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Utilization of Opuntia ficus-indica as a Substrate for the Growth of Mushroom Mycelia and the
Functional Properties of its Culture Extracts. Sang-Wook Moon', Soo-Yeong Park, Soo-Youn Choi,
Joon-Ho Hwang, Mi-Kyoung Jang, Yeong-Jun Jin, Wan-Seok Chung and Se-Jae Kim®*. 'Fermentech. Co.
Ltd., Department of Life Science and Technology Innovation Center for Life Science, Cheju National University,
Ara-1, Jejusi, Jeju 690-756, Korea — This study was performed to know the potentialities of the fruits
of Opuntia ficus-indica, as a medium for mushroom mycelial culture. Five mushroom mycelial (Agrocus
blazei, Grifola frondosa, Hericium erinaceum, Innonotus obliquus, Phellinus linteus) were grown on the malt
extract broth (MEB) and the cactus broth medium (CB). The submerged culture mixtures were ex-
tracted using equal volume of ethyl acetate, and their extract yields, total polyphenol contents, and
some physiological activities were compared with each other. Each extract from mycelial culture
grown on CB medium showed remarkable enhancement in physiological activities compared with
each counterpart grown on MEB. Among five mycelial cultures grown on CB medium, the extract
yield and polyphenyl content were highest in the extract from Grifola frondosa (extract yield, 0.4 g/L
and polyphenol content, 22.7%). Also, the extracts from Grifola frondosa showed the highest physio-
logical activities, such as DPPH radical scavenging (ICsp = 362.9 pg/ml), xanthine oxidase inhibition
(about 80% at 500 ug/ml), and superoxide radical scavenging (about 80% at 500 yg/ml), and NO pro-
duction inhibition (ICs = 43.1 ug/ml) in LPS-stimulated RAW 264.7 cells. This result suggests that
the fruit of Opuntia ficus-indica can be used as a culture medium for improving the functional proper-

ties of various mushroom mycelia.
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Xanthine/xanthine oxidaseo] 23} uric acid 43432 290
nmol| X $7+E FFEE FH3YT superoxided] %L ni-
troblue tetrazolium (NBT) S¢vbol o A3 rH5].
oyl 59 AEY 05 mM xanthine#?} 1 mM EDTAE
3H#-31 200 mM phosphate buffer (pH 7.5) 0.1 ml ¥+ o|
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HFE 39tk Superoxide 24842 A7) ¥h3dd 0.5 mM
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RAW2647 ME& 10% FBSE $Hrgh DMEM H]x|ol A
Wkl NO A4Ee fEd7] gaiA A E(1L0x10°
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pg/mh)E  FAlel  Aste] 24AZF Ft wjdstoh
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ol B¢ MEE sAE AASGT MIT S o3
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(Staphylococcus aurens KCTC1927, Bacillus subtilis KCTC1023)
#} Gram A M 3% (Vibrio parahaemolyticus KCTC2471,
Escherichia  coli KCTC1042,  Salmonelln  typhimurium
KCTC2514) & AHgstg Tt T o) w2 d3ol met, V. par-
ahaemolyticusi= marine broth$} marine agar (Difco, USA)E
A8t 30CAA, 2 99 FF = nutrient brothe} nu-
trient agar (Difco, USA)E AME-3te 37Cdl A, B. subtilise
30CoM 2tz wjFstieh. 242k Brothol A & 2442t u
%3l &, agar wiA|o] @& =35 paper disc (Advantec,
8 mm)Z LHANA ANE(50 mg/mhE 50 p1¥ #7324
Azt ) okste] Asl g (clear zone)o] FF(mm)O.E it &
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cells/ml)= 10% FBSE i3 RPMI 1640 v z|ofl A 443t
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o} 7)ol MTT (Sigma) 100 pg& H7bska 3417 5k w3t
%, 39 formazan I HE-E DMSO (Sigma) 0.15 mlE 3
7tated %BH/‘]{] T 540 nmofl A EFEE 2Astd AE
2 JA &S AEsh 1Y MIEANE fr & o
3}7) el HL-60 A E(25x10° cells/ml)oj A DNA
3}e] 1.5% agarose geloll A1 308 F<¢F 100 V2 A7)
DNA ©H3} 48 #astdth Axde geje
9] H33342 (Sigma)E 7iste] 37TolA 3087 BH
CoolSNAP-Pro color digital cameraz} 228 3
A #EHA AMEF7] BHE AT AEe
PBSZ AjHs}x 20Tl A 70% fe&E 30E 52
71 The PBSZ A H35e] RNase AZ Ha)sigch 1d &
propidium iodide (PI, Sigma)Z ¢23lo} Flow Cytometer
(FACS Calibur. BD Bioscience. USA)Z #24J38}59t}.

>

m[ru e
Mr M

oR
1‘)’ _84 E _L>1'., O_u

off
-

o
ol ot
=

ol ©
s
P

ori
et
=

Of¢
haad

Zu g n@

A ZAINQ F&2 $21 & EClHE S

A9 o 2wl x) (Cactus Broth; CB)9} Malt Extract
Broth (MEB) sl Aol A s k3t HAITALA] EFES o do}
HHER F&3to] de £33 &9 F&(total extract yield)
T %‘E]-‘iﬂa v:} %8 Table 19 L}F/]'LH Atk MEB nj Aol A
HAFAAE sl FPE ul, NE W S (Agaricus blazei)o] &
037 g/ho] 71 E9kx, =F-F olw A (Hericium erina-
ceum), 43 X (Phellinus linteus), QAW A(Grifola frondosa),
27V A (Innonotus obliquus) 52 vlw & & 48016 ~

0.09 g/h& T QA A A, FAHA B4}

Journal of Life Science 2006, Vol. 16. No. 3 479

Table 1. The yields and total polyphenol contents of ethyl
acetate extracts from various mycelial culture
mixtures grown on Malt Extract Broth (MEB) and
Cactus Broth (CB) medium

Extracts yield (g/1) Crude polyphenol

Mycelium concentration (%)
MEB CB MEB CB
Agaricus blazei 037 0.16 472 11.70
Grifola frondosa 0.09 0.40 3.88 22.75
Hericium erinaceum  0.16 018 5.65 1114
Innonotus obliguus ~ 0.09 0.21 1.34 14.85
Phellinus linteus 0.10 0.29 4.37 17.67
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Fig. 1. DPPH radical scavenging activities of the ethyl acetate
extracts from various mycelial cultures grown on Malt
Extract Broth (MEB) and Cactus Broth (CB) medium.
Each value represents the meantSD of triplicate
measurements.

ojul Al FAH F%E & superoxide anion A4 QA EA 0
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. Xanthine oxidase inhibitory activities of the ethyl acetate
extracts from various mycelial cultures grown on Malt
Extract Broth (MEB) and Cactus Broth (CB) medium at
concentration of 500 pg/ml. Each bar represents the
meanSD of triplicate measurements. Uric acid,
inhibition (%) on uric acid generation by xanthine
oxidase; Superoxide, inhibition (%) on superoxide
generation by xanthine oxidase.
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Table 2. Anti-inflammatory activities of ethyl acetate extracts from various mycelial culture mixtures grown on Malt Extract Broth
(MEB) and Cactus Broth (CB) medium in LPS-stimulated RAW264.7 cells

Inhibitory activity Cytotoxicity S
Mycelium on NO production (ICso=yg/ml’) (TCso= pg/ml?) Selectivity index (TCso/1C5)

MEB CB MEB CB MEB CB
Agaricus blazei 791.1+9.6 99.9+5.6 >1000 1159.5+56.3 >1.3 116
Grifola frondosa 482.3+4.6 438+2.1 >1000 302.6+10.5 >21 6.9
Hericium erinaceum 425.8+9.2 77.1+3.5 >1000 905.4+42.3 >2.3 11.7
Innonotus obliquus >1000 72.2+5.4 >1000 812.6+33.6 - 11.3
Phellinus linteus 341.7+3.5 492426 >1000 716.5£20.6 >2.9 14.6

Each data value is the mean=SD of triplicate measurements. ICsy, concentration indicated 50% inhibitory activity; TCso,
concentration indicated 50% cytotoxicity.

Table 3. Antimicrobial activities of ethyl acetate extracts from various mycelial culture mixtures grown on Malt Extract Broth (MEB)

and Cactus Broth (CB

) medium

Clear zone on plate (mm)

Mycelium St E ¢ V.p S a B.s
MEB CB MEB CB MEB CB MEB CB MEB CB
Agaricus blazei + + - 10 12 12 - + + 11.5
Grifola frondosa + 11.5 - 11 - 14 - 15 - 14
Hericium erinaceum - + - 10 + 14 - 14 + 12
Innonotus obliquus - + - 10 - 12.5 - 12.5 + 12
Phellinus linteus - 10.5 - 105 + 13 - 13 - 1

S. t: Salmonella typhimurium, E. c: Escherichia coil,

B. s: Bacillus subtilis

+: < 9 mm, - : none

o gy
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H) 1 )
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Ayt Zi"fs}%l‘:}. 23} CB iAo A wfj kgt HATA
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‘45}‘4}5\’1‘4(1"%19 3). 53], CB v Aol A ujgd AWA T
A 2558 BAME Gram S4T(S. typhimurium, E. coli,
V. parahaemolyticus}) 2 Gram %310 (S. aureus, B. subtilis) &
SolA 71 £& FFEAL UBT, EHRA0% 9
ot 2719 $282 AgaN FREHE 22 P vl 3
t817]. ¥ A7 &ntg AARE WYr1ER Aty
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HAMAZY 88 7hs4E AA T st

HL-60 MEQ H% Xsf o
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A e gFE HATAA FE2EE At 4 AZAT o

V. p: Vibro parahaemolyticus;

Al £35S Table 40 EAI3}ATE MEB | o)l A] uf kst o
A T F2ES HL60 AZo A3td 55 g&FHo
2 AEZFAE dARYD. o8 Ade dRE9 AT
HgE Baug dAse Aot
[13,17,18,28]. &1} WA FA}A S CB iAol A wjokst H
R 328 MEBIA vjdd A vud o JEF
2 AA &} 14u)o)X 3.6 wi7tA] F7stArH(Table 4).
olg|d &4 T Ade YAHAERS3 WP AHAB6
v FAHA AN 7H FsEd
HL-60 Al LA #2E AEF
o] #EAS DNA ©H3 FAL
MEBS} CB six|ollA ujfst RE WA FAMA FE=
DNA g3 @48 et v, CB wjA]o A ujgg HA
TAA EFES A2 48 TolM 84 A9 DNA &
Hs A4S 32 4 YAHFg 3). £, = JEHY
AEZ2 a7} F53 AN (Grifola frondosa) 35S
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$ A3}, sub-Gl hypodiploid MZ7} Z71E02 AlE3 9
€% A4 s #EHAYFig 4). £ 97 AP wATFAA
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Table 4. The cell (HL-60) growth inhibitory effects of ethyl acetate extracts from various mycelial culture mixtures grown on Malt

Extract Broth (MEB) and Cactus Broth (CB) medium

Growth inhibitory activity(%)

Mycelium 125 pg/ml 250 pg/ml 500 ug/ml

MEB CB MEB B MEB CB
Agaricus blazei 463124 79.8+0.9 51.246.0 82,8412 69.6+0.6 86.621.1
Grifola frondosa 28.7+11.7 652+1.1 56.5+6.8 79.3+1.0 68.5+7.1 80.5+0.7
Hericium erinaceum 442461 80.2+0.4 53194 81.0+1.6 64.3x2.5 85.6+0.1
Innonotus obliquus 19.1:8.5 70.1+0.2 30.0£5.5 83.8£0.9 43.9+4.8 84.8+25
Phellinus linteus 52.7+3.9 77101 64.2+5.9 80.3+1.1 68.7+0.3 85.7+0.5

Each data value is the mean+SD of triplicate measurements.
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o o) e n2
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ox; M

(A) Cactus Broth
M 1 2

3 4 5 6M

(B) Malt Extract Broth
M 1 2 3 4 5 6 M

Fig. 3. DNA fragmentation by the ethyl acetate extracts from
various mycelial cultures grown on Malt Extract Broth
(MEB) and Cactus Broth (CB) medium in HL-60 cells.
Lane M : 100 bp DNA ladder size maker, Lane 1 :
control, Lane 2 : Agaricus blazei, Lane 3 : Grifola
frondosa, Lane 4 : Hericium erinaceum, Lane 5 :
Innonotus obliquus, Lane 6 : Phellinus linteus.
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Fig. 4. The degree of apoptosis is represented as the DNA
content measured by flow cytometric analysis (left
panel) and the photographs (right panel) showing cells
with highly condensed nuclei stained with Hoechest
33342. The HL-60 cells (2.5x10° cells/ml) were treated
with 125 pg/ml of the ethyl acetate extracts from
Grifola frondosa culture grown on CB medium for 48
hours. A: Control, B: Grifola frondosa extract.
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