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Development of Functional Food Materials from Acanthopanax
senticosus—Fermented Mushroom Mycelia

Ju-Hyun ChoT, Goo—Hee Choi, In-Jae Park, Soon-Ok Baik, Hyung-Ha Kim, and Choong-Sik Kim
Hurum Central Research Institute Co., Ltd., Chungbuk 363-883, Korea

ABSTRACT Three mushroom mycelia, Ganoderma lucidum, Hericium erinaceum, and Phellinus linteus, were sepa-
rately diluted with the natural culture media Acanthopanax senticosus. Solid-state fermentation was used to produce
three different 4. senticosus-fermented mushroom mycelium groups: G. lucidum mycelia, H. erinaceum mycelia, and
P. linteus mycelia. The resulting mycelia were analyzed to assess their efficacies as health functional foods. Optimized
fermentation conditions were determined by considering the density and growth speed of mycelia in each A4. sentico-
sus-fermented mushroom mycelium group. The cultured mushroom mycelia under the optimized conditions were ex-
tracted using water and 70% ethanol. Extraction was followed by filtration, concentration and freeze-drying to produce
extract powder of A. senticosus-fermented mushroom mycelia: Water extracts (FM-5111, FM-5121, and FM-5131)
and 70% ethanol extracts (FM-5112, FM-5122, and FM-5132). Analysis of extract powder of 4. senticosus-fermented
mushroom mycelia was performed using the maker compounds eleutheroside B and eleutheroside E. Analysis of B-glucan
contents was performed by enzymatic procedures.
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Table 1. The mixing ratios of Acanthopanax senticosus stem
and leaves (natural culture media)

Condition Stem (%) Leaves (%)
1 100 0
2 80 20
3 60 60
4 40 60
5 0 100
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Table 2. Classifications of Acanthopanax senticosus, extracts of Acanthopanax senticosus-fermented mushroom mycelium

Samplesl) Stem : Leaves Incubation (mycelia) Extract solvent
1 NRI-W 80:20 - Water
2 NR2-W 50:50 - Water
3 NRI1-E 80:20 - 70% ethanol
4 NR2-E 50:50 - 70% ethanol
5 FM-5111 80:20 Ganoderma lucidum Water
6 FM-5121 50:50 Hericium erinaceum Water
7 FM-5131 50:50 Phellnus linteus Water
8 FM-5112 80:20 Ganoderma lucidum 70% ethanol
9 FM-5122 50:50 Hericium erinaceum 70% ethanol
10 FM-5132 50:50 Phellnus linteus 70% ethanol

1)NRl-W, NR2-W: water extracts of Acanthopanax senticosus, NR1-E, NR2-E: 70% ethanol extracts of Acanthopanax senticosus,
FM-5111: water extracts of Acanthopanax senticosus-fermented Ganoderma lucidum, FM-5121: water extracts of Acanthopanax
senticosus-fermented Hericium erinaceum, FM-5131: water extracts of Acanthopanax senticosus-fermented Phellnus linteus,
FM-5112: 70% ethanol extracts of Acanthopanax senticosus-fermented Ganoderma lucidum, FM-5122: 70% ethanol extracts of
Acanthopanax senticosus-fermented Hericium erinaceum, FM-5132: 70% ethanol extracts of Acanthopanax senticosus-fermented

Phellnus linteus.
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Table 3. Mycelium density by mixing condition in culture tubes
(column, ¢ 35 mm)

Myecelial density

Condition G. lucidum" H. erinaceum® P. linteusd”
100:0 Yy (YY) Y
80:20 eccee (YY) YY)
60:40 (YY) XYY) YY)
40:60 (YY) XYY) YY)
0:100 eeoe YY) YY)

e —~eee0e: Degree of mycelium density.

l)zélcanthopanax senticosus-fermented Ganoderma lucidum: in-
cubatlon for 14 days.

 Acanthopanax senticosus-fermented Hericium erinaceum: in-
cubatlon for 40 days.

Acanthopanax senticosus-fermented Phellnus linteus: incubation
for 30 days.
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(¢) Acanthopanax senticosus-fermented Phellnus linteus

Fig. 2. Acanthopanax senticosus-fermented mushroom mycelium by mixing ratios.

Table 4. Mycelium density by mixing condition in culture pot
(¢ 60 mm, 500 mL)

Mycelial density

Condition G. lucidum"  H. erinaceum®  P. linteusd’
100:0 (YYs YY) Yy
80:20 Xy e000 eee0
60:40 0000 eoooe YY)
40:60 0000 eoooe YY)
0:100 (YYs e000 eee0

e —~eee0e: Degree of mycelium density.

1)Acanthopanax senticosus-fermented Ganoderma lucidum: in-
cubation for 14 days.

2)Acanthopana"x senticosus-fermented Hericium erinaceum: in-
cubation for 40 days.

3)Acanthopomax senticosus-fermented Phellnus linteus: incubation
for 30 days.

gl go] 714 $4agon gL oz 60:40, 40:60 o
o FAE AL
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40:609] E3H] Aol A 71 -eklon, o R =
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A7) W& AE A (column, ¢35 mm)I A& vjUSE
E(#60 mm, 500 mL)E |43t A< dA el gt 7A}
A AE E 2AEE 43 Ay, 47ke] mAFA ] 3
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Table 5. Mycelial density by period of fermentation in culture
pot ($ 180 mm, 2,000 mL)
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Table 6. Yields in extracts of Acanthopanax senticosus-fer-
mented mushroom mycelium (through freeze drying)

Period of Mycelial density
fermentation
(day) G. lucidum" H. erinaceum® P. linteusd”
5 ° - -

10 (YY) ° °

14(15) (XYY} ° ')
20 o0 YY)
25 (YY) XYY
30 LYY Y Ly
35 LYY Y]
40 XYY Y]

e —eee0e: Decgree of mycelium density, eeeee: Maximum
density.

I)Acanthopanax senticosus-fermented Ganoderma lucidum.
Acanthopanax senticosus-fermented Hericium erinaceum.
Acanthopanax senticosus-fermented Phellnus linteus.

3k 7EA 7k B A (F1A) Q)R E FHWA FAA)
£ 80:209] E3HIES AAIG o, g oAl
A AL 50:50 EGH)ES AAsI

727t HATRALN HEE B

ZEA 87k o] A A=A H A E v &S EUE 3l
Atd stol] &80 7heg viFEE(S 180 mm, 2,000 mL)
oA 3% WARte] miF7| e e TRA ke WAL ALA
g Eo W% 58 HESY Table 59 YERISI T o
AR JAAE HES 7Moot E3hA A 4
=80:20)¢] 7% 14‘%}7& HOkO}Oﬂ'O— o 7—1”\}«] Ag gz
T QlojA 7Hd -rdk AE Ao, R oAl
7 JAHA-L 50:50 %%L N2 A 242 4043} 30L& Hl
oS o 53 dEES AATHFig. 3, Table 5).

ANV F719) & zhzte] mAEALA el 2w

( b ) Acanthopanax senticosus - fermented
Hericium erinaceun

( @ ) Acanthopanax senticosus- fermented
Ganoderma fucidumn

Sample name" Extract solvent Extract yield (%)

FM-5111 Water 13.30+3.1?
FM-5121 Water 25.08+3.2%
FM-5131 Water 17.91+2.8°
FM-5112 70% ethanol 14.98+3.3¢
FM-5122 70% ethanol 21.8242.6°
FM-5132 70% ethanol 17.21x2.4%

USee the legend of Table 2.
*Values with different superscripts within the same column (a-e)
are significantly different (P<0.05).

of utA &g Abg3sle] dojHl A ety BHEES 23}
70% oNE&S o] g3to] F&, %% %@Zﬂ&% A A 3o
doj 45 z

% TEES B33, FM-5121%
17

25.08+£3. 2%9} 21.82+£2.6%

7} 7}
2 AFFENM U B F5EL wolw YTk FM-
51317 FM-51329] +5&2 7H7} 17.91£2.8%%} 17.21
£24%% D5FET 0% ATHEFFNN FAH FEE
2 wol, Mk MAA BEEY FEEES F5E

ufol] wep F zpolE HolA Ut
7 7tE| HAZALY S E AR X|B2ME e M
7IN 27k D& ¢ eleutheroside B¢ eleutheroside E
o] S SAS A= Table 73 2t =719k <19] wigt
o] 80:2091 wWigEol A 50:50 WigE R} ¥& FHFS o
Pl om 7hA @7k A 2] FEE el whel 70% ol '
SFEE) EFFEERY 52 S Hole S
st Jwa 5(28)2 ZI o Ho9ld @& eleu-
theroside &% &4 Al 71>HE>8 o2 A 7174

W2 e YEaL, Jwa 5(29)2 HAFERAN AR

( C ) Acanthopanax senticosus - fermented
Phelinus finteus

Fig. 3. Acanthopanax senticosus-
fermented mushroom mycelium
incubated at the optimized mix-
ing ratios.



Table 7. Contents of eleutheroside in Acanthopanax senticosus
and extracts of Acanthopanax senticosus-fermented mushroom
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Table 8. Contents of glucan in Acanthopanax senticosus and
extracts of Acanthopanax senticosus-fermented mushroom my-

mycelium (unit: mg/g) celium (unit: %, w/w)

Sample” Eleutheroside Sample”  Total-Glucan  Alpha-Glucan  Beta-Glucan
B E Control 54.62 0.13 54.49+0.21

NR1-W 3.345+0.042 3.22240.415% NRI-W 7.38 0.55 6.83+0.11%%
NR2-W 1.507+0.052" 1.394+0.03° NR2-W 6.49 0.63 5.86+0.37°
NRI1-E 3.356+0.124° 3.386+0.307° NRI1-E 7.83 0.58 7.25+0.09"
NR2-E 1.547+0.041° 1.408+0.021° NR2-E 6.48 0.50 5.98+0.18°
FM-5111 0.050+0.003° 0.064+0.011" FM-5111 4.96 0.49 4.47+0.14°
FM-5121 0.067+0.001¢ 0.047+0.0062 FM-5121 3.99 0.58 3.4140.158
FM-5131 0.028+0.001" 0.07420.064° FM-5131 4.70 0.55 4.15+0.06°F
FM-5112 0.038+0.0028 0.09120.012° FM-5112 5.68 0.50 5.18+0.36"
FM-5122 0.0900.005° 0.028+0.023" FM-5122 423 0.49 3.74+0.40°
FM-5132 0.041=0.001" 0.10240.025° FM-5132 4.85 0.48 4.37+0.32°

"See the legend of Table 2.
?Values with different superscripts within the same column (a-h)
are significantly different (P<0.05).

L < 557t =555 eleuthero-
side®] F&o] 7ttt Hastgitt. o9 “FZW}Z]i 7}
AL 7H] &A= E717F AR eleutheroside A #°]
wol grEol AL & HA A 70% M-SR FET Al
57} eleutheroside 49| &o] FolA= AL A
F At A %S| A eleutheroside BE =FFwo]
WA AR B EE FEE<9 FM-5121(0.067£0.001 mg/
)7} FM-5122(0.090£0.005 mg/g), eleutheroside E&
AEHAFAA] HaE FEFEQ FM-5131(0.074£0.064
me/g)7F FM-5132(0.102+0.025 mg/g)7} 7H4 A =4
EH o, 7PN 7 Y] A& 9 NR1-EolA eleuthero-
side B9} eleutheroside E2] g&Fo] =4 54 E S &<l
e g ATk HEg HAFAAE R B wEelE o eleu-
theroside B&= FM-512294], eleutheroside E== FM-
513204 714 =4 540 & A B2l Ahn &
(30)& 7 7tH e FFolE o] &g HaENA poly-
phenol &S S43I%S W YEo] 4.11%0|03 HaE
o] A9 1.41~2.30%= wolxthiL Histe] B I} 7
< AgFE YEHA. ol PAES o) &g HaAdS
A XM A polyphenoliF¢] eleutheroside B¢} eleuthero-
side E¢] Adito] Ay Ao dH)

S 77t 9E9 B-glucan TES ST A=
Table 87 Zth. 7FA 2719 Z7]¢F Ao wign]Eo] 80:20
?] NR1-W(6.83+0.11%)¢} NR1-E(7.25£0.09%)7} 50:
5021 NR2-W(5.86+0.37%)9} NR2-E(5.98+0.18%)}X.t}
A S8EHAT ol& T8t wiEn &AM =719 FiE
o] Bl &m F= A 70% NEEFEENA B-glucan §

Z4o] He RS glstglon 7ix e ta] WAl
Z2AAE 3.41-5.18%°) S HAlow g%
0% et FEEAA & ¥ & §%& Yehl=
g BT,

B-Glucan &% =3 eleutheroside®} o] Y& v

oY & o1 ol
e ol O
S Mg
- —1)1 é

USee the legend of Table 2.
Values with different superscripts within the same column (a-g)
are significantly different (P<0.05).

WX 2 7V8) (Acanthopanax senticosus)® A3} 715 H
AEA 2 FFr A= FAHA, =R Po|HAa L A
SN FAA S 47 A zH oz waste] 359 7HA L
ZH-HAREEQD THA7H] AAHATAA LEE, 7}

A7 g ol AAA BEE, ThA 2ot 43
AT HEES 2508 oF 107 4F 4z
A olgstad ek $HH o2 FE AGust 1A
& e gl MAFAA 7hA ksl o] At
AzA AAEHPA &S AR A3 FAWNAFAA, =T
RO MATAA L FFHAT AN 7 2sbe) E719}

|
Qlo] Eghn| &S 77 80:20, 50:50, 50:50L.2 73]
om, o] 2E ZHAAL AFYE vl FEE(2,000 mL)el A €]
HAWFAIS AES A AR TAA 144, 25T
WOl HATALA 40, FFH A LA 309 = ﬁa a3t
d719F ol HAshE xo® wigyE 3T A7ty
Hiﬁ&f\}iﬂ BEEES B3 70% SR 35 o1 F
Faste] 7HA o HAFALA HEaE 5
A E(FM-5111, FM-5121, FM-5131) %
70% S EHLFEHE(FM-5112, FM-5122, FM-5132)& ¢
o}, o] 7IA Q7] MAFAN] L EE FEEH] eleu-
theroside B¢} eleutheroside ES #413F A3}, eleuthero-
side B& FM-5111 0.050+0.003 mg/g, FM-5121 0.067
+0.001 mg/g, FM-5131 0.026%+0.001 mg/g, FM-5112
0.038%0.002 mg/g, FM-5122 0.053+0.005 mg/g, FM-
5132 0.025+0.001 mg/g?] dr=2 YeRN AL, eleuthero—
side E= FM-5111 0.052+0.014 mg/g, FM-5121 0.047

oy m
b
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+0.003 mg/g, FM-5131 0.078+0.003 mg/g, FM-5112
0.045+0.002 mg/g, FM-5122 0.040£0.002 mg/g, FM-
5132 0.080+0.011 mg/g®] &S Bl oW, B-glucan
o] A9 FM-5111 4.47£0.14%, FM-5121 3.41+0.15%,
FM-5131 4.15%+0.06%, FM-5112 5.18+0.36%, FM-5122
3.74£0.40%, FM-5132 4.37+£0.32%2] &=Fo] SH =S
t}.

LAtel 2
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