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Abstract

The hypolipidemic effect of an exo-biopolymer (EBP) produced from a submerged mycelial culture of the
mushroom fungus, Auricularia polytricha, was investigated in the dietary-induced hyperlipidemic rats. In a dose-
dependent study, the EBP was fed at 50–100 mg kg−1 body weight and significantly decreased the concentrations
of the plasma triacylglycerols, total cholesterol, and low-density lipoprotein (LDL) cholesterol. The plasma LDL
cholesterol concentration was decreased up to 70%. Production of A. polytricha biomass and EBP were optimal
at pH 4 with maximum growth at 20 ◦C and EBP production at 30 ◦C. Gel chromatography of the EBP revealed a
single peak of a glycoprotein with a molecular size of 32 kDa. It contained 77.5% carbohydrate and 22.5% protein.
The sugar and amino acid compositions of the EBP were analyzed.

Introduction

The search for natural substances capable of exhibit-
ing hypolipidemic effect is ongoing in the field of
nutritional research. Various mushrooms have proved
themselves as an ideal food for the dietetic preven-
tion of hyperlipidemia due to high content of fibers,
proteins, microelements, and low fat content (Cheung
1996). Kaneda & Tokuda (1966) have already inves-
tigated the hypolipidemic effect of the fruiting body
of Auricularia polytricha. However, knowledge on
hypolipidemic or hypocholesterolemic effect of EBP
produced by submerged mycelial culture of various
mushrooms is limited. Most of the researches on hy-
polipidemic effect have been carried out either with
the fruiting bodies or the mycelia. Many investiga-
tors have documented that, apart from fruiting bod-
ies or mycelia, bioactive polymeric compounds can
also be obtained from the culture broth of the sub-
merged mycelial culture. There are number of reports
available on the isolation of various bioactive compo-

nents from the culture precipitate of Lentinus edodes
(Suzuki et al. 1988).

The present study was designed to examine the
hypolipidemic effect of the EBP produced from sub-
merged mycelial culture of A. polytricha. The study
reports the isolation and purification of water-soluble
EBP from a culture broth of A. polytricha, a dose-
dependent analysis of EBP by oral administration
to normolipidemic rats, optimization of fermentation
condition for the production of EBP and mycelia in
a 5-l jar fermenter, and an analysis of the sugar and
amino acid compositions of EBP.

Materials and methods

Organism and preparation of inoculum

Auricularia polytricha, from Rural Development Ad-
ministration in Korea, was grown on containing a
potato/dextrose broth on a rotary shaker (120 rpm,
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Table 1. Effect of initial culture pH on mycelial
growth (dry wt) and exo-biopolymer (dry wt) produc-
tion in submerged culture of Auricularia polytricha.

pH Mycelia (g l−1) Exo-biopolymer (g l−1)

3 8.5 0.5

4 11.1 1.2

5 10.4 0.5

6 10.3 0.5

7 10.3 0.6

8 10.2 0.9

9 9.5 0.8

10 8.9 0.8

The submerged culture was performed in 500 ml
flasks containing 200 ml medium on a rotary shaker
(120 rpm, 30 ◦C, 25 d). The initial medium pH was
adjusted between 3–10 before sterilization. All the val-
ues are given as the mean based on results of triplicate
experiments.

Table 2. Effect of temperature on mycelial
growth (dry wt) and exo-biopolymer (dry wt)
production in submerged culture of Auricularia
polytricha.

Temperature Mycelia Exo-biopolymer

( ◦C) (g l−1) (g l−1)

15 8.7 0.6

20 9.7 0.9

25 9.5 0.9

30 8.9 1.2

35 8.3 0.9

The submerged culture was performed in 500 ml
flasks containing 200 ml medium on a rotary
shaker (120 rpm, pH 4, 25 d). The temperature
was varied between 15–35 ◦C. All the values are
given as the mean based on results of triplicate
experiments.

pH 4) at 30 ◦C. After an incubation for 7 d, 100 ml cul-
ture including with mycelia were homogenized for 3
min in an ice bath. One percent of mycelial suspension
was used as inoculum for the subsequent experiments.

Optimization of culture conditions and production of
EBP

The composition of potato malt peptone (PMP)
medium for the production of EBP was as follows
(g l−1): potato/dextrose broth 24, malt extract 10, pep-
tone 1, the pH was adjusted to 4 before sterilization.
Optimum temperature and pH was determined at the
15–35 ◦C and pH of 3–10 before sterilization. The
submerged mycelial culture was carried out in a 5-

l jar fermenter for 21 d. The recovery procedure for
EBP and mycelia from submerged culture is shown in
Figure 1 (Yang et al. 2000).

Animal experiments

Sprague–Dawley male rats, obtained Korean Research
Institute of Chemical Technology, 120–130 g, were
housed individually in stainless steel cage in a room
with controlled temperature (22 ± 0.5 ◦C), humidity
(55 ± 5%) and a 12-h cycle of light and dark. The
rats were fed with modified AIN-76 diet for 4 weeks.
The diet consisted of 55.5% carbohydrates (including
40.5% sucrose), 14.5% fats (30% of total energy) and
20% casein by dry weight. The rats of each group were
administered either with saline (control) or EBP at the
level of 50 mg kg−1, 75 mg kg−1, 100 mg kg−1 body
wt (BW) using an oral zonde daily for 2 weeks. Food
intake and BW were recorded daily. At the end of oral
administration, the animals were fasted for 14 h and
then sacrificed.

Analysis of plasma and liver lipids

Blood samples were collected in heparinized tubes
and plasma was separated by centrifugation (1110
× g for 10 min). Livers were perfused with cold
saline, excised, and kept frozen at −70 ◦C. Liver lipid
was extracted by the method of Folch et al. (1957).
The plasma total cholesterol, high-density lipopro-
tein (HDL) cholesterol, and triacylglycerol of plasma
were measured by using enzymatic kits (Sigma). LDL
cholesterol was calculated by the equation as follows:

total cholesterol − HDL cholesterol − (triacylglycerol/5).

Liver total cholesterol was assayed using the same
method as for the plasma total cholesterol after the
treatment with Triton X-100.

Gel filtration and molecular weight

The EBP obtained from culture broth was dissolved in
0.2 M NaCl and subjected to gel filtration, on a col-
umn (2.6 × 99 cm) of Sepharose CL-6B equilibrated
with 0.2 M NaCl at 0.34 ml min−1. Molecular weights
of purified EBP were determined by HPLC (Asahipak
GS-520, 320, and 220 column). Standard pullulan se-
ries (P1600, 800, 400, 200, 100, 50, 20, 10, and 5)
were used for the determination of molecular weight.
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Fig. 1. Schematic diagram depicting the separation of the exo-biopolymer from submerged mycelial culture of Auricularia polytricha.

Analysis component sugars and amino acids of EBP

Total protein content of EBP was determined by the
method of Lowry with BSA as a standard. The amino
acid composition was analyzed by a Biochrom 20
(Pharmacia Biotech. Ltd., USA) amino acid auto-
analyzer with a Na-form column after hydrolysis of
the protein. Total sugar content of EBP was deter-
mined by the phenol/sulfuric acid method, using a
mannose/galactose (1:1, w/w) as standard. The sugar
composition was analyzed by a GC 3600 gas chro-
matograph based on the hydrolysis and acetylation
method described by Jones & Albersheim (1972).

Statistical analysis

Each data value is expressed as the mean ± SE.
Group means were compared by a one-way analysis of

variance and Duncan’s multiple-range test. Statistical
differences were considered significant at p < 0.05.

Results and discussion

Effect of pH and temperature for the production of
EBP

Auricularia polytricha grew best at pH 4 (Table 1) at
which pH EBP production was also maximal.

Maximum growth yield was at 20 ◦C but yield of
EBP was maximal at 30 ◦C (see Table 2).

Mycelial growth curve and production of EBP

Maximum biomass yield (10.3 g l−1) was after 15 d
in a 5-l fermenter but the yield of EBP (1.9 g l−1) was
maximal after 18 d (Figure 2).
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Table 3. Effect of Auricularia polytricha exo-biopolymer on the BW gain, liver
weight, and food intake in the dietary-induced hyperlipidemic rats for 2 weeks.

Experimental groups BW gain Food intake Liver weight

(exo-biopolymer, (g d−1) (g d−1) (g 100 g−1 BW)

mg kg−1 BW)

Control (saline) 4.2 ± 0.3NS 13.5 ± 0.3NS 5.9 ± 0.2NS

50 3.9 ± 0.3 12.6 ± 0.3 5.7 ± 0.2

75 4.1 ± 0.2 13.2 ± 0.2 5.5 ± 0.2

100 4.1 ± 0.2 13.6 ± 0.2 5.4 ± 0.3

The rats of each experimental group were administered orally with either saline
(control) or exo-biopolymer at the level of 50–100 mg kg−1 BW daily for 2
weeks.
Each value is the mean ± SE for 8 rats.
NSNot significant.

Table 4. Effect of Auricularia polytricha exo-biopolymer on the plasma HDL,
LDL, and total cholesterol levels in the dietary-induced hyperlipidemic rats for
2 weeks.

Experimental groups Plasma cholesterol (mg ml−1)

(exo-biopolymer, Total HDL LDL∗
mg kg−1 BW)

Control (saline) 0.64 ± 0.02c 0.26 ± 0.01a 0.3 ± 0.01c

50 0.57 ± 0.03b 0.28 ± 0ab 0.21 ± 0.01b

75 0.5 ± 0.02ab 0.3 ± 0.01bc 0.13 ± 0.01ab

100 0.47 ± 0.03a 0.32 ± 0.01c 0.09 ± 0.01a

The rats of each experimental group were administered orally with either saline
(control) or exo-biopolymer at the level of 50–100 mg kg−1 BW daily for 2
weeks.
∗Total cholesterol − HDL cholesterol − (Triacylglycerol/5).
Each value is the mean ± SE for 8 rats.
a,b,cValues with different superscript letters in the same row are significantly
different (p < 0.05).

Table 5. Effect of Auricularia polytricha exo-biopolymer on the plasma triacylglycerol, ratio of
HDL-cholesterol to total cholesterol, atherogenic index, and liver total cholesterol levels in the
dietary-induced hyperlipidemic rats for 2 weeks.

Experimental groups Plasma Liver total

(exo-biopolymer, Triacylglycerol HDL/Total Atherogenic cholesterol

mg kg−1 BW) (mg ml−1) cholesterol∗ index∗∗ (mg g−1)

Control (saline) 0.41 ± 0.01c 0.41 ± 0.02a 1.46 ± 0.02c 7.43 ± 0.49b

50 0.38 ± 0.02bc 0.49 ± 0.03ab 1.04 ± 0.03bc 6.5 ± 0.6ab

75 0.35 ± 0.01ab 0.6 ± 0.03bc 0.67 ± 0.02ab 5.98 ± 0.49a

100 0.31 ± 0.02a 0.68 ± 0.03c 0.47 ± 0.01a 5.85 ± 0.1a

The rats of each experimental group were administered orally with either saline (control) or exo-
biopolymer at the level of 50–100 mg kg−1 BW daily for 2 weeks.
∗HDL cholesterol/total cholesterol.
∗∗(Total cholesterol-HDL cholesterol)/HDL cholesterol.
Each value is the mean ± SE for 8 rats.
a,b,cValues with different superscript letters in the same row are significantly different (p <

0.05).
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Fig. 2. Time course of the mycelia (�) and exo-biopolymer (�)
production by Auricularia polytricha in a 5-l jar fermenter (working
volume, 3-l; agitation speed, 100 rpm; aeration rate, 1 vvm; pH 4;
temperature, 30 ◦C). The data recorded every 3 d interval up to 30 d.

Hypolipidemic effect of EBP

The effect of A. polytricha EBP on BW gain of rats,
liver weight, and food intake are presented in Table 3.
The administration of EBP did not influence signifi-
cantly either the gain in BW or food intake. The liver
weight remained unchanged in all the EBP adminis-
tration groups. Moreover, oral administration of EBP
caused no changes in gross behavior and none of the
animals died. Therefore, there were no harmful ef-
fects in rats following oral administration of EBP of
A. polytricha.

The effect of EBP on the plasma level of tria-
cylglycerol, total cholesterol, LDL and HDL choles-
terol, ratio of HDL cholesterol to total cholesterol,
atherogenic index, and liver total cholesterol of the
experimental animals are summarized in Tables 4 and
5. The levels of plasma triacylglycerol, total choles-
terol, and LDL cholesterol steadily decreased with the
increasing concentration of EBP. Maximum decrease
of their values appeared to be at the highest level at
100 mg kg−1 body wt (BW) dose. The EBP dose be-
yond 100 mg kg−1 BW could not be given because of
the high viscous nature of the EBP and limited volume
to be given orally. At this level, it lowered the plasma
total cholesterol and triacylglycerol by 27% and 24%,
respectively. A substantial decrease of plasma LDL
level was evidenced in the present investigation. The
EBP even at the dose of 50 mg kg−1 BW reduced the
LDL value to 30% and could lower the LDL level by
70% at the dose of 100 mg kg−1 BW.

Fig. 3. Elution profile of the exo-biopolymer produced from the
submerged mycelial culture of Auricularia polytricha by using
Sepharose CL-6B chromatography. The volume of each fraction
was 5 ml, and the eluates were checked by measuring the absorbance
at 490 nm after a phenol-sulfuric acid reaction for sugar (�), and at
280 nm after Lowry reaction for protein (�).

The hypolipidemic effect exerted by the EBP of
A. polytricha probably resulted from the high vis-
cous nature of the EBP. The hypolipidemic effect was
steadily enhanced with the increasing concentration
of EBP. This is consistent with the increased viscos-
ity with the increasing dose of the EBP. Perhaps for
this property it could lower the triacylglycerol and
total cholesterol absorption by inhibiting the forma-
tion of micelles in the small intestine and by altering
the physical characteristics of the intestinal mucosa
of rats (Ebihara & Schneeman 1989). Yang et al.
(2000) also propounded the similar fact while studying
the hypocholesterolemic effect of Cordyceps militaris
EBP. However, this fact cannot exclude other mecha-
nisms involved in exhibiting hypolipidemic effect by
the EBP.

Chemical analysis of the EBP

The EBP obtained from the mycelial culture broth
yielded only one peak when passed through the
Sepharose CL-6B column (Figure 3).

The molecular weight of the purified EBP was de-
termined by HPLC. The standard curve was obtained
by using pullulan series, and the molecular weight
of this purified EBP was estimated to be 32 kDa
(Figure 4).

The EBP contained 77.5% carbohydrate and
22.5% protein, no acidic sugar was detected. Detail
chemical analysis of the EBP is summarized in Ta-
ble 6. Eight different kinds of sugar constituted the
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Table 6. Amino acid and sugar compositions of exo-biopolymer produced
from submerged mycelial culture of Auricularia polytricha.

Sugar Composition (%)a Amino acid Composition (%)b

Rhamnose 1 Aspartic acid 13.2

Fucose 3.5 Threonine 9.3

Ribose Trace Serine 10.3

Arabinose 1.5 Glutamic acid 9.1

Xylose 2.4 Proline Trace

Mannose 51.2 Glycine 12.2

Galactose 32.9 Alanine 7.7

Glucose 7.3 Cysteine 2.7

Valine 7

Methionine 1.6

Isoleucine 4.1

Leucine 5

Tyrosine 1.3

Phenyalanine 9

Histidine 1.6

Lysine 3.4

Arginine 2.2

Total sugar 77.5 Total protein 22.5

content content

aPercentages were calculated on the basis of total sugar.
bPercentages were calculated on the basis of total amino acids.

Fig. 4. Measurement of molecular weight of purified
exo-biopolymer (EBP). P-1600, P-800, P-400, P-200, P-100,
P-50, P-20, P-10, and P-5 are standard pullulans of 1600, 800, 400,
200, 100, 50, 20, 10, and 5 kDa, respectively. Kav = (Ve − Vo)/(Vt
− Vo) (Vo; void volume, Vt; total volume, Ve; elution volume)

carbohydrate moiety of which a mannose and galac-
tose were detected as major sugars. Aspartic acid,
serine, and glycine were the major amino acids of the
protein part (Table 6). It is likely that the EBP is a
glycoprotein.

The present investigation demonstrated the poten-
tial of A. polytricha EBP in reducing the level of
cholesterol-rich LDL (which are quantitatively the
most significant lipoprotein class in the control of
serum cholesterol levels) and preserving the HDL at
relatively high level. All of the above effects would
help to reduce the risk of atherosclerosis. Although
the exact mechanism of the A. polytricha EBP in ex-
hibiting hypocholesterolemic effect was not clear to
us, the possibility of combined effect of the EBP in
exerting hypocholesterolemia cannot be ruled out. The
combined effect possibly involved were (1) the inhibi-
tion of cholesterol absorption and/or biosynthesis, (2)
inhibition of biosynthesis of very-low-density lipopro-
tein (VLDL), the precursor of LDL and acceleration of
fractional turnover of LDL (Tokuda et al. 1974) and
(3) increased excretion of bile acids (Vahouny et al.
1987). The present investigation also determined the
optimum culture condition for the production of EBP,
which provides valuable information to scale-up its
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production and gives an insight to the chemical nature
of the hypolipidemic EBP.
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