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This study was carried out to investigate the antimicrobial and antioxidative effects of mycelium cultural extract from
mushroom. Mushroom mycelium was grown in a defined synthetic liquid medium and citrus extracts, and the culture extracts
were examined for antioxidant and antibacterial activity. Myceliums of Phellinus linteus, Cordyceps militaris, Coriolus
versicolor, Sparassic crispa, Agaricus blazei, Inonotus obliquus, Lentinus edodes, Hericium erinacium, Gonoderma lucidium in
10% citrus extract supplemented medium and synthesis medium were incubated in a shaking incubator (120 rpm, 24~307C)
for 7~15 days. The antimicrobial activity of the culture fluid of mushroom mycelium grown in submerged liquid culture was
tested against 12 microorganisms which were fish pathogens and common bacterial species. The culture extracts showed
high activity against Vibrio sp. and had poor effect on Streptococcus sp., S. parauberis, S. iniae. The culture extracts
obtained from the synthetic medium showed 30~93% of the 1,1-diphenyl-2-picrylhydrazyl radical scavenger activity, the culture

extracts obtained from the citrus extracts medium exhibited antioxidant activity up to 55%.
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(Phellinus linteus), 6] 7]1538t32 (Cordyceps militaris), &
AW A (Coriolus versicolor), Z40|WAl (Sparassic crispa),
AW A (Agaricus blazei), X}7VH A (Inonotus obliquus), &
I (Lentinus  edodes), *=ZE-ZFWO|WHA  (Hericium
erinacium), 1331 QAW A (Gonoderma lucidiumyd< (F)
FEASLAM B FQ FFE AHE3HH tHTable 1).
TFEHE 4T YFad 20 m A FPo] Potato Dextrose
Agar (PDA; Difco. Co. USA), YM (Dextrose 1%, Peptone
0.5%, Malt extract 0.3%, Yeast extract 0.3%, Agar 1.8%)
slant2 B#sHA ded gl 2 wjA9) 85 m F
g1 ol AEte g wigS FQhTh ym FAA
730l 5 en ol ARE W FAA AFAE A Cork
borer (5 m)E oA HEFAG £ 4FAAME 712 v
AE PDA, YME A[§38%1, A2 AE5Ede
Tk FHFA 10% (viv) BEE HIME F, 44 )
Fato] g 8A, g3l T AP AT
Ao AT ZE FE2ALE AT GAFE Idd
aA AFZ ALNLFANA ikt Alg FA AF
7 MY (62 bri)gg FYIA AT FHFE 12% H
A g43te] 4T HBshEA Aol ASIIAT. 547
B RS pHE 570195 & YRR 49 A6
Fo dut HYA o5 Vzbrto harvey KCTC 2717, Vibrio
mimicus KCTC 2732, Vibrio alginolyticus KCTC 2472, Vibrio
vulnificus KCTC 2959, Vibrio parahaemolyticus KCTC 2471
T AFAAM Mg Be A¥e doe AT a% &
A9l Vibrio anguillarum KCTC 2711, Edwardsiella tarda
KCTC 122673} Vibrio pelagius KCTC 2732,718] 3 o] & u}
WAA AT Vibrio campbelli KCTC 2716, A8 A
GAdR 2 BaE ag dAFQ Streptococcus sp.9 HE)
F 8 Streptococcus iniae, Streptococcus parauberisS A}
Atk & ASFuA= Marine Agar (Difco. Co. USA)s}
Nutrient Agar (Difco. Co. USA), S8 A4=4S 943 8%
2+ Mueller Hinton Agar (Difco. Co. USA)E A}&&}% ).

Table 1. The mushroom mycelium used for the tests of antibacterial
and antioxidant activities

Name of mushroom Part

Korean name Scientific name used
Sanghwang Phellinus linteus Mycelium
Eunji Coriolus versicolor Mycelium
Dongchunghacho Cordyceps militaris Mycelium
Sinlyung Agaricus blazei Murill Mycelium
Chaga Inonotus obliquus Mycelium
Norugungdengi Hericicum erinacium Mycelium
Youngji Ganoderma lucidum Mycelium
Pyogo Lentinus edodes Mycelium
Kkotsong i Sparassic crispa Mycelium

EctA3uY ¥ Carboy HI Y

718 A @w A& Potato Dextrose Broth (Difco. Co. USA)
o YM wjAE Ap8asith WAL 300 nt 37 flasko)
100 m4 Bated 121, 208 E¢ n1gF "Fstgch 2
ANTF HEYE Cork borer (5 nm=E 54R wola HZs)
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Figure 1. Extraction procedure from culture broth of mushroom
mycelium.
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Superoxide radical (0,) scavenging ability

Superoxide radical AAZAHNFTEL LZE  AHoA
pyrogallol®] A} FAksle] o3l WS o] -3 Marklud2}
Marklud®] 3ol el 8t Hth(17, 18). £ A7l
AHEE AlEe T4 1A4xdE FE2ES FHFY 10 mgml
9 FEE A" AL AHgstden, $3UE 50 mM
phosphate buffer 2.61 ml, 3 mM pyrogallol 90 W& 713}
o 30% tZFoe=x  3E7F  spectrophotometer  (Hanson
OPRON-3000, Korea)o| A standard (control)E ZA3l &, 3
Z2EE59 AEEL 50 mM phosphate buffer (pH 8.24) 2.61
ml9} A]E 50 ul, 3 mM pyrogallol 90 plE H7}ste] 325
nmol| A 30%. 7FASZ 687 &A3}g o, superoxide
radical 2AEA % b 2 2o 93 Y i
TH(19).
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Table 2. Antibacterial activities of the liquid culture extracts of mushroom mycelium from the synthetic liquid media

Phellinus Coriolus Cordyceps Agaricus Inonotus Hericicum Ganoderma Lentinus Sparassic
linteus versicolor militaris blazei obliquus erinacium lucicum edodes crispa
, Inhibition zone (mm)
Strain -

Concentration (mg/ml)
10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20
V. harvey 9 10 18 20 10 15 17 22 - 9 10 13 10 12 8 11 19 22
V. mimicus 9 11 12 15 - 10 11 13 8 12 8 12 8 11 7 11 22 24
V. alginolyticus 10 13 11 12 - 9 8 11 - - 10 13 8 10 9 11 16 20
V. vulnificus 11 13 15 18 9 10 12 15 9 11 9 13 - 9 8 10 17 20
V. parahaemolyticus 14 18 i5 22 9 10 10 15 9 10 9 10 12 19 - 8 19 21
V. campbelli 8 8 9 12 8 9 - - 7 8 8 10 10 10 - 8 20 22
V. anguillarum 10 i3 13 18 9 11 10 11 9 12 8 10 8 10 8 12 21 23
V. pelagius 0 0 9 10 - - - - - - 8 9 - - - 7 20 22
E. tarda 9 10 10 12 9 10 10 11 8 11 - - - - - - 16 18
Streptococcus sp. 9 14 9 13 8 10 8 12 8 8 9 12 - - 9 12 20 25
S. inige - 8 - 12 7 7 - - 8 9 ND ND ND ND ND ND ND ND
S. parauberis - 8 7 7 7 7 0 0 9 15 ND ND ND ND ND ND ND ND

Cells were grown on MHA plate for 24h at 26, 37°C after 10 mg, 20 mg each of mushroom liquid cultures was absorbed into paper disc (6 mm in
diameter) and then the diameter (mm) of the growth inhibition zone was measured. Each value represents the average of three independent experiments.
-: No inhibition zone, ND : No data

Table 3. Antibacterial activities of the liquid culture extracts of mushroom mycelium from the citrus extract media

Phellinus Coriolus Cordyceps Agaricus Inonotus ' Hericicum Ganodernn Lentinus Sparassic
linteus versicolor militaris blazei obliquus erinacium lucicum edodes crispa
. Inhibition zone (mm)
Strain -

Concentration (mg/ml)
10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20
V. harvey 12 15 12 17 10 17 10 13 10 13 10 15 10 14 8 12 15 22
V. mimicus 12 13 11 13 7 8 8 10 8 10 8 15 8 12 10 12 12 20
V. alginolyticus 10 13 10 13 8 9 9 11 9 10 11 17 10 13 10 14 13 16
V. vulnificus 10 13 11 14 - 10 8 8 9 13 10 17 10 15 11 15 12 18
V. parahaemolyticus 13 17 13 17 - - 9 10 8 12 9 15 8 11 9 15 15 20
V. campbelli 9 10 10 10 8 8 - - - 10 10 14 8 11 10 15 15 22
V. anguillarum 13 16 10 15 8 10 10 13 9 13 10 15 8 13 10 13 15 22
V. pelagius - 8 8 8 - - - - - - 8 9 - - 8 9 12 15
E. tarda 8 9 7 8 7 8 8 9 9 10 - 10 - 8 8 9 12 15
Streptococcus sp. 13 16 10 12 8 10 8 10 7 10 10 15 9 12 10 12 15 20
S. iniae - 7 - 12 7 7 - - 8 10 ND ND ND ND ND ND ND ND
S. parauberis 8 10 8 11 8 8 7 8 8 10 ND ND ND ND ND ND ND ND

Cells were grown on MHA plate for 24h at 26, 37C after 10 mg, 20 mg each of mushroom liquid cultures was absorbed into paper disc (6 mm in
diameter) and then the diameter (mm) of the growth inhibition zone was measured. Each value represents the average of three independent experiments.
-: No inhibition zone. ND : No data
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Figure 2. Electron donating activities of extracts from mushroom EE AP0 5 mgml o)) FEAME 40% o]de
mycelia culture (A: Ganoderma lucidum, B: Hericicum erinacium, C: godd AAZAAR BFHYoH, BEFESA HrMA
Lentinus edodes D: Inonotus obliquus, E: Sparassic crispa, F: AN A Ganoderma lucidum, Cordyceps militaris A} wloF
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Figure 3. Electron donating activities of extracts from mushroom mycelia
cultured with citrus (10%) extracts (A: Ganoderma lucidum, B: Hericicum
erinacium, C: Lentinus edodes D: Inonotus obliquus, E: Sparassic crispa,
F: Agaricus blazei, G: Cordyceps militaris, H: Coriolus versicolor, I
Phellinus linteus. []: 10 mg/ml, B: 5 mg/ml, {I: 1 mg/ml, M: BHA
(butylated hydroxyanisole), CE: Citrus extract (Negative control), Each

Superoxide radical scavenging acvivity
(%)

F;Ljﬂﬁﬂﬁ

BHA CE A B C D E

value represents the average of three independent experiments). Figure 4. SOD-like activity of the liquid culture extracts of mushroom
mycelium from the synthetic liquid and the citrus extract media (A:
I:H &l'& A}i-" HH‘:’; %t_ égq MAZ % Ganoderma lucidum, B: Hericicum erinacium, C: Lentinus edodes D:
SIAEL A o B ExH9 dgte idative £ dical Inonotus  obliquus, E: Sparassic crispa, F. Agaricus blazei, G:
FAstEde) 7 SAAA GEL oxidative free radica Cordyceps militaris, H: Coriolus versicolor, 1: Phellinus linteus.
I kgt tetE g A7 =Y vk DPPHY-S liquid culture extracts of the synthetic media , [0 liquid culture
tocopherol, ascorbate’ flavonoid ﬁ.@-%) tg-ﬁg:—i‘— O}f‘l_]%’ extracts of the citrus media, BHA (butylated hydroxyanisole), CE:
maillard® 28 AAAEA, peptide S0 343 AL 1} Citrus extract (Negative control), Each value represents the average of

three independent experiments).

B 4284 20 o8 BRBoEA Ae Aol

Table 4. Antibiotics resistance of Vibrio sp. and fishes disease bacteria

Penicillin Erythromycin Neomycin Kanamycin chloamphenicol Nalidixic acid Tetracycine
Inhibition zone (mm)

Streptococcus sp. 25 23 25 21 27 30 22
E. tarda 18 30 23 18 22 30 20
V.pelagius 20 30 24 19 20 30 35

V. campbelli 25 25 25 2 25 28 35

V. alginolyticus 25 21 20 19 24 30 20

V. parahaemolyticus 30 20 19 19 25 28 18
V. mimicus 32 22 24 20 25 31 20

V. anguillarum 30 22 20 21 28 30 15
V. harvey 32 24 21 20 30 27 20

V. vulnificus 24 20 20 16 26 26 18
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Superoxide radical (02) scavenging ability
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