccharides 
(EPS) from the fruiting body or the culture filtrate of 
mushrooms, such as Ganoderma applanatum(1), Cordy-
ceps sp.(2-3), Lentinus edodes(4), and Grifola frondosa(5), 
have been reported with some potential pharmaceutical 
applications.  Some kinds of mushroom polysaccharides 
such as lentinan, schizophyllan, krestin, and grifron-
D have now commercial applications(6).  Mushrooms 
in submerged culture to produce EPS gradually substi-
tute for solid culture in recent years(7-9).  It takes several 
months for the solid-culture mushrooms to grow into the 
fruiting bodies on solid substrates.  Submerged culture 
gave rise to many potential advantages of higher mycelial 
biomass or EPS production in a compact space and short-
er time with less chances of contamination(10).  In fact, 
food manufactures have directly employed EPS of mush-
rooms by fermentation to prepare drinks and capsules for 
sale.  Recently, some studies showed that the composi-
tions of the growth medium can affect the specific rate 
of EPS synthesis(11-14).  It has also been reported that the 
molecular size, degree of branching and constituents of 
pure EPS depended on the growth medium(15).  As above, 

fermentative products could be changed by manipulating 
factors of submerged culture. 

Pleurotus citrinopileatus is an edible mushroom 
belonging to the genus Pleurotus, the family Pleuro-
taceae. P. citrinopileatus was known as Yuhuangmo in 
Chinese and Nireohma in Japanese.  Some polysaccha-
ride compounds have been extracted from the fruiting 
body and mycelium of P. citrinopileatus and found to 
have antitumor(16,17), antihyperlipidemic(18), fatigue resis-
tance, enhance immunity, delay aging(19), antigenotoxic-
ity(20), and antioxidant activities(18).  To our knowledge, 
the characteristics of EPS produced by P. citrinopileatus 
have not been explored now.  In the previous report(21), 
we described the effect of environmental factors on the 
mycelial production of P. citrinopileatus.  In the present 
study, the effects of carbon and nitrogen sources on the 
production of mycelial biomass and EPS, and on the vari-
ation of carbohydrate compositions of EPS from P. citri-
nopileatus in submerged culture were investigated. 

MATERIALS AND METHODS

I. Media and Chemicals

Potato dextrose agar (PDA) and potato dextrose 
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broth (PDB) were from Himedia Laboratories (Mumbai, 
India).  Fructose, galactose and lactose were from Archer 
Daniels Midland Company (Rotterdam, Netherlands). 
NaNO3 and (NH4)2SO4 were from BASF Aktiengesell-
schaft (Ludwigshafen, Germany).  Sucrose and Bacto 
peptone were from Tai-Sugar Co. (Taipei, Taiwan) and 
Kyokutoseiyaku Co. (Tokyo, Japan), respectively. Hydro-
lyzed vegetable protein and keramine HD were obtained 
from Bretagne Chimie Fine (Pleucadeuc, France).  Yeast 
peptone powder was from Bio Springer (Maisons-
Alfort, France).  Yeast extract, phenol, sulfuric acid, 
acetic anhydride (Ac2O) and pyridine were purchased 
from Merck Co., Inc. (Darmstadt, Germany).  KH2PO4, 
K2HPO4 and MgSO4 • 7H2O were purchased from Kanto 
Chemical Co. Inc (Tokyo, Japan).  Methanolic HCl, 
hexamethyldisilazane and trimethylchlorosilane were 
from Sigma-Aldrich Co. (St. Louis, MO).

II. Microorganism and Culture Condition

(I) Strain

P. citrinopileatus, supplied by You-Hao Mushroom 
Research Institute, Heilungkiang, China, was grown on 
potato dextrose agar (PDA) at 25°C for regular subcul-
ture and maintained on PDA slants at 4°C for a maxi-
mum of 3 months.

(II) Inoculum Preparation 

P. citrinopileatus was initially grown on PDA 
medium (2.4% potato dextrose broth and 2% agar) in 
a petri dish, and then transferred to the seed culture 
medium by punching out 5 mm of the agar plate culture 
with a sterilized cutter.  The seed culture was grown in a 
250-mL baffled flask containing 40 mL of PDB medium 
(2.4% potato dextrose broth) on a rotary shaker (Model 
LTS580, Yuh Chuen Chiou Ind. Co., Ltd., Kaohsiung, 
Taiwan) at 210 rpm and 25°C for 24 hr. 

(III) Tested Medium and Culture Condition

The basal medium for the carbon sources testing 
contained 2.5% yeast peptone powder, 0.1% yeast extract, 
0.02% KH2PO4, 0.04% K2HPO4, 0.01% MgSO4 • 7H2O.  
As carbon sources, fructose, galactose, glucose, lactose 
and sucrose were tested and supplemented to the basal 
medium in different concentrations.  The basal medium 
for the nitrogen sources testing contained 4% fructose, 
0.1% yeast extract, 0.02% KH2PO4, 0.04% K2HPO4, 
0.01% MgSO4 • 7H2O.  As nitrogen sources, yeast peptone 
powder, keramine HD, hydrolized vegetable protein, Bacto 
peptone, NaNO3, and (NH4)2SO4 were tested.  The cultiva-
tion was carried out in a 250-mL Erlenmeyer flask contain-
ing 30 mL of tested medium on a rotary shaker (300 rpm) 
at 25°C for 14 days.  The initial pH was adjusted to 7.0, and 
the media were sterilized at 121°C for 20 min. 

III. Isolation of Exopolysaccharide

The EPS was extracted as follows. Sample was 
centrifuged at 3,000 rpm for 20 min, and the superna-
tant was mixed with two volumes of 95% ethanol, stirred 
vigorously overnight at 4°C.  The resultant precipitate was 
recovered by centrifugation (Model CN-6000, Hsiang Tai 
Machinery Ind. Co., Ltd., Taipei, Taiwan,) at 3,000 rpm 
for 20 min, washed twice with 75% ethanol, and dried to 
eliminate the residual ethanol in a freezing dryer.

IV. Analytical Methods

The culture pH was measured with a pH meter 
(Microprocessor SP-2200, Suntex). 

The packed cell volume method (PCV)(22) was used 
for biomass determination.  The whole-cell culture was 
added into a graduated centrifuge tube and centrifuged at 
3,000 rpm for 10 min to read the separated cell volume. 

Mycelial biomass (%) = The separated cell volume 
(mL)/Medium volume (mL) × 100

The residual sugar concentration of the fermentation 
broth except sucrose as carbon source was measured by 
the 3,5-dinitrosalicylic acid method(23).  While sucrose as 
carbon source in the medium, the residual sugar in the 
broth was analysed by HPLC (Hitachi Co., Tokyo, Japan) 
equipped with an Aminex HPX-42C column and a refrac-
tive index detector for quantitative analysis(24).

The content of EPS in the supernatant was deter-
mined by the phenol-sulfuric acid method(25) using 
glucose as standard. 

The carbohydrate compositions of EPS were deter-
mined by hydrolysis with dry methanolic HCl over-
night at 80°C, followed by evaporation, re-N-acetyla-
tion of amino sugar with Ac2O-pyridine and conversion 
of the residue to the trimethylsilyl (TMS) derivatives by 
silylation with mixture of hexamethyldisilazane, trimeth-
ylchlorosilane and pyridine(26).  The products were anal-
ysed by GC-Mass.  GC-Mass was carried out on Hewlett 
Packard Gas Chromatographer HP6890 connected to an 
HP5978 Mass Selective Detector.  First, the sample was 
dissolved in hexane prior to splitless injection into a HP-
5MS fused silica capillary column (30 m × 0.25 mm I.D.) 
and on-column injection at 60°C.  The column head pres-
sure was maintained at around 8.2 psi to give a constant 
flow rate of 1 mL min-1 using helium as carrier gas.  For 
sugar analysis, the oven temperature was held at 60°C for 
1 min before elevating to 140°C at 25°C min-1 and then to 
200 °C at 5°C min-1, and finally to 300°C at 10 °C min-1.

V. Statistical Analysis

Each test was performed in triplicate.  Data from 
each test were subjected to SAS (version 8.0 by SAS Insti-
tute Inc., Cary, NC) for analysis of variance.  Duncan’s 
multiple range test was used to determine any significant 
difference (p < 0.05) among treatments.
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RESULTS AND DISCUSSION

I. Effect of Carbon Source

The effect of carbon sources in various concentra-
tions on mycelial biomass and EPS production was exam-
ined by employing monosaccharides (fructose, galactose 
and glucose) and disaccharides (lactose and sucrose).  It 
was shown that monosaccharides yielded higher myce-
lial biomass than disaccharides by P. citrinopileatus 
(Table 1).  The maximum mycelial biomass and EPS were 
achieved using fructose medium, followed by glucose 
medium.  In all cases of cultivation, the media contain-
ing monosaccharide rather than disaccharide is preferred 

concerning the production of mycelial biomass and EPS 
by P. citrinopileatus.  In the present study, the optimal 
concentration of fructose for mycelial biomass and EPS 
production was 4% fructose.  Burns et al.(11) reported 
that glucose was the preferred carbon source rather than 
sucrose, galactose, lactose or xylose for optimum produc-
tion of EPS in Pleurotus florida.  Glucose was also the 
most suitable carbon source for Phellinus gilvus produced 
mycelial biomass and EPS(14).  However, Park et al.(27) 
revealed that the highest production of EPS in Cordyceps 
militaris was achieved in the sucrose medium.  These 
results indicated that mushrooms tend to grow on wide 
range of carbon sources. 

As shown in Table 1, the optimal concentrations of 

Table 1. Effect of several carbon sources on mycelial biomass and EPS produced by P. citrinopileatus with 2.5% yeast peptone power as 
nitrogen source after incubation of 14 days

Carbon sources
Concentration of sugar (%)

Final pH
Mycelial biomass

(%)
EPS
(g/L)Initial Residual

Fructose 2 0.02 ± 0.02 7.75 ± 0.02 15.67 ± 0.23ef* 1.51 ± 0.21bcde

3 0.16 ± 0.06 7.86 ± 0.19 41.67 ± 4.72abc 1.76 ± 0.07bcd

4 0.11 ± 0.09 7.53 ± 0.64 45.25 ± 2.00a 1.87 ± 0.05abc

5 0.11 ± 0.09 6.74 ± 1.06  44.42 ± 5.54ab 1.84 ± 0.22a

Galactose 2 0.02 ± 0.02 7.60 ± 0.03 12.84 ± 0.47f 1.47 ± 0.10bcde

3 0.04 ± 0.03 7.79 ± 0.21 16.84 ± 0.47e 1.61 ± 0.10bcde

4 0.08 ± 0.07 7.53 ± 0.18 43.09 ± 1.53abc 1.74 ± 0.38bcd

5 0.07 ± 0.06 6.95 ± 1.52 30.77 ± 6.13d 1.76 ± 0.40bcd

Glucose 2 0.02 ± 0.00 7.79 ± 0.11 12.67 ± 0.60f 1.56 ± 0.09bcde

3 0.08 ± 0.00 7.64 ± 0.17 40.94 ± 0.20bc 1.77 ± 0.18ab

4 0.08 ± 0.01 7.51 ± 0.71 39.50 ± 5.42c 1.79 ± 0.30bcd

5 0.03 ± 0.03 5.37 ± 0.26 39.33 ± 1.42c 1.56 ± 0.46bcde

Lactose 2 0.02 ± 0.02 7.75 ± 0.04 6.83 ± 0.71g 1.46 ± 0.20bcde

3 0.02 ± 0.02 7.70 ± 0.01 7.34 ± 0.23g 1.42 ± 0.04bcde

4 0.01 ± 0.02 7.93 ± 0.21 5.83 ± 1.25g 1.46 ± 0.67e

5 0.02 ± 0.02 7.82 ± 0.08 5.83 ± 0.00g 1.48 ± 0.17bcde

Sucrose 2 0.02 ± 0.01 7.83 ± 0.01 5.78 ± 0.82g 1.41 ± 0.32bcde

3 0.01 ± 0.01 7.81 ± 0.03 5.67 ± 0.87g 1.40 ± 0.99cde

4 0.01 ± 0.01 7.99 ± 0.04 6.95 ± 0.63g 1.22 ± 0.08e

5 0.04 ± 0.04 7.79 ± 0.01 6.37 ± 1.42g 1.35 ± 0.03de

*The data in a column with different letters are significantly different at p < 0.05.
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tested carbon sources for EPS yield appeared to be 4% of 
fructose, 5% of galactose, 4% of glucose, 5% of lactose 
and 2% of sucrose, respectively.  Thus the subsequent 
experiments of carbohydrate compositions analysis for 
EPS were carried on the above five different concentra-
tions of carbon sources.  The analysis of carbohydrate 
compositions in the produced EPS revealed, as shown in 
Table 2, that mannose was the major, glucose and galac-
tose less, fucose, xylose and N-acetylglucosamine the 
trace part in carbohydrate composition.  The water-solu-
ble EPS with antitumoral activity from P. citrinopilea-
tus fruiting body contained glucose, mannose, arabinose 
and galactose(16).  Rosado et al.(28) isolated and purified 
two water-soluble extracellular polysaccharide produced 
by P. ostreatoroseus Sing. in the liquid culture medium 
(POL) consisted of (g/L): peptone 1.0, yeast extract 2.0, 
K2HPO4 1.0, MgSO4 • 7H2O 0.2, (NH4)2SO4 5.0 and 
glucose 60.0. One fraction was mannan, and the other 
was galactan.  The carbohydrate compositions in crude 
EPS produced by P. ostreatoroseus and P. ostreatus 
“florida” in the same POL submerged culture is glucose, 
the major component, and the minor components, galac-
tose, mannose, xylose and arabinose(29).  These results 
might indicate that compositions in EPS varied with 
species.  Israilides et al.(30) reported that the pullulans 
produced by Aureobasidium pullulans grown with olive 
oil waste effluents, molasses and starch waste as carbon 
sources, contained with contents of glucose about 33, 25 
and 100%, respectively.  This implied that the percentage 
of compositions in EPS was varied with carbon sources 
supplement.  It is possible that various carbon sources 
might exert effects on the catabolic repression on the 
secondary metabolism(31-33).

As the mycelial biomass and EPS production by P. 
citrinopileatus is concerned, fructose was the favored 
carbon source (Table 1).  Therefore, fructose is used as 
carbon source in the further investigation.  The concentra-
tion of fructose in the medium affected the carbohydrate 
composition of EPS.  The mannose content reached maxi-
mum when fructose concentration was between 3% and 
4% (Table 3).  Perret et al.(34) reported that the degree of 

branching in β-D-glucans increased in Phytophthora para-
sitica when asparagine and high concentration of glucose 
were included in the medium.  Thus the change of fructose 
concentration resulted in the change of the compositions in 
EPS from P. citrinopileatus, which might probably bring 
some modification in the structure of EPS. 

II. Effect of Nitrogen Sources

The effect of nitrogen, source on the production 
of mycelial biomass and EPS of P. citrinopileatus in 
submerged culture, is shown in Table 4.  Among all nitro-
gen sources tested, the highest mycelial biomass and 
EPS production were achieved in the medium containing 
yeast peptone powder.  In comparison with organic nitro-
gen sources, inorganic nitrogen sources gave rise to rela-
tively lower mycelial biomass and EPS production.  This 
result was in accordance with that for other higher fungi, 
such as Paecilomyces sinclairii(13), Phellinus gilvus(14), 
Cordyceps militaris NG3(35), Ganoderma lucidum(36) and 
Antrodia cinnamomea(37).  It was suggested that certain 
essential amino acids could not be synthesized from 
inorganic nitrogen sources(8) and proteolytic activity for 

Table 2. Carbohydrate compositions of EPS produced by P. citrinopileatus under different carbon sources 

Carbon sources
Monosaccharide* (%)

Fuc Xyl Man Gal Glc GlcNAc

4% Fructose 0.0 0.1 95.1a** 3.2b 1.6d 0.0

5% Galactose 0.0 0.0 87.3c 1.6c 11.0a 0.0

4% Glucose 0.1 0.1 86.3d 6.9a 6.6c 0.1

5% Lactose 0.0 0.0 89.4b 1.7c 8.9b 0.0

2% Sucrose 0.0 0.0 87.1cd 1.0d 11.8a 0.0

*Fuc: fucose; Xyl: xylose; Man: mannose; Gal: galactose; Glc: glucose; GlcNAc: N-acetylglucosamine.
**The data in a column with different letters are significantly different at p < 0.05.

Table 3. Carbohydrate compositions of EPS produced by P. citri-
nopileatus under different fructose concentrations and 2.5% yeast 
peptone powder

Fructose concentrations 
(%)

Monosaccharide*(%)

Fuc Xyl Man Gal Glc

2 0.1 0.1 93.8b** 4.4b 1.6b

3 0.2 0.1 95.1a 3.5bc 1.0c

4 0.0 0.1 95.1a 3.2c 1.6b

5 0.1 0.0 89.8c 7.2a 2.8a

*Fuc: fucose; Xyl: xylose; Man: mannose; Gal: galactose; Glc: 
glucose. 
**The data in a column with different letters are significantly 
different at p < 0.05.
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protein hydrolysis existed in the fermentation of higher 
fungi.  Aslim et al.(38) reported that the highly protease-
secreting strains can produce higher amount of EPS.  The 
analysis of carbohydrate compositions in the above EPS 
revealed that the percentage of carbohydrate composition 
was significantly changed with different nitrogen sources 
(Table 5).  Except for Bacto peptone medium, mannose 
was still the main composition in EPS.  However, the rela-
tionship between the proteolytic activity and the variation 
of sugar composition in EPS was not clear at present.

III. Growth Curve

The time course of residual sugar contents, pH 
values, mycelial biomass and EPS production by P. 
citrinopileatus were shown in Figure 1.  The samples 
were collected at various intervals from the submerged 
cultures with 4% fructose and 2.5% yeast peptone 
powder.  Note that the residual sugar decreased rapidly to 
near zero at the 6th day.  Initial pH value of the fermenta-
tion broth decreased from around 6.5 to 5.0 during 6th to 
12th day, thereafter increased to 7.5.  The decline pattern 
of pH, caused by the production of organic acid resulting 
from high consumption of carbon source for cell growth, 

has been observed in mushroom fermentation(37), and 
the reason for the pH increase after 12th day was attrib-
uted to the low consumption rate of carbon source at low 
residual sugar levels(36).  The EPS concentration reached 
maximum at 14th day, so did the maximum of biomass. 
These results indicated that EPS production in P. citrino-
pileatus was growth-associated. 

Table 4. Effect of several nitrogen sources on mycelial biomass and EPS produced by P. citrinopileatus with 4% fructose as carbon source 
after incubation of 14 days

Nitrogen source (2.5%) Residual sugar (%) Final pH Mycelial biomass (%) EPS (g/L)

Yeast peptone powder 0.11 ± 0.09 7.53 ± 0.64 45.25 ± 2.00a* 1.87 ± 0.05a

Keramine HD 0.32 ± 0.04 5.26 ± 0.50 26.50 ± 2.12b 0.14 ± 0.02c

Hydrolyzed vegetable protein 0.19 ± 0.01 5.93 ± 0.06 20.40 ± 0.57c 0.11 ± 0.02c

Bacto peptone 0.06 ± 0.00 6.55 ± 0.26 18.35 ± 1.91d 0.47 ± 0.07b

NaNO3 0.14 ± 0.01 5.74 ± 0.11 15.95 ± 0.86e 0.12 ± 0.04c

(NH4)2SO4 0.04 ± 0.00 3.63 ± 0.03 5.17 ± 0.94f 0.11 ± 0.04c

*The data in a column with different letters are significantly different at p < 0.05.

Table 5. Carbohydrate compositions of EPS produced by P. citrinopileatus with different nitrogen sources 

Nitrogen source
Monosaccharide* (%)

Rha Fuc Xyl Man Gal Glc GlcNAc

Yeast peptone powder 0.0 0.0 0.1 95.1a** 3.2d 1.6d 0.0

Keramine HD 0.0 0.1 0.1 56.2d 10.2c 33.4a 0.0

Hydrolized vegetable protein 0.0 0.0 0.1 61.3c 12.0c 26.5ab 0.0

Bacto peptone 0.1 2.5 0.9 38.8e 37.1a 14.4c 6.3

NaNO3 0.0 0.1 0.1 64.9b 21.7b 13.2c 0.0

(NH4)2SO4 0.0 0.1 0.1 63.7bc 11.0c 25.2b 0.0

*Fuc: fucose; Xyl: xylose; Man: mannose; Gal: galactose; Glc: glucose; GlcNAc: N-acetylglucosamine
**The data in a column with different letters are significantly different at p < 0.05.
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Figure 1. Time course of pH, sugar consumption, mycelial biomass 
and EPS produced by P. citrinopileatus under 4% fructose and 2.5% 
yeast peptone powder as carbon and nitorgen sources, respectively.
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The analyzing results of the carbohydrate composi-
tions in EPS from time-course samples are shown in Table 
6.  The percentage of carbohydrate compositions varied 
with the incubated days.  Among the carbohydrate compo-
sitions, the percentage of mannose and galactose reached 
maximum at 20th and 8th day, respectively.  Lee et al.(32) 
reported that the molar ratio of carbohydrate compositions 
in pullulan produced by A. pullulans, such as glucose 
and mannose, remained almost constant as a function 
of culture time, but glucosamine decreased with culture 
time.  Further research is needed to clarify the physiologi-
cal meaning of the percentage variation of carbohydrate 
compositions in EPS from P. citrinopileatus. 
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