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Cultural Characteristics of Veiled Lady Mushroom, Dictyophora spp.
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This study was carried out to obtain the basic data for artificial culture of veiled lady mushroom (Dictyophora spp). The optimal
conditions for the mycelial growth were 25°C and pH 5.0 for all isolates except the optimal temperature of 30°C for D. echi-
novolvata ASI 32002 and Phallus rugulosus. The optimal medium for Dictyophora spp. was PBA (potato bamboo sawdust extract
agar) medium. The strain ASI 32002, D. echinovolvata, grew faster than D. indusiata ASI 32003 and Phallus rugulosus ASI
25007 on the medium. Carbon sources such as glucose, maltose and inuline were, favorable for stimulating a mycelial growth
of the two strains of ASI 32002 and ASI 32003, Asparagine and glutamine appedred to be favorable to the strain ASI 32002
and ASI 32003, where as alanine, one of nitrogen source also favorable to the strain ASI 32002. The optimum C/N ratio of
the two isolates of ASI 32002 and ASI 32003 was about 25:1 when 2% glucose as carbon source was mixed with the basal
medium. While, in the case of 4% as carbon source, the optimum C/N ratio was about 30: 1.
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Dictyophora species, one of the high quality cooking mush-
rooms belongs to Phallaceae, Phallales, Gasteromycetidae of
Basidiomycetes, and it has been called bamboo sprouts, or
veiled lady mushroom as common name. Also, there are
many local names such as Jukson, Juksang, bamboo gin-
seang, net mushroom, and helmet mushroom, respectively.
Moreover it is known as queen of mushroom or flower of
fungi (Li, 1986; Sun, 1991).

Although wild mushrooms have been used as small scale
in the past, pcople are preferable for mushrooms due to
either healthy or functional food. Thus, artificial cultivation
methods for several edible mushrooms were developed to meet
consumers’ growing demand. Nowadays, mushroom cultiva-
tion became not only a high income source for farmers but
also appeared to be a popular healthy food for people.

Since seven species of the mushrooms including Dictyo-
phora indusiata has been record throughout world, only one
species two form, D. indusiata and D. indusiata f. lutea was
reported in Korea. With regard to functional characters, this
mushroom had a tonic effect for maintaining healthy lung,
liver, brain, kidney and bright eye (Sun, 1991).

Recently, dictyophorine isolated from this mushroom is
known to have an effect for synthesizing nerve growth factor
(NGF) (Kawagishi et al., 1997). And also antitumor effect
was newly reported as a functional ability (Mizuno, 1995).
Therefore, artificial production method of the mushroom is
required to solve an increasing demand.

In Korea, no studies on artificial cultivation of mushroom
have been report at present, although many researches on
cultivation of D. indusiata(Huang et al., 1994; Jia and Liu,
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1992; Jin et al., 1986; Yang and Jong, 1987; Yuan, 1996;
Zhou and Qiao, 1989; Zhou et al., 1994), and D. duplicata
(Luo, 1994; Tong et al., 1992), D. rubro-volvata (Fan er al.,
1987; Huang and Cao, 1993), D. echinovolvata (Hua et al.,
1990; Hui et al., 1988) were reported in China.

Therefore, this study was undertaken to find out cultural
chracteristics of the mushroom to obtain the basic data for
applying artificial cultivation method.

Materials and Methods

Cultures

Eleven strains of Dictyophora spp. including preservation
strain in the Division of Applied Microbiology, NIAST,
were used for this experiment in addition to one check iso-
late belonging to the same family Phallus rugulosus ASI
25007. After these strains were cultured on PBA (potato
bamboo sawdust extract agar) medium at 25°C for 30 days,
the strains were kept at 4°C incubator.

Cultural characteristics

After solid spawns of the 12 strains of the fungi (Table 1)
were inoculated on sawdust medium in test tube (30 mm
diameter) for 30 days at 25°C, mycelial growth was mea-
sured.

Screening of favorable culture medium

Twelve different culture media were used to investigate a
favorable growth of Dictyophora spp. (Table 2). After media
were autoclaved for 20 minutes at 121°C (15 psi pressure),
20 ml of each agar solution was aseptically poured into a
petri-dish. After inoculation of the strains, the cultures were
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Table 1. The list of species of Dictyophora species used in this

study
Scientific name Isolate Collection Source
year

D. indusiata AST 32001 1997  Bosung, Korea
D. indusiata ASI 32003 1997  China, Private
D. indusiata ASI 32005 1998  Damyang, Korea
D. indusiata ASI 32006 1998  Bosung, Korea
D. indusiata AST 32011 1999  ATCC 60890, U.S.A.
D. indusiata f. lutea ASI 32009 1997  Cheongyang, Korea
D. echinovolvata ASI 32002 1997  China, Private
D. echinovolvata ASI 32007 1998  China, Private
D. echinovolvata ASI 32008 1998  China, Private
D. echinovolvata ASI 32010 1999  China, Ptivate
Phallus rugulosus ~ ASI 32004 1998  Gwangyang,’ Korea
Phallus rugulosus  ASI 25007 1997  Gongjoo, Korea

incubated for 14 days at 25°C. After 14 days incubation the
mycelial growth and density were observed.

Screening of favorable nutrients for liquid culture

Carbon source: To screen favorable carbon sources for
stimulating mycelial growth of Dictyophora spp., the basal
medium used was composed of modified GA medium (glu-
cose 20 g, ammonium tartrate 1.0 g, KH,PO, 1.0 g, MgSO, -
TH,0 0.5 g, ferrous citrate 5 mg, ZnSO, - 7TH,0 4.4 mg, MnSO, -
4H,0 5mg, CaCl,-2H,0 55.5mg, thiamine HCl 10 mg.
nicotinic acid 10 mg and distilled water 1000 m/) (Lee, 1997).
The basal medium was adjusted to pH 6.0 before high-pres-
sure sterilization. With the basal medium containing glucose,
each carbon source was added to the basal medium at con-
centration of 0.2 M per 1. All the other processes including
the inoculation and measurement of mycelial growth of the
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fungus were performed by the standard methods of NIAST
(RDA, 1997).

Nitrogen source: Except for the addition of 2% glucose
as carbon source per 1000 m/ of the medium, the basal medium
was same as the above. Based on each molecular weight of
12 different nitrogen sources including aniline, each nitrogen
source was added to the basal medium at concentration of
0.02 M. All the other processes including the incubation and
measurement of mycelial growth were conducted by the
standard methods of NIAST (RDA, 1997).

C/N ratio;: The basal medium which D-glucose as car-
bon Source was mixed at a rate of 2 and 4% (wlv) were
added with glutamine and alanine as nitrogen source. Finally,
the ratios of glutamine and alanine versus glucose in each
basal medium were adjusted to C/N ratio of 10:1, 15:1,
20:1, 25:1 and 30: 1, respectively. The basal media were
adjusted to pH 6.0, autoclaved for 20 min. at 121°C (15 psi
pressure), and poured into petri-dish. Measurement of myce-
lial dry weight of the fungus was performed by the standard
method of NIAST (RDA, 1997).

Measurement of optimal temperature and pH

Temperatures: To investigate the optimal temperature
for stimulating a favorable growth of Dictyophora spp. PBA
medium was used. A 5 mm diameter plug of an inoculum
was inoculated on PBA medium and incubated for 14 days
at 15°C, 20°C, 25°C, 30°C and 35°C, respectively. Mycelial
growth of the fungus was measured according to standard
method.

pH: Modified GA (glucose 20 g, asparagine 2 g, KH,PO,
1 g, MgSO, - 7TH,0 0.5 g, ferrous citrate 5 mg, ZnSO, - TH,O
44 mg, MnSO,-4H,0 Smg, CaCl,-2H,0 55.5mg, thia-

Table 2. Composition (g/l) of culture media for the Dictyophora species

PDA PPA PMA PBA BMA CDA YMA MCM HA MEA |Lily Czapek-Dox
potato 200 200 200 200
dextrose 20 20 20 10 20 10 10 20 20 30
peptone 1 1 1 1 1 5 5
malt extract 7 7 7 7 3 20
bamboo sawdust 20 20
dry compost 40
maltose 10
DL-asparagine 2
yeast extract 3 2 2
KH,PO, 1 1 1 1 1 04 1 1
K,HPO, 1
MgSO, 0.5 0.5 05 0.5 0.5 0.5 0.5 0.5
NaNoO, 2
KCl 0.5
FeSO, 0.01
agar 20 20 20 20 20 20 20 20 20 20 20 20

*PDA (potato dextrose agar), PPA (potato peptone agar), PMA (potato malt extract agar), PBA (potato bamboo extract agar), BMA (bamboo malt
extract agar), CDA (compost dextrose agar), YMA (yeast malt extrct agar), MCM (mushroom complete media), HA (Hamada media), MEA (malt

extract agar).
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mine HCl 10 mg. nicotinic acid 10 mg and distilled water
1000 m/) medium was used to screen pH level suitable for
a favorable growth of Dictyophora spp. After Smm diam-
eter plug of an inoculum was removed with cork borer from
14 days old cultures of Dictyophora spp. grown on PBA
medium, the plug placed in the center of each agar plate of
sterile modified GA medium adjusted to the range of pH 2.0~
7.0 with 1 N NaOH or HCl, and incubated for 14 days at 25°C.

Results and Discussion

Screening of favorable culture medium

Mycelial growth of the strains of Dictyophora spp. was
compared by using pine bamboo sawdust medium after
filled up in 30 mm diameter test tube (Table 3). D. echino-
volvata showed the fastest growth-rate compared to other
strains used, and Phallus rugulosus, D. indusiata and D.
indusiata f. lutea were next, respectively.

In order to select effective materials for mass culturing of
the veiled lady mushroom, five natural nutrients such as
bamboo sawdust, pine leaf, onion and potato bamboo saw-
dust sugar medium were investigated as a basic experiment.
PBA showed the fastest in mycelial growth compared to
other media and compact mycelial density as well (Table 4).
Among twelve different culture media used, it was found
that PBA medium was best medium with regard to mycelial
growth and colony density (Table 5).

Furthermore, PBA medium was better than PPA used by
Son (1991) and ATCC-1070 medium recommended by ATCC,
although speedy mycelial growth of the mushroom was shown
on bamboo extract PMA medium in comparison with PDA,
MEA, YMA and MCM. On the other hand, Dictyophora

Table 3. Comparison of mycelium growth for the different
species of Dictyophora species cultured in test tube”
with the pine bamboo sawdust at 25°C for 30 days
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Table 4. Selection of optimal medium of mycelial growth of
Dictyophora species

Species Strain ~ Mycelial growth length (mm)
D. indusiata ASI 32001 373 &
ASI 32003 337 ¢
ASI 32005 323 ¢
ASI 32006 313 ¢
ASI 32011 317 e
D. echinovolvata ASI 32002 56.3 a
AST 32007 517 b
ASIT 32008 56.7 a
ASI 32010 523 b
D. indusiata f. lutea AST 32009 10.7 £
Phallus rugulosus  ASI 32004 450 ¢
ASI 25007 457 ¢

"¢30 mm test tube, filled with pine sawdust and bamboo sawdust +
rice bran (7:1: 2 ratio) solid medium with moisture of 65% incubated
at 25°C for 30 days.

“The letter is significantly different at p =0.05 level by Duncan’s mul-
tiple range test.

D. echinovolvata D. indusiata
AST 32002 ASI 32003
Substrates i Myceli .
Mycelial Mycelial yeelial Mycelial
growth density” density”
(mm/14 days) (mm/14 days)
Bamboo sawdust”  65.7 b” MC 350 b” MC
Bamboo leaf” 60.7 ¢ C 39.0 a MC
Pine leaf® 640 b C 300 ¢ C
Onion” 533 d MC 357 b L
Potato +bamboo oo, pg 383 a C
sawdust
PDA(Control) 203 e DC 170 d DC

"Mycelial density : Loose (L), Moderately compact (MC), Compact
(C), Densely compact (DC).

*9Additive for the treatments (g/l).

*“sugar 10, malt ext. 7.

“sugar 30, peptone 3.

“bamboo sawdust 20 g, potato 200 g, sugar 10 g, malt ext. 7 g.

"The letter is significantly different at p = 0.05 level by Duncan's mul-
tiple range test.

spp. appeared a poor growth on YMA medium, regardless
of two different species of the mushroom. The mycelial growth
of 12 different culture media was observed in the range of
5.0~69.0mm for 14 days. In general, D. echinovolvata
showed faster mycelial growth than D. indusiata. The myce-
lial density of Dictyophora spp. on PBA medium was rather
inferior to those of PDA and MEA.

Effect of nutritional sources

Carbon sources: To screen favorable carbon sources
capable of stimulating mycelial growth of Dictyophora spp.
the basal medium was used with modified GA medium that
is composed of glucose 20 g, asparagine 2 g, KH,PO, 1g,
MgSO, 0.5g, ferrous citrate 5mg, ZnSO, - 7TH,O 4.4 mg,
MnSO, - 4H,0 5mg, CaCl,-2H,0 55.5mg, thiamine HCI
10 mg. nicotinic acid 10mg and distilled water 1,000 m/,
and pH was adjusted at 5.0. Among 15 carbon sources, 9
carbon sources were favorable to the mycelial growth of two
strains of Dictyophora spp compared with control (Table 6).
Mycelial growth of D. echinovolvata was most favorable on
the medium which were supplemented with glucose, mannose
and maltose, and recorded colony diameter 32.3~20.3 mm
while, in the case of D. indusiata, glucose, maltose and
mannose and were favorable for the mycelial growth.

Nitrogen sources: Among 12 nitrogen sources including
alanine, it showed that alanine appeared to stimulate a my-
celial growth of D. echinovolvata, whereas, in the case of D.
indusiata, good mycelial growth was resulted in asparagine,
aspartic acid and glutamine (Table 7).

There was no mycelial growth on the medium which were
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Table 5. Effect of various media on mycelial growth of Dicty-
ophora species

Table 6. Effect of carbon sources on the mycelial growth of

D. echinovolvata D. indusiata

ASI 32002 ASI 32003
Culture - -
medium Mycelial Mycelial Mycelial Mycelial
growth density” growth density”
(mm/14 days) (mm/14 days)
PPA? 50.3 ¢” C 203 €” C
CDA 173 DC 80 g DC
PMA 157 fg DC 123 f C
BMA 65.7 a C 308 a MC
PBA 69.0 a DC 267 b DC
MEA 50.7 ¢ DC 26.0 be C
HA 533 be C 25.3 be DC
YMA 127 g MC 9.0 fg MC
MCM 430 d C 18.3 de MC
Lilly 430 d MC 22.3 cd MC
Czapek 573 b L 50 g L
PDA(Control) 383 ¢ DC 17.3 de DC

"Mycelial density : Loose (L), Moderately compact (MC), Compact
(C), Densely compact (DC).

PPPA (potato 200 g, sugar 20 g, peptone 1g, KHPO, 1g, MgSO,
0.5 g, agar 20 g), CDA (dry compost 40 g, sugar 10 g, malt extract 7 g,
peptone 1 g, KH,PO, 1 g, MgSO, 0.5 g, agar 20 g), PMA (potato 200 g,
sugar 20 g, malt extract 7 g, peptone 1g, KH,PO, 1g, MgSO, 0.5¢g,
agar 20 g), BMA (bamboo sawdust 20 g, sugar 20 g, malt extract 7 g,
peptone 1 g, KH,PO, 1 g, MgSO, 0.5 g, agar 20 g), PBA (potato 200 g,
bamboo sawdust 20 g, sugar 10g, malt extract 7g, peptone 1g,
KH,PO, 1g, MgSO, 0.5g, agar 20 g), MEA (malt extract 20 g, pep-
tone 5g, agar 20 g), HA (sugar 20 g, yeast extract 2 g, agar 20g),
YMA (yeast extract 3 g, malt extract 3 g, peptone 5 g, sugar 10 g, agar
20 g), MCM (sugar 20 g, yeast extract 2 g, KH,PO, 0.4 g, K.HPO, 1g,
MgSO, 0.5g, agar 20g), Lilly (maltose 10g, DL-asparagine 2 g,
KH,PO, 1g, MgSO, 0.5 g, Agar 20 g), Czapek-Dox (sugar 30 g, NaNO,
2g, KHPO, 1g, MgSO,-7H,0 05 g, KCl 0.5g, FeSO, 0.01 g, agar
20 g), PDA (potato 200 g, sugar 20 g, agar 20 g).

*The letter is significantly different at p=0.05 level by Duncan’s mul-
tiple range test.

supplemented with nitrogen source such as lysine, arginine,
isoleucine. Generally, it was confirmed that most of 12
nitrogen sources didn’t have a distinct effect on favorable
growth of the mushroom (Table 7).

Optimum C/N ratio: Optimum C/N ratio suitable for a
favorable growth of D. echinovolvata and D. indusiata was
observed on the GA culture medium which were adjusted to
ratio of glucose to each one of alanine and glutamine. On
the culture medium which were mixed 2% and 4% of glu-
cose as carbon source and them adjusted to the C/N ratio as
10:1, 15:1, 20: 1, 25:1, 30: 1, respectively. In the case
of 2% in carbon concentration, the most favorable C/N ratio
was 25:1 with the two species as 28.7 mg and 28.5 mg as
mycelial dry weight. On the other hand in case of lower C/
N ratio, mycelial growth was rather poor.

Optimal temperature
Among Dictyophora spp. cyltured on PBA medium at dif-

Dictyophora species
- Dry weight (mg/100 mi/30 dals)

Carbon ‘ N o
source D. echinovolvata _. D. indusiata
AST32002 ASI 32003

arabinose 40 f° 30 f
fructose 11.3 def 9.5 cdef
galactose 5 4.0 ef
mannose 22.3 be 25.0 ab
xylose 40 f 17.0 bed
lactose 7.5 ef 12.3 cdef
maltose 20.3 bed 20.3 abc
sucrose 14.7 cde 13.7 bedef
dextrin 13.0 cdef 16.3 bede
glycerine 5.0 ef 5.3 def
inuline 15.0 cde 16.7 bed
mannitol 53 ef 20.0 abc
starch 323 a 14.3 bedef
Control” 29.0 ab 300 a

Each carbon source was added in the basal medium at the concentra-
tion of 0.2 M.

"Control contains glucose 20 g, asparagine 2 g, KH,PO, 1g, MgSO,
0.5 g and distilled water 1,000 mi/.

>The letter is significantly different at p =0.05 level by Duncan’s mul-
tiple range test.

T : trace.

Table 7. Effect of nitrogen sources on the mycelial growth of
Dictyophora species

Dry weight (mg/100 m//30 days)

Nitrogen - -
source D. echinovolvata D. indusiata
AST 32002 ASI 32003

Asparatic acid 14.0 v’ 21.7abc”
Glutamic acid 110 b 11.7bcd
Glutamine 110 b 25.3a
Lysine T 9.3cd
Arginine T T
Glycine 130 b T
Alanine 2277 a 7.7cd
Valline 117 b 17.0abcd
Isoleucine 97 b 12.7abcd
Serine 87b 15.0abcd
Threonine 100 b 12.5abed
Control” 43 b 25.0ab

Each nitrogen source was added in the basal medium at the concen-
tration of 0.02 M.

"Control contains glucose 20 g, asparagine 2 g, KH,PO, 1g, MgSO,
0.5 g and distilled water 1,000 m/.

®The letter is significantly different at p=0.05 level by Duncan’s mul-
tiple range test.

T : trace.

ferent temperature for 14 days, mycelial growth was mostly
favorable for the two species at 25°C, while, to D. echino-
volvata ASI 32002 strain and Phallus rugulosus was 30°C.
The reason that the strains of D. echinovolvata have differ-
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Table 8. Mycelial growth of Dictyophora species at different C/
N ratios in the basal medium” (mg/100 mi/30 days)

Concentration of D-Glucose

D. echinovolvata D. indusiata

C:N
AST 32002 ASI 32003

2% 4% 2% 4%
10:1 200 ¢° 133 f 19.0 bed 18.7 bed
15:1 203 de 18.7 ef 18.0 bed 24.3 abced
20:1 240 cde 26.7 bed 13.0 d 19.7 bed
25:1 287 be 327 Db 28.5 ab 15.0 cd
30:1 213 de 42.7 a 27.3 abc 337 a
"Basal medium glucose 20g, asparagine 2g, KHPO, 1g,

MgSO, - 7TH,0 0.5 g and distilled water 1,000 m/, pH 4.0.

The ratio of alanine and glutamine versus D-glucose were adjusted to
total ratio 10:1, 15:1, 20:1, 25:1, 30:1, respectively.

*The dry weight (mg) was measured after 30 days in cultivation. The
letter is significantly different at p=0.05 level by Duncan’s multiple
range test.

ent optimal temperature is supposed to be related with geo-
graphical distribution. Yang and Jong (1987) reported that the
most favorable temperature for mycelial growth and fruiting
body development of D. indusiata was 24°C. On the other
hand, this result is consistent with Zeng’s report (Zeng ef al.,
1988) was 30 to 35°C. A favorable temperature of D. echi-
novolvata for mycelial growth and fruiting body formation.

Optimal pH

To screen pH level favorable for Dictyophora spp., the pH
levels in the modified GA medium were adjusted to inter-
vals of pH in the range of pH 2.0~7.0. The mycelial growth
of the Dictyophora spp. was most favorable at pH 5.0.
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Fig. 1. Mycelial growth of Dictyophora species strains culiured
on PBA at different temperature for 14 days. PBA :
Potato and bamboo sawdust extract medium, D. indusiata
ASI 32001, 32003, 32005, 32006 and 32011, D. ech-
inovolvata : ASI 32002, 32007, 32008 and 32010,
Phallus rugulosus : ASI 25007 and 32004.
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Fig. 2. Mycelial growth of Dictyophora species strains cultured
on modified GA medium at different pH levels for 30
days. Modified GA medium : glucose 20 g, asparagine
2 g, KHPO, 1g, MgSO, - 7TH,0 0.5 g, ferrous citrate 5
mg, ZnSO, - TH,O 4.4 mg, MnSO, - 4H,0 5 mg, CaCl, -
2H,0 55.5mg, thiamine HCl 10 mg. nicotinic acid 10
mg and disilled water 1000 ml. D. indusiata : ASI 32001,
32003, 32005, 32006 and 32011, D. echinovolvata :
ASI 32002, 32007, 32008 and 32010, Phallus rugulosus :
ASI 25007 and 32004.

While there was no favorable for mycelial growth at pH 2.0
and 7.0 (Fig. 2). These results was similar with reports by
Son (1991) and Yo (1997) that pH5.5~6.0 for mycelial
growth and pH 4.5~5.0 for fruiting body formation.

Based on the obtained basic data, the next study will be
focused on investigating the possibility that Dictyophora spp.
can produce a lot of its fruiting body on the culture med-
ium. Sooner or later, it will be possible to develop a.new
culture medium suitable for mass production of Dictyophora
echinovolvata.
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