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ABSTRACT: Nautritional requirements for the growth of Flammulina velutipes were studied. Manni-
tol, glutamic acid and ammonium nitrate were chosen for the maximum mycelial growth when
various carbon and nitrogen sources tested. Optimum C : N ratio for the mycelial growth was
20 : 1. Potassium dihydrogen phosphate was selected among the phosphate sources. Magnesium
sulphate and thiamine HCl stimulate mycelial growth. Final compositions of optimized chemically
defined medium were 1.5% mannitol, 0.082% NHNQ;, 0.312% glutamic acid, 0.25% KH,PO,, 0.06%
MgSO,:7H;0 and 0.3 ug/! thiamin HCl. This medium not only support mycelial growth but also
induce fruit body formation.
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Flammulina velutipes is an edible mushroom
which is commonly known as winter mushroom
because it appears most frequently in winter (To-
nomura, 1978). It belongs taxonomically to the fa-
mily of Tricholomataceae. The artificial cultivation
was started since 1899 in Japan and it was forth
in total world production of edible mushroom in
1984 (Chang and Miles, 1989). The consumption
of this mushroom continues to increase due to
it has high protein content, anti-cancer effect and
lowering blood cholesterol level (Komatsu et al.,
1963, Lin et al., 1974).

The life cycle of F. velutipes differs from other
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basidiomycetes since monokaryotic fruit bodies
are formed and dedikaryotization is displayed.
This mushroom is also well known for inducing
a haploid fruit body on monokaryons (Ross, 1979).
Physiologically, it is a chemoheterotroph which
consumes organic carbons. Cellulose, lignin, and
monosaccharides are major carbon sources for the
saprophytic growth of this fungi and it is uncom-
mon for parasitic growth (Tonomura, 1978). Amino
acids and ammonium compounds are the principle
nitrogen sources and Mg?* and PO¢#~ are essen-
tial inorganic salts for the growth of mycelium
and fruit body formation. Various metal ions and
vitamins are also required (Chang and Miles,
1989). In nature, it breaks down the stem and
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roots of broadleaved trees such as aspen, willow,
mulberry, poplar and chinese nettle (Kitamoto,
1972).

Previously, additives for the stimulation of both
mycelial and fruit body growth and cultivation
medium by using agricultural waste were develo-
ped in our laboratory (Song et al., 1993, Ahn et
al., 1993). In the present study, a chemically defi-
ned medium was developed which can support
both mycelial and fruit body growth of F. velutipes
in order to study systematically on fungal physio-
logy and development.

Materials and Methods

Source of culture and medium

Flammulina velutipes (FV 10) was obtained from
Dr. K. Y. Cho, the university of sydney, and was
maintained and cultured on Henneberg’s medium
(glucose 5.0%, KNO; 0.2%, NH,H,PO, 0.1%, KH,
PO, 0.1%, CaCl, 0.01%, MgS0,-7H,0 0.05%) (Wa-
kita, 1955).

Preparation of inoculum

Mycelium of F. velutipes was grown on Henne-
berg’s medium in petri dish. Culture on the plate
was punched by 8 mm diameter with sterilized
cork boler. The agar disc containing hyphal tip
was used as inoculum for the solid culture. For
the submerged mycelial culture, mycelial pellets
obtained by growing medium in shake cultures
in 250 m/ flask containing 100 m/ of Henneberg’s
medium (pH 6.5, 22T, 125 rpm, 15 days) were
homogenized aseptically with glass beads (3 mm
dia.) by shaking. One ml of mycelial suspension
(3.0 mg/m/, D.W.) was used for inoculation.

Formulation of chemically defined medium

F. velutipes was grown in Henneberg’s agar me-
dium modified as follows : different source of car-
bohydrates, inorganic nitrogen and amino acids
were used to substitute the nutrient sources in
the original Henneberg’s medium as detailed in
Table 1 and Table 2. The C:N ratio was alterd
by keeping the carbon constant and varying the

level of nitrogen to obtain ratios from 1 : 1 to 200

. 1. Petri dishes (80 mm dia.) containing 15 m/
each of the variously modified medium at pH 6.5
were inoculated with mycelial disc on the center
of the plate and the colony diameter was measu-
red after 8 days.

The carbohydrate, inorganic nitrogen, amino
acid and C : N ratio supporting maximum mycelial
growth of F. welutipes were chosen for further
study. Different concentration of maltose, inorga-
nic salt, trace metal and thiamin were also tested
to determine the optimum concentrations of these
ingredients required for mycelial growth and basi-
diocarp formation. Environmental conditions were
varied in order to obtain optimum cultural charac-
teristics as follows : 1) Temperature ; The inocu-
lated flasks were incubated at 5, 10, 15, 20, 25
and 30C. 2) pH; The medium was adjusted to
different level of pH with 0.1 M HCI or NaOH.
The final pH before autoclaving were 2, 3, 4, 5,
6, 7 and 8. 3) Shaking frequencies ; Flasks were
shaken at 40, 60, 80, 100, 120, 140, 160, 180 and
200 rpm.

Measurement of mycelial growth

Diameter of mycelial colony was measured on
the day 8 after inoculation with a mycelial disc
on the center of the plate for the solid culture
and expressed as mm. In the submerged culture,
mycelium consisting of individual pellets was har-
vested by filtration (Whatman NO. 42) and washed
3 times with distilled water on the day 15 after
inoculation with 1 m/ of precultured mycelial sus-
pension as mentioned above. Dry cell weight
(DCW) of mycelium was measured by constant
weight method at 105C and expressed as mg/ml.

Conditions for the basidiocarp formation on the
chemically defined medium

Petri dish containing mycelium was incubated
at 20~22T for 28 days under dark condition after
inoculation. This plate was then incubated at 10~
12T for 15 days for primordium formation. Fina-
lly, basidiocarps can be obtained after 10 days at
4~6C under 200 Lux light.
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Table 1. Mycelial growth of Flammulina velutipes on Henneberg’'s medium with different source of carbon

and nitrogen.

Carhohydrates Dia. of Inorganic Dia. of Organic Dia. of
01 M) colony nitrogen sources colony nitrogen sources colony
(cm) ©0.05 M) (cm) 0.02 M) (cm)
Mannitol 6.1+ 0.2 Ammonium nitrate 58+ 0.3 Glutamic acids 6.7+ 3
Rhamnose 57+03 Ammonium sulfate 57+03 Alanine 6.51 2
Xylose 56+0.2 Ammonium bicarbonate 5.7t 0.2 Valine 63+ 2
Sorbotol 551 0.1 Sodium nitrate 54+ 0.3 Glycine 6.2+ 3
Lactose 54102 Ammonium phosphate 54+ 0.1 Asparagine 6.2+ 1
cMCY 52+0.3 Ammonium chloride 53+0.2 Isoleucine 6.0+ 2
Ribitol 52+ 0.2 Potassium nitrate 51+ 0.2 Proline 57x3
Glucose 51+ 0.2 Ammonium tartrate 41£03 Aspartic acid 5513
Mannose 50+ 0.3 Ammonium acetate 24+04 Arginine 55+ 2
Inositol 49102 Ammonium citrate 2.0+ 0.3 Serine 54+ 2
Fructose 49+ 0.2 Ammonium oxlate 0 Phenylalanine 532
Starch? 48+0.1 Ammonium fosrmate 0 Trytophan 503
Arabinose 47103 Ammonium thiocynate 0 Leucine 50+ 2
Maltose 47102 Potassium nitrate 0 Threonine 50+ 3
Dextrin? 4.6+ 03 Sodium nitrate 0 Methionine 45+t 2
Ribose 43+03 Cysteine 42+3
Galactose 3.0+02 Histidine 42+3
Sucrose 2.0x04 Lytsine 3414

DSame weight of glucose

Results and Discussion

Nutritional requirements for the mycelial gro-
wth

F. velutipes can utilize a wide variety of carboh-
ydrates such as mono-, di- and polysaccharides.
Generally monosaccharides were better carbon
source than di- and polysaccharides for the myce-
lial growth of F. velutipes (Table 1). Especiaily,
mannitol achived the maximum mycelial growth
among the carbon sources tested and this result
agrees with Gruen and Wu (1972). On the other
hand, Kitamoto (1972) found that trehalose was
the best carbon source for the formation of fruit
body. It may be due to the difference of nutritio-
nal requirement for the developmental stages of
fruit body. F. velutipes can utilize polysaccharide
such as starch, carboxymethyl cellulose (CMC)

and dextrin. This result reveals that mycelium
of this fungi can excrete both extracellular amy-
lase and cellulase. The relatively poor growth of
F. velutipes in sucrose and galactose could be due
to the deficiency of enzyme which can decompose
of this substrates.

Among the inorganic nitrogen sources tested,
maximum mycelial growth was observed in am-
monium nitrate (Table 1). The failure of growth
in the medium containing sodium nitrite and po-
tassium nitrite resembles a common situation in
fungi (Garraway and Evans, 1984). The toxicity
of nitrite could be due to its ability to deaminate
amino acid and interfere with sulphur metabolism
since its similarity to the sulphite ion (Pateman
and Kinghorn, 1976).

Glutamic acid was the most effective amino acid
for the mycelial growth from 18 kinds of amino
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Table 2. Determination of optimum C : N ratio for
the mycelial growth of Flammulina veluti-

pes.

C:N Diameter of mycelial
ratio” colony (cm)
1:1 3.6+0.2%
5:1 58+ 0.1
101 58+ 0.2
15:1 6.1t 0.1
20:1 6.2+ 0.3
40:1 581 0.2
60:1 58+0.3
80:1 59+ 0.3
100 :1 6.0+ 0.3
120: 1 58+ 0.2
140:1 64+ 0.1
160 : 1 64+ 0.1
180 01 6.5+ 0.1
200:1 55+ 0.2

DC: Mannitol 1.5% (W/V) as a carbon source
N: Ammonium nitrate as a nitrogen source

2+ SD: Standard Deviation, 5 replicates
Culture was carried out at 22T for 8 days

acids tested (Table 1). Simple structural amino
acids such as glycine, alanine and valine were also
effective for the mycelial growth of F. velutipes.
When glutamic acid was not added to the submer-
ged culture, the growth of mycelium was inhibited
fatally and ceased.

F. velutipes gréw wide range of C : N ratio (Ta-
ble 2). Mycelial growth of this fungi was good
at C . N ratio of 5. 1—80 : 1 and was not signifi-
cantly different at such ranges. The best yield was
obtained in the C . N ratio of 20 . 1 which equals

to 1.5% (W/V) of mannitol and 0.085% (W/V) of .

ammonium nijtrate. Similar results were reported
from other kinds of fungi. For instance, optimum
C ! N ratio of Volvariella volvacea (Chang-Ho and
Yee, 1977) and Lentinus edodes (Song et al., 1987)
was obtained 20 : 1 and 30 : 1, respectively.
Phosphate sources of ammonium form were not
effective to the mycelial growth of F. wvelutipes
while sodium or potassium form promoted myce-

Phosphates (0.02M)

0 + 2 8 4 5 & 1 8
Diameter of mycelial colony (cm)

Fig. 1. Mycelial growth of Flammulina velutipes on
the basal medium with various sources of
phosphate.

Mycelial compactness: ®: compact, E: thin.
Culture was carried out at 22C for 8 days.
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Fig. 2. Effect of potassium dihydrogen phosphate
concentration on the mycelial growth of Fla-
mmulina velutipes.

Culture was carried out at 22C for 8 days.

lial growth (Fig 1). Garraway and Evans (1984)
reported that phosporus deficiency in the liquid
culture caused greater inhibition in growth than
any other mineral deficiency. The optimum conce-
ntration of potassium dihydrogen phosphate for
the mycelial growth was 0.25% (W/V) (Fig. 2).
There was no stimulatory effect on the mycelial



Mycelial and Basidiocarps Production of Flammulina 57

Diameter of mycelial colony (cm)

a;; abc def ef
MgSO¢TH0 CaClh  FeSOsTHO ZnS0s THLO
MnS045HO
Fig. 3. Mycelial growth of Flammulina velutipes on
the basal medium with various minerals.
Concentration (g/l): C (control) (@) (f) 0.1, (b)
0.001, (¢) 1.0 (d) 0.01, (e) 0.05.
Culture was carried out at 22C for 8 days.

8.5

75

Diameter of mycelial colony (cm)

6.5
0 100 200 300 400 500 600 700 800 900 1000

Concentration of Thiamine HCI(ug/!)

Fig. 4. Effect of thiamine hydrochloride concentra-
tion on the mycelial growth of Flammulina
velutipes.

Culture was carried out at 22C for 8 days.

growth by addition of minerals except MgSO, (Fig.
3). It is generally known that Mg®* is necessary
for cofactor of enzymes related in glycolysis and
TCA cycle.

The mixture of various water soluble vitamins
was added to the Henneberg’s medium to investi-

Dry weight of mycelium (mg/mi)

0 3 5 7 9 11 13 15 17 19 2
Incubation period (days)

Fig. 5. Mycelial growth of Flammulina velutipes in
the optimized chemically defined medium by
submerged culture.

Culture was carried out at 22C for 21 days.
Composition of optimized chemically defined
medium (g/D).

Mannitol: 15, NH,NO;: 0.82, Glutamic acid:
3.12, KH,PO,: 2.5, Thiamine HCl: 0.3 (ug/),
MgSO,-7H,O: 0.06

gate the requirements of vitamins. Mycelium did
not grow well in the thiamine deficient medium
but it was hard to distinguish the difference of
growth on the medium containing various vitamin
mixtures (data not presented). Optimum concent-
ration of thiamine HCl was observed at 300 ug/!
(Fig. 4). However, Hong (1981) reported that the
maximum mycelial growth was obtained in the
concentration of 500 ug// and decrease in over
that concentration.

Finally, composition and optimum concentration
of chemically defined medium was standardized
and maximum mycelial yield was obtained after
19 days in the submerged mycelial culture (Fig.
5)

Environmental conditions for the mycelial gro-
wth in liquid culture

Optimum temperature for the mycelial growth
was observed at 20C (Fig. 6). There was no signi-
ficant difference in growth at 25C . However, the
growth was decreased over 25C. Similar result
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Dry weight of mycelium (mg/ml)

5 10 15 20 25 30
Temperature (°C)

Fig. 6. Effect of temperature on the mycelial growth
of Flammulina velutipes in submerged cul-
ture.

Culture was carried out with reciprocal sha-
ker at 100 rpm for 15 days.

E

w

Dry weight of mycelium (mg/ml)

pH

Fig. 7. Effect of pH on the mycelial growth of Flam-
mulina velutipes in submerged culture.
Culture was carried out at 222 for 15 days.

was reported that mycelial growth of F. velutipes
was ceased at over 34C for a short period of
time (Tonomura, 1978).

Different levels of pH exerted significant effect
on mycelial growth of F. velutipes (Fig. 7). Opti-
mum pH was 6.5. In comparison to other edible
fungi, this fungi required a relatively high pH.

]

[

N

Dry weight of mycelium (mg/mi)

1]
40 60 80 100 120 140 160 180 200

Shaking frequency (rpm)

Fig. 8. Effect of shaking frequency on the mycelial
growth of Flammulina velutipes in submerged
culture.

Culture was carried out at 22C for 15 days.

For instance, Optimum pH for Lentinus and Pleu-
rotus sp. was 4.5~5.0 (Song et al., 1987).

Maximum mycelial growth was obtained with
100~120 rpm of rotation speed (Fig. 8). Shaking
frequency affected not only oxygen tension but
also size of pellet. Yoshida et al. (1965) observed
that the growth rate of L. edodes was greatly affec-
ted by oxygen tension as is case for cultures of
other filamentous fungi since the rate of respira-
tion of mycelial pellets decreased with the increa-
sing pellet diamater. In his study on the respira-
tion characteristics of mycelia, he indicated that
the aspect of oxygen utilization by mycelial mass
changed on accordance with the variation of gro-
wth type (filamentous or pellet). It could be pro-
posed that pellets did not continue to grow expo-
nentially after they attained a certain diameter
and eventually a pellet was made up of peripheral
growing zone and nongrowing inner mass which
lack of oxygen.

Basidiocarp formation from the chemically defi-
ned medium

Irrespective of natural habitat or artificial cul-
ture as regard to fungal growth, there are two
different growth stages, le. vegetative growth
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Fig. 9. Mycelial pellets (A) and basidiocarps (B) of
Flammulina velutipes in the optimized chemi-
cally defined medium.

phase, namely mycelial development, and the rep-
roductive growth phase in which mushroom grows
up and produces spores. However, only fragment
knowledge exists concerning the physiology and
biochemistry of fruitly of F. velutipes. In part, this
is due to the difficulty of fruiting edible fungi in
pure culture on chemically defined media. Qur
result has shown that the optimized chemically
lefined medium not only supported mycelial gro-
'th but also induced fruiting body formation (Fig.
This result can be applicable for the study of
vsiology, biochemistry and fructification of F.
thipes.
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