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ABSTRACT

This study was conducted to evaluate the inhibitory effects of Phellinus linteus mushroom rice on food-borne pathogens
(Staphylococcus aureus 305, Listeria monocytogenes ATCC 19114, Escherichia coli 0157:H7 ATCC 42894, Escherichia
coli O55) and human rotavirus (KU, S2, YO, K-21). The results obtained are summarized as follows: The inhibitory effects
of Phellinus linteus mushroom rice against food-borne pathogens; inhibition zone diameters for S. aureus 305, L. monocy-
togenes ATCC 19114 and E. coli 0157:H7 ATCC 42894 were 18 mm, 20 mm and 13mm, respectively. E. coli O55 did not
form an inhibition zone. The inhibitory effects of 1/3% Phellinus linteus mushroom rice on MA-104 cells using the MTT
assay were, KU 90.52+18.42%, S2 94.74+8.68%, YO 59.77+8.68% and K-21 97.56+12.50%. Phellinus linteus mushroom
rice has inhibitory effects on the food-borne pathogens S. aureus 305, L. monocytogenes ATCC 19114 and E. coli 0157:H7

ATCC 42894, and human rotavirus (K-21, S2, YO, KU).
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B-glucan’] HFF=Z &2
F3] B-1,3-glucans FHZ 3k B-1,6-glucan
o] Z7IAZ A2 U= FHE FAsk= 2A0E B
HA}. Lentinus edodesZHE] E218 tJFF2Q! lentinan
o] W BAHLE 400-800 kDO.EH FALE LS B-13-
glucopyranoside®]3. p-1,6-] branch® zt= F&0lH, X
A 2 NMRe| 93] 35 YATFRE Zte B ¢
E2Ye R tiChihara et al., 1969).

2 Are AR gAAe dnlg wlE At
FulolA @9 F53 FEEES ol&dto HFH
o (Staphylococcus aureus 305, Listeria monocytogenes
ATCC 19114, Escherichia coli O157:H7 ATCC 42894,
Escherichia coli 055)3} ¢} AALE £4¥8l= human
rotavirus(KU, S2, YO and K-21)o} ti%F 2 A3 &3
T, B

o,

22529 2L human rotavirus® ¢l
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3L Ay 9 MAlEd]| gk ABtu|e] a3E YolE 7] trypsin EDTA(GIBCO, USA)E M EE EAIH} 56°C
A AFE 2 A AAEAY NS 9% 712 A8 oA 2087 BEZAFAZ] 7% o™ FobA] A (fetal
Z AFst3 A} 33y ck bovine serum; Hyclone Laboratories, Inc., Logan, UT,

M= 3 ek
SA M=
B Agd A" ABe el gARE dvizt
gof wjefsle] B4 JElE ALRE AL (FHletol A
A FF ol Wkl BashHA ALRS-S T
BA| 2F

AEdFZ S aureus 305, L. monocytogenes ATCC
19114, E. coli O157:H7 ATCC 42894, E. coli 0555 A}
B3t -72°ColM SEREA FA Al@TTe A
(Blood agar, Comed)ollx] 37°C/24 hr ®jeksle] Alchulek
T AHEBAC

IPH (Hufford er al, 1975)2 583 EPSE] S
aureus 305, L. monocytogenes ATCC 19114, E. coli O157
:H7 ATCC 428949} E. coli 0559 W3t gt ate] =74
£ Muller-hinton agar(Difco, USA)?ol] A ddHe =2
g 3 AFs HIA ol T g BTG5 my
mL)E 280 pL Yo The 37°CollA] 244)7F vjdsk &
538} clear zone?] 2739 wle} S a}e]

ﬂJ(

ZA| rotavirus

H Ao AREH rotavirusEA] 5 human rotaviruss
A AR o) stoll A Hokke §2 YO, KUSE =
Golo| AX Eel5 A3 K-21(Cha er al, 1999)S A5}
Aot

SA M=Z

Rotavuus‘g Z221717] 218 AHS-E MA-104 A2 A
TSRS Feng 5(1994)9] ol wie} Al3ietdet. 23
Hj kg 75 em? F719) T-flaskS 0|83l 5% ¥=2] CO,
£ FH3% 37°C v %7](Johnsam, Korea)oll 4 54 &<t ul
st T MA-104 HE] B=o] BAEE AHE A2H

A1 E5(0.85%-NaC)Z 214 A|F3taL, 108 3415 0.25%-

Table 1. List of rotavirus strains used in this study

USA)3}  1%-L-glutamin penicillin streptomycin(L-GPS :
Irvine Scientific, Santa Anna, CA, USA)°] &A7}E M199
£ 718t 75 em? 3719 T-flaskol] A|EE EFA17] &
AEZE Athufdste] ARE-BH T

Rotavirus HH2F

FA] rotavirus® Chiarini

5(1983)] "ol whaba] wj
23 FFE 37°C viY71eNA 30 5"} 233}
AZIL, MA-104 A X2 ©&o] FAH 25 em? 27]9] T-
flaske= F8H M1992 28 AFste] mg] &A438A)7] B}
olg2E Hoi, 37°C Bi7|olM 1A B FEAZ F

mL% trypsin 1 ul7} 3-8 83 MI199E 3 mL 747]—

st flaskol) ¥l 5% F52 CO,Z FF3F 37°C vjer)
ol A djeFstTt. vt 5 dnjAEez MEHA FICPE

: Cytophatic Effectys #2Hs]lHA| /“ﬂ:}_‘ﬂ” anrl 94A
3] dojks o -80°C 2747 AL F5S 3H uhEal]
Hlo)|H g 83 3 -20°C i&o}ujﬁ AResl ).

Rotaviruse| 7124
Rotavirus®] G 7HEA-& Ruggeri®t Greenberg(1991)
Kaljot 5(1988)2] ¥Hol| me} 3h3tHrt. nlo]2)2e mL
2 0.2% trypsin 5 uLE 7kt 37°C 7ol 30i27F
%Hﬁwﬂ T B2EH MI1992 10'o)4] 109714 34351y
, MA-104 M| 2] o] FAE 6 well plate= F-33
M199i 29 AlF T Mg nlolel2s A& ZF wellef] 0.5mL
2 o] 5% FE9 CO,E S 37°C vidr|lA] 1A1E
o FFAZY. 2 o 1.1% agarose(Seakem ME
agarose; FMC Corp)E 83IA1A 28] 5] MI99E 1:1=2
431 37°CE ol S o 2 wellell Folle vlolei2E
gIlo g A A $ agarose?t H7IE BiA] 4 mLY FF
3] 37°C Hld7)olA 63t w3t vl §F neutral
red(GIBCO, USAYE F-83 M199¢} 1:200.8 348 the
ImLA 7} wellel] o 7)ol A TA7E B A5}
plaque forming unit(PFUYE A|5=3}3T}.

Anti-rotavirus &2}
Anti-rotavirus &3+ MTT(3-(4,5-dimethyl-2-thiazolyl)-

Strains of rotavirus Host species G serotype P serotype Source
KU Human Gl P1A Sapporo Univ., Japan
S2 Human G2 PIB Sapporo Univ., Japan
YO Human G3 P1A Sapporo Univ., Japan
K-21 Human Gl P1A Cha et al. (1999)
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2,5-diphenyl-2H-tetrazolium bromide) assay(Weber et al,
2003) HHH-S -85l MA-104 AEE 96-well plate®] z}
welloll 200 uLA ¥l 59 F2F vidstar siEE vio|e
25 100 pLoll 0.2%-trypsin 1 pLE ¥ F 37°C wjd7)
oA 308 B¢ A3 O™ 025 pule trypsino] 7}
M199 30 mLg FHlsle] &gt nlolgl2 300 pL
wo] A6 o)L}, 96-well plate 4 MA-104
A E L ﬂzo] PAE Axe T84 MI199Z 2H AlHst
Al Hlo]#2E 100 pLA 2+ wellell 2T}, olm 1/3%-
et *J%‘rulﬁ A&Hoz 27 s|MqHo R gAsto, z}
o] e Agln] 50 pLE Blolg]2 100 pLoll 53k
FHEET 13%-1/384%) § 5% =2 COZ 533 37°C
HjE7 ol 24417 wjekslitt. FEE M2l welld 0.2%-
MTTE 50 uLA7Ret. H =94 E50F ¥ 5% F

9] COE &FF3 37°C uF7|ollA 4AZE = l/\lzi\:‘r 4
A7t AA 5 formazan®] HAET, *}% 18 A AS|,
DMSO 150 uLE A7kt & 71Al XEste] Ze A
o] AAA <] formazans -S3)AIFH T} FormazanO] 2713
23| =™ ELISA plate reader(Model: EL311, Bio-TEK
Instruments, USA)E 570 nmol|A] &3 (optical density)
2 =350 A Ale] RV 2 AR ETE FguA

X mlru wal

S. aureus 305

i

H7VEA] 2 rotavirusol] ZFFE Al ET3 rotaviruss
A7VeHA] 2 B v MET ODALE 7o
sto] A FEE 74 AET oD vt
JA&S AA3IAT

J%ﬁ m"%‘j% 0|83k A8n] =E2E2] S aureus 305,
L. monocytogenes ATCC 19114, E. coli O157:H7 ATCC
428948} E. coli 055° gt ¥t EF= Table 20 e}
Nt 2 A3} Staphylococcus aureus 305(18 mm), L.
monocytogenes ATCC 19114(20 mm), E. coli 0O55(13
mm)ol 4} inhibition zone®] VAR S E coli O157:
H7 ATCC 428949l inhibition zone®| ¥AJ=A] 2Fth
(Fig. 1, Table 2).

Rotaviruse| &7} &3

Ao AFRHE rotaviruse] G7HE KUE 2.8x107 PFU/
mL, S2& 2.6x10’ PFU/mL, YO 1.8x107 PFU/mL, K-21
£ 1.8x107 PFU/MLE 72 vehd, dAT 8-S 43171

L. monogytogenes ATCC 19114

E.colif O157:H7 ATCC 42894

Fig. 1. Antibacterial effects of Phellinus linteus mushroom rice against pathogens by cup test.
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Table 2. Antibacterial effects of Phellinus linteus mushroom
rice against pathogens by cup test

Pathogens Inhibition zone (mm)
S. aureus 305 18
L. monogytogenes ATCC 19114 20
E. coli O157:H7 ATCC 42894 13
E. coli 055 -

3 slRAel Beg 2E Aow yehgtt.

KU &l x| S2t

Agn) 2220 oy KUY ME 7249 oA ad=
Table 37} Fig. 20 WYeRHA). Kudl digh 48] 5
2o 744 A aF3E M = 559 153%Y 9
90.52+18.42%% 714 =/ VeI, 1/12%, 1/48%%} 1/
192%Y W) AE 7+ A &= ZH 77.97£12.53%,
18.29+11.94%9} 9.45+16.85%% VEltom, 713 ve 5
=91 1/384%0 4 71 Bh& 10.40+7.63%] AIZ 7E o
A A2 Uehlo] 48n FE2E9 FEU) WolEdsE

rotavirus 2rd oA EHE PoldS & 4 ATt

S2 Y x| &2t

g FEE0] T2y 20 AT 7Y 9A anS
Table 49} Fig. 3o JERAQITE S20) thgh Astv] &5

o] 7+ AAEHE 1/48% LD 124%NA 2+ 0.64+
9.63%, 20.27+2.23%% 7 AAl&o] Rekort 1/12%, 1/
6%, 1/3%AAE 242} 86.58+19.30%, 96.72£6.57%, 94.74%
8.68%2] w9 =& JA|&-S HIh

A3l 22529 =i Yoo AX 729 oA s
Table 59} Fig. 4°] VAT Yoo Wik A& &

B9 7 oA AdE P w2 =] 13%Y W
59.77+8.68%2 7} =A JERGIL, 1/12%, 1/48%S}; 1/
192%2 of AT 729 A ai3= 22} 55.17+19.30%,
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Fig. 2. Inhibitiory effect of Phellinus linteus mushroom rice on

the infection of KU in MA-104 cell.
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Fig. 3. Inhibitiory effect of Phellinus linteus mushroom rice on
the infection of S2 in MA-104 cell.
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Table 3. Inhibitiory effect of Phellinus linteus mushroom rice on the infection of KU in MA-104 cell

Phellinus linteus mushroom rice concentration (%)

1/384 1/192 1/96 1/24 1/12 1/6 1/3
Inhibition rate 10.40 9.45 21.75 18.29 28.35 77.97 87.70 90.52
(%) +7.63 +16.85 +19.92 +11.94 +7.80 =12.53 +15.19 +18.42

Table 4. Inhibitiory effect of Phellinus linteus mushroom rice on the infection of S2 in MA-104 cell

Phellinus linteus mushroom rice concentration (%)

1/384 1/192 1/96 1/24 1/12 1/6 1/3
Inhibition rate -0.77 -4.85 -0.38 20.27 86.58 96.72 94.74
(%) +10.65 +7.99 +10.91 +9.63 +2.23 +19.30 +6.57 +8.68
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Table 5. Inhibitiory effect of Phellinus linteus mushroom rice on the infection of Human rotavirus YO in MA-104 cell

Phellinus linteus mushroom rice concentration (%) -

1/384 1/192 1/96 1/48 1/24 1/12 1/6 173
Inhibition rate 9.10 6.38 11.26 14.18 18.98 55.17 59.57 59.77
(%) +10.65 +7.99 £10.91 +9.63 £2.23 +19.30 +6.57 £8.68

Table 6. Inhibitiory effect of Phellinus linteus mushroom rice on the infection of human rotavirus K-21 in MA-104 cell

Phellinus linteus mushroom rice concentration (%)

1/384 1/192 1/96 1/24 1/12 1/6 1/3

Inhibitionrate ~ 10.98 28.18 28,37 36,32 48,31 51,95 75,60 97.56

(%) +7.92 +12.00 +9.93 £11.61 +8.30 +8.40 +10.07 £12.50

100 .9_ Q‘F

. 2 ATolNE AR0) FEBS olgsel BUY AF
1:‘5 50 = (S, aureus 305, L. monocytogenes ATCC 19114, E.
= coli 0157:H7 ATCC 42894, E. coli 055)°l thet 3o &}
;Cff % 9} human rotavirus(KU, $2, YO, K-21)oll t3t A&z}
E B Yokuy] e SRR, 1B e 2ot
7 "HAENAH S aweus 3055 18 mm, L

1/384 1/192 1/96 1/48 1/24 1/12 1/6 1/3
Concentration (%)

Fig. 4 Inhibitiory effect of Phellinus linteus mushroom rice on
the infection of YO in MA-104 cell.
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Fig. 5. Inhibitiory effect of Phellinus linteus mushroom rice on
the infection of K-21 in MA-104 cell,
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