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Abstract

The purpose of this study was to investigate the effect of the extracts with

different solvents and autolysis treatment of mycelia of medicinal mushroom (P.

cinnabarinus, G. lucidum, A. camphorate and C. cinereus ) on ACE inhibitory activity

and expected to develop a new healthy food for regulating blood pressure. The

mycelia were produced by submerged cultures or solid-state fermentation using

different substrate. Based on the results, when cold water was used for extraction,

higher ACE inhibitor activities were obtained, which were 69.4% ~ 57.2% ~ 26.8% and

15.2% for P. cinnabarinus, G. lucidum, A. camphorate and C. cinereus, respectively.

Moreover, the ICs values were determined as 2.45 ~ 4.13 ~ 9.28 and 13.5 mg/ml. The

maximum ACE inhibitor activity was obtained when the mycelium was extracted

using water. The ethanol extract showed no ACE inhibitor activity. Pearl barley, oats

and buckwheat were used as substrate for solid-state fermentation. When pearl barley

was used as a substrate, the mycelium extracts of P. cinnabarinus, A. camphorate and

G. lucidum had the higher inhibitor activity, however oats was a more suitable

substrate for the culture of C. cinereus.. Concerning the autolysis of P. cinnabarinus ,

the optimum condition was determined to be a temperature equal to 50°C and pH 4.

When commercial proteases (papain, bromelain and alcalas) were employed for the

mycelia hydrolysis of P. cinnabrinusn, alcalase was demonstrated to achieve the
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highest ACE inhibitor activity of 82.3%.

Key words: mycelium of mushrooms - antihypertension ~ ACE inhibitor ~ P.

cinnabrinus
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Ao f o LRALIAD HE - aFN o MR EPN G ER
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Ao dgEEF 3F 5 A B M S A e § pER (polysaccharide )~ = 47 (triterpenoids ) ~

—
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% 2-1 5z 4m@E¥ % d AL (Shiao, 2003)

Biological activity Type of compound
Antitumor activities Polysaccharides and triterpenoids
Hypoglycemic activity Polysaccharides
Immunomodulation and stimulation Polysaccharides of cytokine production
Immunomodulation Protein (LZ-8)
Cytotoxicity to hepatoma cells Triterpenoids
Hepato-protection Triterpenoids
Inhibition of histamine release Triterpenoids
Inhibition of cholesterol synthesis Triterpenoids
Inhibition of protein farnesylation (Ras) Triterpenoids
Stimulation of platelet aggregation Triterpenoids
Inhibition of platelet aggregation Adenosine/ Triterpenoids
Anti-HIV activity Triterpenoids

Induction of apoptosis Triterpenoids
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S R IEA R - R R B i B R R aar g o
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2-3-1 3 & Benz &

e h rd e s (World Health Organization , WHO)#7 2 i » & & B h T &

¥ E AT %5 /R (systolic blood pressure, SBP )% »* & 2 %> 140 mmHg 17 2 4%
3k /& (diastolic blood pressure, DBP )% *t &« & ** 90 mmHg -

TRATRET > e BAE Y EFFP FrikF (120/ 80 mmHg 4 b)) &
AOBEERTAZFLRIEF L P RIFRSF LR o BRI RDE G
G4 o Pl AWBARS £ BLR 8- K §RFL A R 120 5] 139
mmHg ™ % 473 & 80 ¥| 89 mmHg < & 7 3 = B+ ¥ (prehypertension)(L »

2010) -
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2020 A EAF L R EEAFEE (35 2010)

o R AR < 4g/& (SBP) ¢+ B (DBP)

e O3 <120 mmHg <80 mmHg

(Normal)

B oo R Hp <140 mmHg <90 mmHg
( Prehypertension)

® o B
R 140-159 mmHg 90-99 mmHg
E ) 160-179 mmHg 100-109 mmHg
) =180 mmHg =110 mmHg

2-3-2 B i B erfEAE

B BeuEA A R¥ A 5 A R4 E o B (primary hypertension) £ 4§ 3
128 n /B (secondary hypertension)e & % 4.8 n B* ¥ f 5 & f& 3] F n K (essential
hypertension ) - 4z iF 90%51&?’{ TR R o P w4 sl BB i TR
Flo - BPFTREAEYRIRDF M PR HpREREL CEFR
EFL BT CWEEE RS % (Yoshii etal., 2001 ; 2 »2010) -

FEEE BTG F AT RTINS A FE > AR ZREF Ao
THRAFBTERPFE -TREAFTERI) P LARLSREY - LFRPEF R
B REEFF S BRE IR L BRILEFARTAL Ok R LR AR

X w BT ARG D -
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2-3-3 B x BRaHEEF Z (0K

Py 1’(%{5@%{{@%&53 H 4v 20 mmHg  £73& B # 3§ 4. 10 mmHg > f&
BT g d b a4 a 2 (415 2010) o ZH EPlE B LI B LB
R R E G SHPFREFF AR REEFFFES 2 Ko LR ET A

BRI R IR
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3
e
-%..
3
=3
(ﬂn
;\“J
A
LS

¥

G

7

gy ok

BEE B RE EEE A EER LR R

%23 A EAGES N LI A E & & (Silvaetal., 2006)

Main Lifestyle Modifications

- Lose weight if overweight

- Limit alcohol in intake

- Increase aerobic physical activity

- Reduce sodium intake to no more than 100 mmol per day

- Maintain adequate intake of dietary calcium and magnesium for general health

- Stop smoking

- Reduce intake of dietary saturated fat and cholesterol for over cardiovascular

health
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By ek

SIS TR TRET-I LY T ERY SN P R Y. S X

}]35!{1»;:.??‘)]% o ZLEL A A ¥ w B 10 mmHg > & 5 7 <3t 20

mmHg » |~ 2 4 "‘ﬁ?%‘ﬁ&ﬁ%%-@%#ié’% (i > 2010) ° ¥ R enB 5 BREL

-

(1)

(2)

(3)

(4)

y
A

T3 (4 02004)
F1 A (diuretics) @ 1% RIL 5 I TR SRR E - Rk ? 4 - 4
B 2R A ArR D o R T AE A E TR S 3 A M s M 4
B RERRS R ERER
LR EFeGIA I RILLE MR BT RFRACE A R P

B"L‘v]’(éf'ﬁ;‘)\g\‘.ﬁi RO L R TR AR R g v]zé{ﬁ;‘% I # =

4r 3+ H 4@ (calcium channel blockers) : & Frdl4fd+ i » n T
U L B i R ro % I /ﬁ»umf\ 36 B% 1L 0 ? JE4 o st T 5,4;,];@_\,;;.@‘
ReE g e o

w F ¥k # i pF 40 # (angiotensin converting enzyme inhibitor,
ACEIL) : ACEI ¥ #r|n ¥ ”]{‘Fﬁ“,? #itpr (ACE) #-x ¢ ﬂ(‘%‘ﬂ‘% [ # % 5
w B fedg R I Zdrdld & 2 ek (bradykinin) - @@ > o F ki
B4 T Ramk o SHOBE A R Y S EF ud B LA

R ER T o
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(5) = v](;{ﬁ% % BiEFuE| (angiotensin II receptor blocker, ARBs) : ARBs
1 EHL pledEE L2 AT XA 2 RSP RREY 26 L8 § T
g 1 “Fh 3 cnd SRAARTE 7 o doid § fokf ~ FERI A o~ AR A

;‘é.ﬁ—_ﬁgén_‘gﬁ o%ljf't’i% ;;gg:g ‘75{%3: o
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2-4 5 B fe¥gk & 1 pr(angiotensin converting enzyme, ACE)
2-4-1 ﬁ fi

Angiotensin converting enzyme (ACE ; peptidyl-dipeptidase A ; EC 3.4.15.1)*%
1950 & % ¢ #pd Skeggs & + #r M > B o+ £ 5 140-160 kDa» 5 - a4 £ %
¥-v [fi% % (zinc metallopeptidase) » i %ﬁ d 3+ k@2 Fiv(Lietal,2004) - 2 B

A A ABET 2% O U Bh S B ek R LR

[
i

G TR B ) L e (s R T ) B

2-4-2 5 -n B >]fc?:f‘ﬁ-,% -B% A fr % 3 (Renin-angiotensin-aldosterone
system, RAAS)

RAAS ERIp A & BRenE £ k32 — > § o BEMS g £ F ToyEd
(1T 557k o 7e (juxtaglomerular cell) ¢ 4% % (renin) - H 7% F 3F5¢
TA A hi TR R (angiotensinogen ) # % % 7 & /540 d L Bl s e S
S F VIJ:‘FF--,% I (angiotensinI) » s £ %%'d ACE ei®* » #-f Ao F v]«:‘{ﬁ% I
v C Ay His-Leu 7% @ R % 5o ¢ VIJ:‘FF",% II (angiotensin II) - & ¢ 1z
Sk 11§ R g Tdg s Tl T UL B pEFIA (aldosterone) «ig = 22 3
MAEE L B BT Bk T o B a B A o ACE 4 g (t% 30

(bradykinin ) + - #-H C k=4 < Phe-Arg *» %7 ¢ 2. % % (Silvaetal.,, 2006) -
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10 11

vasodilation,

Asp-Arg-Val-Tyr-Lle-His-Pro-Phe-His-Leu + Val-Lle-His-R natriuresis
|

angiotensinogen
renin jl

Asp-Arg-Val-Tyr-Lle-His-Pro-Phe - His-Leu

T

prostaglandins

T

Arg-Pro—-Pro-Gly-Phe-Ser-Pro + Phe-Arg

angiotensin | bradykinin
l < ‘ ACE —> l
Asp-Arg-Val--Tyr-Lle-His-Pro-Phe Inactive Kinins
angiotensin ll
Vascular smooth Ald ostleron
muscle contraction secretion
l l R = remainder of protein
Increased Increased
peripheral extracellular
resistance fluid volume

N /

HYPERTENSION

Bl 2-1 B ko FfCERE PR LAY b F R pF L it £ (Silvaet

al., 2006 )

19



2-5 & ¢ v]t.%f‘ﬁ-,% & i g=r4)& (Angiotensin converting enzyme
inhibitor, ACEI )
2-5-1 ACE engr4| 7 12

ACE d B @1y #FM > v 3 BELF AEDEY ) > ~ w7
% N-domain £ C-domain- i&a BEMEFEE F S BAPR D 5w a5 7 A 57
ot s § #7424 (Corvoletal., 1995) o i3 1 ACEL ¢ 2o ¥ i
WA Afed $agengk L 4 > ¥ 4 ACE il fr vt & icdf R 1ot
04 35 p & ACE enig & R fi2 Tl 7 2xchd 4 Frd|iv% - 25 ACE #v
Tk oA R G hk FEEHEE A R 9TA 4 chiesddrs Hak
52 % 2-14 BOREF - Cheung %% 1980 & $Hipaf PR angF (£ 50k WLl enfy
foEIABER:

1. ACE #r#]strxenzi =8 (C-terminal ) "k k£ ot Frd]3 22 ACE BEiT?

\4
X

i (active site) g & b4 o & 5 Fr] ACE 72 Px 2 R sheniefl ey 5 >
A % vl i (aromatic amino acid ) £ &7 *<f& #f (imino acid) £ proline o
2. ¥ @ (N-terminal)) & & B M hE B3 A L dacnp KR - 4pF = o

4 N-terminal % proline » R~ @ € & /&L L o
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2-5-2 Rl b E

ACEI p &3 bt ¢ B - 3% 575 B4 ACEL ens 21 8§ - ACEI

TS AL SIS ER T E R RASR RGP &P ACEL: # (F Y
'fr’ﬁal g BIIE® o 10T ghiE - ﬁ“;‘FTi' FAERLPp
L. ®f

ACEI p 1977 # captopril (Capoten®) 4 B &1 %5 » 1 4 ¢ § = + & 5
g > mEgFAE N ACELS 5+ F 4 K'/f‘ T S E o Reyap b o i R
HMER VR H & o % B (congestive heart failure, CHF ) &2 & Moyl &
( Post-myocardial infarction, Post-MI) {& » " i<7-= F » BB R B 6 4 F |4
Feoman™ B (F - 1998)
(1) Captopril-like : 4= * £ 2L 5 FM AP d R EBH LA N2 ES S

Captopril » A Z 4 22 (N 3pd 0 o d T g 4 > 5 &S 408 B 1 éh ACEI

P
e

(2) 2A5%% (prodrug) :ie#fen®fd >0 &5 5 i P Sjc? i > @ Tk
BT efig i A8 0 B o en ACE e8] 2 it 2 8 & 3 % Enalapril -
PRE S R R S RS A I R T

w41 (Guthrie, 1993) -

(3) ka1 ACEL: #F AL 5 FH > G 8- H P BhEAE - < 3nad T)

TR P D 0 A fenad A > M4 & L Lisinopril (Arzubiaga,
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—HBIRL O EAFESFEHAMAL D LA iR TR AR
BE S FRITRERNE S XRG4 ¢ B ACEI (Choietal., 2000) -
(1) &4 Xk
a. PH Fb DEEERI P 975G 105% 0 Fo s L Atk R T
58 pEd-o (glycoportein) » igd F-o F & £ ¢ F-v (ovalbumin) -
18 4% 3¢ (conalbumin) -~ “P#FAEF-¢ (ovomucoid) & > H ¢ “ro F
BOGLET B PR R Bod BEIEY SR R I AR A PRl B TR
BB IR B RGBT AR % e (25 2008) o
b. f& 39 (casein) : Bellamy % 4 (1993) #-trypsin 'K f#ft F-v 2_-KfE$ >
HEBI VL RIERBLBRPHHF PIRT 10g/ 2= FFHR™ 4% >
BT 7 R R 44 2 6.6mmHg 0 A § B L B R F e peid 5 o

c. &1

7

[ 3ﬁ (bovine plasma) 4 ®] 12 20%3% 60%2 fi it K e
? {575k 39 (globulin) ¥ v 3¢ (albumin) > £ ™1 & &30 f=-KfZE >

H ¥ 12 alcalase "k f2 v F-v cidrd] ACE 2% &4+ (IC50=0.56 mg/ml) -

1@ AR B A Y K fEs (MW cut-off 10000, 3000, 1000)  ICso
i# 3 0.12 mg/ml (Hyun and Shin, 2000) -

d. A p 39 RS T AP T G0 PAoRfRITY 20 ) FELS 0 1L JRHERE S
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(2)

&% 8 @ 4% o B < & (spontaneously hypertensive rats, SHR ) » a4k & 3
TS & R TT O 2% B 5 P & (Ukedaetal., 1992) - Astawan & % (1995)
A 7 dv 15%% 25%¢ NaCl =73 7 4 > B = & & 52 0 5548 pepsin 'K f£ {8
B 74 25% hNaCl 3 ACE $r3]oc % fds o ¥ ¢b > ¢ 3 3 B 0 14 e
o g Bl s R 6B Y hig e

R B0 R 2 B0 AT R HE R FEE T B0 fER AR 0 8 ACE
FoRE e dlsk o B ICso 8 A W 5 450 2 453 pg/ml> e dF % 5 o
Frgir st e N K #p 4k d SHR £ F P B & B>c% (Fujita et al.,
2000) -

B kiR

BAE AR F(wakame)p § 15%hd-v B0 AL R R Y fhd

o BRAKEFPS B ACE Fril B 8 g o Barck » T80 3

{8 194 PX(Tyr-His, Phe-Tyr or Ile-Tyr) i* & & = {5 > ©2 10 mg/day/kg 73| &
55 %4 F A& e SHR- 2 SPB %™ *f 40~ 45 mmHg> DPBm T *% ¥ 20~ 30
mmHg (Suetsuna et al., 2004) -

S EHv HELAEB RS A7 v Fps (alcalase ~ flavourzyme ~

trypsin ~ chymotrypsin ~ pepsin ) -k f#{¢ » 12 alcalase 7 ACE #r#]x % & % >
£ 2 10 kDa BB ki > 2 ICso ¢ 0.688 ' 1 0.078 mg

protein/ml ( Chiang et al., 2005) -
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A 1 Choi % 4 (2000)/4_10 f67 I G5 F MEBF 9 » GF T R
+ ACE ¥l 14 » # ¢ 12 Grifola frondosa (% 4)2 4 -k 5P~ 4 2 % &
+ (58.7%) » ICso i# i 0.95 mg/ml » Liu % 4 (2007)* #95 4 #5722 H fi
FEER L ACE #rd ] FRFGF R 7 B F P Prd R R
% (IC50=0.175mg/ml) > 4 & SHR {s e BT "0 % & foid » & v iTi
Pl E FiEa iy - 3w o

T AMA kY (a-zein) *H A LK%y ¥ 3 &4 > 12 thermolysin -k
319 5] 14 48 ACEI > 4 12 Leu-Arg-Pro (# ICs % 027 M) ;i SHR

pF o> i B ¥ ' 15 mmHg (Miyoshi etal., 1991)
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B2 RmHREA

3-1 9 5 Hk

AFT 3 AR~ B % Pycnoporus cinnabarinus BCRC36234 ~ Antrodia

camphorate BCRC35396 ~ Ganoderma lucidum BCRC36123 ~ Coprinus cinereus

BCRC36099 » 4 B & 51 % 4 B2

S

S e F RGP

32 REHEL

"R LR * ik
Glucose FEiL g
Corn starch p i
Yeast extract Difco
Potato dextrose agar Difco
Peptone Difco
Malt extract MERCK
Sucrose SHOWA
Potassium dihydrogen phosphate (KH,POy) SHOWA
Ammonium sulfate ((NH4),SO4) SHOWA
Sodium hydroxide (NaOH) SHOWA

25




Maguesium sulfate (MgSO4 - 7H,0)

ma i g

Angiotensin converting enzyme (ACE, from Sigma
rabbit lung)

Hippuryl-L-histidyl-L-leucine (HHL) Sigma
Hippruic acid (HA) Sigma
Trifluoroacetic acid (TFA) Sigma
Sodium tetraborate Sigma
Sodium dodecyl sulfate (SDS) Sigma

/3 -mercaptoethanol Sigma
Papain &40
Bromelain EEA
O-phthaldehyde (OPA) Low it a1 ¥
& % i= (pearl barley ) SE A&
% % i= (buckwheat) SE A&
# %4 (oat) PR
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33 RHERELERA

REKA 35 ekt

pH meter Cyberscan pH510 % B EUTHCH
Ak Bt GENESYS UV10 % B Thermo
AR KR Simplicity % B Millipore
B PR AP K AT R HP1100 % B Agilent
TR AR C-MAG HS7 L IKA
BRI AL HI-340 =R

& TS JW-4N o
WERIW MSI minishaker L IKA
nHNETREE LUS-150 o R B

AR BT R AR 0SI-500 AR

S A5 CT-110 2+ ¢ HETO
B2z B PASCAL 2010 C1 i# ® ALCATEL

CRLE AR Universal-32R 44 B Hettich

g A MCD-2000 44 B Hettich

m e 32 s PT-MR2100 4 KINEMATICA
B E AL Luna C18 % B Phenomenex
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34 rRAES
34-1 e Tgrii

F B~ &2~ $JF ¢ Potato Dextrose Agar (PDA) 3.9 %

H-2_  Malt extract 2 % ~ Glucose 2 % ~ Peptone 2 % ~ Agar 2 %

34-2 AL

s (o0 2006)

2 3-1 RERAANRESARALE

B LR feat b

Glucose 2%

Yeast extract 0.3 %

NH4H,PO4 0.134 %
K>,HPO4 0.05 %
KH,PO4 0.05 %
MgSO4 0.05 %

¥ % 1 25C ~ pH7 ~ 100 rpm

P
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@ = (Ohtakara et al, 1986 )

BELH KRR
Sucrose 4%
Peptone 2%

Yeast extract 1 %

KH,PO4 0.5 %

MgSO, - TH,O 0.05 %

BAER 30C ~ pH5.5 100 rpm

% 33 AR FiR i % e (Ohtakaraetal, 1986)

Br LR TR
Glucose 2%
Peptone 3%
Yeast extract 0.5 %
(NH4)2SO4 1%
KH,PO4 0.5 %
MgSO;4 - 7H,0O 0.05 %

3% % 1 30°C ~ pH 5.5~ 100 rpm
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% And (4 2006)

BELH KRR
Glucose 20.0 %
Yeast extract 3.0%
KH,PO4 1.0 %
MgSO, - 7TH,O 0.5%

¥ & 130C ~pH4 -~ 100 rpm

35 By dAes (F52001)
+ 7

B LA oAt

Glucose 2%
Malt extract 2%

Peptone 0.1 %

B %5 1 25C ~ pHS ~ 100 rpm

B&E LR R
Corn starch 4.78 %
YM Broth 3.19%

¥ % 5 1 25°C ~ pH 5.54 ~ 100 rpm
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3-5 & 45 2
3-5-1 pH ehip] %

¢ * SUNTEX pH meter i} %_-

it .’:’:);ffj%fé }?:] SRE L F F 2 ﬁ/@f&ﬁﬁ/]@i Kf]?}ﬁ—yn’? ) T ﬂz‘ﬂ@/ﬁ&lfr rﬂ];] 5

rE B g - PR 60T RPN B Wi RIEE E

lf“tﬂ

3-5-3 BERBELR

Polml 22 35 ok R BfF @ e ik 4o~ 1 ml 2 DNS 34 ¢ 100°C ™
FR10A4> F RSAEELLID 2E > Z3AE 540 nm Bl E H S iE - B
RRER R & G N-¢ fid § %o

DNS 3874 -

3, 5-Dinitrosalicyclic acid 10 g/L

Potassium sodium tartrate 300 g/L

NaOH 16 g/L

354 M FrEd ARl

Polml 2 it » Iml 28T FEdr (1%BEST Fi301M



A4 Y o pH45) o 35 407 ~ 120 mpm T £ fis 30 A 48 0 2 154 9000 rpm
A g s ml 2+ ke » 1 ml e DNS 324 % 100CT £ i 10 4 4 >
FlelgdisFH 482 2 o L& 540 nm T R[H s jgig > 3B I F B i

BRBRCE o TEWACT > FLEV AL lymole R 2 E 5 - B

2 EME > (U)

3-5-5 #4255 €% (Churchetal., 1983)
"2 o -Phthaldialehyde /% /% P] T4k &7 93P 7 £ B~ 50 1 ek SR R F

EF S o g 2mlhOPA B » AR A 15 FR 2 L ALk

R 3HRIE L 340 nm T e i -

OPA 3 i e % -

100 mM Sodium tetraborate 25 ml
20 % Sodium dodecyl sulfate (SDS) 2.5ml
OPA (40 mg =7 OPA /3" 1 ml 97 f%) 1 ml

/3 -mercaptoethanol 100 w1
¥titERR L35 P4k T £ T 50ml

3-5-6 = ¥ *]fc?n”ﬁ',% AU VP et

P BB B vuar R 4P & +7 R (High performance liquid chromatography,
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HPLC)iR| % x ¢ ”]{‘FFT% f#ivfx (ACE) #rd|&2 E1 -
(1) BlzhE
12 5 Cushman and Cheung (1971) e ip| € = ;2 2 HHL (Hippuryl-L-
histidyl-L-leucine) i* & ACE ¢ht J » = f ie* {5 ¢ & 4 § fipk (Hippuric acid)
@rgeiris (HL) - ¢ %1% 5 ACE Fripldilis t o RIM-§ & 2 e i p¥ % ACE
2 AR E o Tl HA 0 HL - 4 end 3 8356 > « 50 1% HPLC il %
k& 228 nm T 0 ACE #F4&| % 7 hem S HA Y E RPN 4 2§80 > UL

15 ACE $r#1%12 i 2 -

H,C CH

HSCYCH
C

HN S
RN
Hippuryl-L-histidyl-L-leucme Hippuric acid Histidyl-Leucie
(HHL) (HA) (HL)

(2) Bl=>iZ

# ACE 7 % 0.1M erw2fz4h (NaBsO; - 10H,0) 3 3% # (pH 83> P 7
% 04 M ¢ NaCl)» )k B 5 60 mU/mle#HHL 3>t 4p e 7 ? kR 5 SmM>
SEFRENACT AR R

B 90 yl e HHL B 10 pl 6 5305 8 £ 15 » 48 & 4 37°C I8 k
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TR S A 2 (iR 4er 30 ul ehACE B 0 7 4 37C ki T F i 30 A
o F S R 130 pl JE R % 0.1 % TFA ( Trifluoroacetic acid) 7% i ¥ 1-
ACE » & -

Percent activity of inhibition (%) = (A—B) /A x 100%

A= R4t &2 HA LM 3 &

B= 4k &2 HA HE B R
(3) Broivptpkr2 Adrixid

HPLC 4 4% % # * Wu and Ding (2002) 2 A 4765 « F s it * 2 & 43
5 Luna C18 (5 pum > 4x250mm) ; #&4p 5 " g 1 k=1:1(v/v> & z 0.1%

e TFA) 5 Jnig 0.8 ml/min ;5 @R & 228 nm 5 &l st 20 ¢l
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3-6 F&>ix
3-6-1 Fjfiss % & %
3-6-1-1 Al G @#F Fix
M KAWL REX 2R LG R A BB E Y o0
121C ~ 1.2kg/em® #5227 > R FEAF20 A4h e REFRSE 0 AREN AR

FREL N FRSIPRF YA R R AL WE P 0 EHT R ERD

e HpAFFTREFTEFAT Y ST Fi o B - P RE N TS
ARG EEAY BT FEPIEFRAEELE T BCHABTER > FRN

bl
%

L
PN

Lo

Bodl o g 4TIk R X B B

-—
[

3-6-1-2 FfET & 5 &

RA
B
x\v&
K

B A R AR R E R 2202 121C ~ 1.2kglem? iER T 5

REERE0 A SHRS RN EHR TN RRERG R B

B

PEHLRE RS TRk AL W B 0 M PRSI 22 %
BoaAG RE Y Y R FS O HB - fRENSY T e B E LAY 4 S

FHPDERAB AL 25T B ERRER TR RA

3-6-1-3 78 el &

AFSHABILE 31245 SR ERFR A A o B 250ml chz & 48755
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Mo~ 100 ml R R & A 0 4T 121°C ~ 1.2 kglem® 2T 5 0 #] %7 5 20
LA THRRFRAZRERAREVRAFRITFON S FHRLIT REL
Boo EBESZ TR A o AEEY B4 BE canpis (5 A S
0.5cmx05cm) » TRFLHIEN R - Ha F P HPEEAM LT v i

N i,%'\%a’%"il[%i»;ﬁ\n}:li—ri‘%{"%*fﬁ%ﬁﬁjﬁi%°

3-6-2 = AFgR AR A
AF BRI F 3-1-3 46 2% E A - R250ml eh= & 44A5FETPN 4~ 100
ml e fE 35 & A& 0 3% 121°C ~ 1.2 kg/em® #5145 R 4R ) 20 A 4B X H

FARS2ZREBRAAERFART P Aro FHRLIPI 2R BB R T A8

Pff ] 0 1R FIB S R E ST (11000 tpm) FTAE S 0 B2 5% (3010 %)

ERFAEEET 100ml R G A Aoz £480550 o FE e HEL
fris e r e NP ERBE R EBRAFLETES -

3-6-3 AR £

*F B W F = (pearl barley) ~ # % (oat) ~ & % (buckwheat) 3 ¥
G A ART o B lAg B E R T4 r 8 vk > 4 121 ~ 1.2 kglem? i
@®T o, '|~j~/‘rf\§‘]'§/ %ﬁzo ks /?‘%ﬁfl B E B_—];I%,F Lgr o FH LT FR

o M AT RS aEE o R FAESSF EHETH (11000 rpm) FAF S



3-6-4 i B el

B~ 20 g = Chitin powder 4r » 200 ml 7 12N HCI » 12 [ -k 4o £ en= 383 40
CTTHFL20 A i BB iE r SLAKE SRR EE W 4Tk FEIRE o
Wi bR E T TR s o 4 r SLACRI R B kY R 6
LR EAFS IR 23 501 > MpH A S T e 12 3000 rpm B 5 A 4B 1S T

B B ERAST PR SEB LY ACT B

3-6-5 H B R MB R TP L WH

Hejte B3 Y A SA 400 100 mesh cdF BB E 24T okGE 2 303
Koo Bk mATis E o, 50ml 2 EFFLR 0 BT 20°C T A g s A e ar e
I L -

B | g e 50 15 enF S A B4 ~ 100 ml £ S ok T R S o R A
T E B R E B L0 100°C T F s 150 A 44 KT R e iR F B % 4 30°C

120 rpm B F 5B~ 15 | pF o B 418 > 12 9000 rpm &g 10 2 45 > B~ 1 ml }

Firie ARk R Iml kg e

37



3-6-6 I 5 Ff .5 B 5 B4 2 L
WUARFMER A FREFREAT - B0 B0 SOCHAR 0 i
Bk g
Be 1 g bt &t » 10 ml ek ~ 7 82 fEA A0 % 30°C ~ 120 pm B F

P24 ] P oo EPAE R {8 0 12 6000 rpm Few 10 A 48 0 B~ 1ml et # nin%fﬁ ¥z

FEAFUMERS > L Iml Hrkw R g r o

3-6-7 % 2 E A Wi RS
(1) 2 F pH &

Bh o RF R EF R A 6 X F S 100 mesh éF i P11 0 4o »
100ml H pH A %] 5 3+4~5-6 03 k@ » B R FiE (s o0 @ 325§ (11000
rpm ) $7 B 5K 0 2 r 40C iRkt R E S 5 100rpm 0 i 7 F i 24 ] B o
F ek #1512 9000 rpm ges 10 A 4 > B8 b i R A ¢ o
(2) 2 k&

Bh o RFREFEE A 6 X F S 100 mesh éF i~ d) 0 4o »
100ml ~pH 3 3& 4 chd g3 k7 » L R it eng @ 32T (11000 rpm)
FrRLE SR 0 2 40°C ~ 50°C ~ 60°C iRk R #EF 5 100rpm v (7 F &

24 [ PF o F S 182 9000 rpm B 10 A4 0 BH R g o
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36-8 A RhFHEESFFFLAUAG

ek ot B BB R 5000 100 mesh chE R EIRP T Y 43S Rk
2% 3= 0 Mok A mizis 0 50 ml 2 gk SHEL? 0 B Y 20°C T4k fs i ik dg
R SRCE TS §E LN

B | g el 5o 15 S R 4 ~ 100 ml ehd BT oK 0 B ode ~ 1% R
72 0.1 NHClI % 0.INNaOH # 3 &g 973 2 pH» £ 4 BF BEAT » 3
FO1 246/ PPt o BRI ARIEY 10 AR AEE % % 0 £ 12 9000

pm e 10 4482 B R K

% 37 43 F R A% pH

% pH LR
Papain 6.2 50
Bromelain 6.0 45
Alcalase 7.5 55

39



Fri BRais

4-1 7% f& 3 f% F SRR3R 5 B4 3 ACE prd B 2 2 58

AFHET T BEEY GRS Lk Bk TR T
FE 5 Bers (v ACE #rdl Bl 0 A w5 A e fr i~ &2~ T & ipngg -

d Bl 4-1 7 & R Fs REP$ 5 BB 2 ACE #rdliE 5 69.4% »
B Sk e B e Ry > 50 Hdrdla S F 0N 3 B ] 4o @ 3 e
fpIH G oA AT A S0k AR Y (B 4-2) ~#H3 (B 4-3) &2awE (B
4-4) ERA AR AR APASME R 0 B ACE FrdliEtihod 0 4wl
57.2% ~ 26.8%%22 152% ; @ #-K &2 9 FE 5 B4 1 ACE Frd i 4P Ag i % > %

DT S s ST A N TS FXF RE R Far SR

> ;I%;f;_] NEFTFFM2 e BIBRS Y 3 4] ACE FE =~ 5 & o Morigiwa
ARG BN 1042 FdE o FIF 24 (ganoderic acid) 7 ACE
FralElte AR REFFHOS N2 A I EY GHFNE AR A 1S3
PG F R AETEE A EIF (F GRS E S ER o 20N
AP P EFHREFET A R RFAANMAACE Pl E P RELIF

TR PGB RS Ry - HATEH -



100 5
—O— peptide (mg/ml) L 4
80
S
2 - 3~
2 60 - £
o o
© E
5 2 g
S =
E 40 ~ g
L -1
)
<
20
- 0
0 T T T T

EtOH MeOH Water Hot water

B 4-1 7 F 4 R 3 F Sl 5 HACEFrl g 22 vk 7 £ enf

(1) A x A Glucose (2.0%) ~ Peptone (3.0%) ~ Yeast extract (0.5%) ~
(NH4)>SO4 (1.0%) ~ KHPO4 (0.5%) ~ MgSOy - 7H,0 (0.05%)
(2) #HE %

(3) B&

%ra
W
W
O
'®)
8.
4
e
-
=S
T
W
n
ﬁj’k
-
M

B s B lml 2 FBp 0 ic % M Iml vk w3z 58537

41



100 0.5
—O— peptide (mg/ml)

80 - 0.4
S
2 =
= i . S
g 60 T 0.3 E’
S g
E 40 + - 0.2 %
= o
L
O
< T

20 + - 0.1

o |
O T T T T OO
EtOH MeOH Water Hot water

Bl 42 7 &2 BRI PP 8 ACE $rd 8022 g 2 e 58

X 2 .
i%;ﬁtl’,}:.li .

(1) 7% A& Glucose (20%)~ Yeast extract (3.0%) ~ KH,PO4 (1.0%) ~MgSOy -

7H,0 (0.5%)
(2) £HES %

(3) 3 %R 30C  44spH4 124 7=

e PoIml 2 5P gh fackie £ 0 Iml vk w iz 2 3544 7%
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100 0.5
—O— peptide (mg/ml)

80 - - 0.4
S
2 =
= 60 L 0.3 %,
3 £
I3 ®
= 2
% 40 - 0.2 %
= Q
L
S -
<

20 A - 0.1

O §/ T T T OO
EtOH MeOH Water Hot water
Bl 4-3 7 b B2 A H A% F S E B4 4 ACE $rilid g2 iiek 3 £ enp 8

¥ % 4L Corn starch (4.78%) ~ YM Broth (3.19%)

(2) #FE: 10%

(3) %

%8 A 25°C > 4» 45 pH 5.54 -

B i P lml 2 3880 ficikis i

"l ml gk w iR

43

A& 28 %

- Ay o o
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60

50

40

30

20

ACE inhibitor activity (%)

10

3.0

| peptide (mg/ml) L o5

- - 2.0

_ - 1.5

_ _|_ - 1.0

_ - 0.5
T

T b T hd OO

EtOH MeOH Water Hot water

peptide (mg/ml)

Bl 4-4 7 o 3P g W pF R Si M 5 P 3 ACE P B ik i g 2 el 38

(2)

(3)

T B lml 2 3P 5h facfte £ 0 Iml kw3 2 354507

BAERE25C o A4 pHT > 124 7 =
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4-1-1 2 bR R 2 4 K555 ACE #ri|E 122 5

B4l FmeEET A RF L HZERFET LA RERF G R
% e ACE Frd|ia1bis » B2 L83 kR 2 4 KE B34 ACE #rd)E 2
Fod B 45 7o AhhFAREAR 084 1 7 mg/ml pIrdlELEE 2
76.4% > 10.5 mg/ml & Fr |5 A8t % > 7 i 80% 2 F > H ICso 5 2.54 mg/ml -
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