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Abstract

Obesity are defined as abnormal or excessive fat accumulation that
presents a risk to health, which are major risk factors for a number of chronic
diseases, including diabetes, cardiovascular diseases and cancer. Cordyceps
militaris (CM) is a well-known traditional medicine in Asian countries. It has
been known as a rich source of biologically active components and used for
treatment of several diseases such as anti-tumour, anti-diabetic, hypolipidemic
and antihepatotoxicity. Black rice (Oryza sativa L.) is a special cultivar of rice
that contains rich anthocyanins-in the aleurone layer, has been regarded as a
heath-promoting food in China and other Eastern. The aim of this study was to
investigate the general composition, physiologically active components and the
anti-obesity effects of Cordyceps militaris fruiting body (CMF), Cordyceps
militaris mycelia (CMM), black rice (BR) and Cordyceps militaris fermented
black rice (CB). CB was obtained from the solid state fermentation of cooked
rice with 50% moisture content as the base under various conditions. The
optimal growth conditions were temperature (25 °C), water supplementation
(60%), inoculation rate (4 mL), nitrogen source (1% soybean meal) and mineral
(0.05% MgSOs4 - 7H20). The major component found in CMF, CMM, BR and
CB was carbohydrate (79.05, 75.09, 53.3 and 51.62%). With regard to
physiologically active components, the contents of adenosine, cordycepin and
mannitol of CB (0.14, 0.04 and 3.45 mg/g) were lower than CMF (1.79, 6.71
and 13.64 mg/g) and CMM (4.14, 0.36 and 8.64 mg/g). With regard to
anti-adipogenesis effects in 3T3-L1 preadipocytes, the water extracts from
CMF, CMM, BR, CB (62.5-250 pg/mL) and the ethanol extracts from BR
(62.5-125 pg/mL) and CB (62.5-250 nug/mL) could significantly inhibit the

lipid accumulation. The glycerol release were significantly increased by ethanol



extracts from BR (125 ug/mL) and CB (62.5 and 250 pug/mL). With regard to
anti-obesity effects of 0.1% CM, 10% BR, 2% CBL and 10% CBH were
evaluated for 10 weeks on high-fat diet (HF) induced obese BALB/c mice
model. The results showed that administration of CM, BR, CBL and CBH
significantly reduced body weights (5.04%, 8.22%, 7.38% and 7.78%), body
fat ratio (2.44%, 2.96%, 2.37% and 2.78%), aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels compared to the HF group (p<0.05).
Histopathological analysis showed that the score of fatty liver in HF group (5.0)
was significantly higher than CM ~ CBL and CBH group (3.1, 2.1 and 3.6)
(p<0.05). In conclusion, Cordyceps militaris fermented black rice have better
physiologically active components compared with black rice. Furthemore, the
extracts of CB can inhibit the lipid accumulation in 3T3-L1 preadipocytes, and
the powder of CB can potentially prevent the effects of fat accumulation in

obese BALB/c mice.

Key words : Cordyceps militaris, black rice, solid-state fermentation, obesity,

3T3-L1, BALB/c mice
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Referred table 1. Definition of obesity.
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Referred table 2. The classification of BMI in WHO and Taiwan.

#Fw| (Classification) & 7 Fd B o 4% % (Taiwan)
(WHO)

### (underweight) <18.5 <185

&+ ¥ (normal range) 18.5-25 18.5-23.9

# £ (overweight) >25.0 24.0 - 26.9

#= B se % (obese class 1) 30.0-34.9 27.0-29.9

¥ B3k (obese class 1) 35.0-39.9 30.0-34.9

€ & % 3L (obese class 111) >40.0 >35.0
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Referred figure 1. Adipocyte hyperplasia and hypertrophy are responsible for

the increase of adipose tissue mass associated with-obesity.
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Referred table 3. Gene associated with Asian obesity.

One hundred forty-two selected single nucleotide polymorphisms (SNPs) of 32 human obesity candidate genes by chromosome location

Gene Flanking SNP SNPs associated  Extra
symbaol Gene 1D Location Gene name base pair  Exons  surrogaies’ with obesity” SNPs
ADIPOO 0370 3q27 Adiponectin 158,000 — 1 9 —
ADRA2AY 150 10g24-q26  Adrenergic, «-2A-receptor 3065 1 1 |
ADRB2 154 5g31-g32 Adrenergic, fi-3-, receplor, surface 2011 1 — 5 —
ADRB3 155 8pl2-pl1.2  Adrenergic, fi-3-, receptor 3669 2 — 2 —
CAPNIOY 11132 2q37.3 Calpain 10 30,971 4 2 —_ —_
CPE? 1363 4q32.3 Carboxypeptidase E 119,383 9 — 2 —
CYPIoAl 1588 15q21.1 Cytochrome P450, family 19, subfamily A, 129,126 10 —_ 1 1
polypeptide 1

DRD2’ 1813 11g23.2 Dopamine receptor D2 65,576 8 1 1 —_
ESRI” 2099 6g25.1 Estrogen receptor | 295,721 9 1 1 2
FABP2 2169 4q28-g31 Fatty acid binding protein 2 4913 4 — 2 —
Fro? T9068 lbgl2 Fat mass and obesity associated 4115000 9 1

GHRL® 51738 3p6-p25 Ghrelin SO0k 5 — 7 —
GNBZ 2784 12p13.31 Guanine nucleotide binding protein (G protein), 7183 11 — 1 5
HSDI1B1 3290 lg32.2 Hydroxysteroid 11-ff dehydrogenase | 48,746 7 1 —_ —
IL6 3569 Tpls3 Interleukin-6 4797 5 — 1 1
INS 3630 Ipl55 Insulin 1416 3 1 — 1
LDLR 3949 19p13.3 LDL receptor 44,359 18 3 — 1
LEP 3952 7q32.1-3 Leptin (obesity homolog, mouse) 16,351 3 5 10 —
LEFPR 3953 Ip31.3 Leptin receptor 214,793 20 3 4 —
LIPE 3991 19913.2 Lipase, hormone-sensitive 25913 10 1 1 1
MC4R 41600 18q21.32 Melanocortin 4 receptor 999 1 1 12 —
NPY 4852 Tplsl Neuropeptide Y 7669 4 1 2 e
NROB2 8431 Ip36.11 Nuclear receptor subfamily (0, group B, member 2 2482 2 — 5 —
NR3CI 2908 5p3l.3 Nuclear receptor subfamily 3 123,763 9 1 3 —
POMC? 5443 2p233 Pro-opiomelanocortin (adrenocorticotropin/ 76635 3 — 6 —

fi-lipotropin/e-melanocyte stimulating hormone/
fi-melanocyle stimulating

PPARy 5468 3p25.2 Peroxisome proliferative activated 146,424 7 1 5 —
PTPNI? 5770 20q13.13 Protein tyrosine phosphatase, nonreceptor type | 74,194 10 3

RETN' 56729 19p13.2 Resistin 13,000 4 — 5 —
TNF 7124 6p21.3 Tumor necrosis factor 2763 4 2 2 —
uvcer 7350 49311 Uncoupling protein | BO58 6 1 3 —_
uee2 7351 11g13.3 Uncoupling protein 2 8174 8 1 3 —
Uces 7352 11gl3.4 Uncoupling protein 3 8794 7 1 3 —
Total 28 100 13

! Defined as SNPs that are close to or are in linkage disequilibrium with non-SNP genetic markers significantly associated with obesity in previous studies.
“ Defined as SNPs reported to be significantly associated with obesity in previous studies,
" Additional gene associated with Asian obesity.

(Rankinen et al., 2006)



(2) PER 7 &
mhﬁﬁp i PER R R g pERRRS LT AR E TS
Bp R AR 2 B C AR ORA S S gt pER B¢
ARG A A AR A R G JH e hE i e 0§
Ry £ #P~EF| (Schmid et al., 2014) -

|k
7@,\«
ﬁ

@) &xa¥

ﬁ%mﬁ&ﬁn—%ﬁa+,gﬁﬂ%%$%~ﬁ%§ﬁﬁis
MR- SRR RRIESE L PR 0T 2 FIREEPE
@@ﬁﬁwwﬁﬁ’§$Mi§ﬁ%£¥:ﬁ%%%$%%ﬁﬁw%
#9177 '8 (Nicklas etal., 2001) -«

(=) wu;l;éL'rsl’,fLﬁ:)‘i:,

AL @ F L e et T A Rt et DI KRG 0 F
EEE NS R E- 2P Ak CREZ ) 2 B G2 w R 2o
T A% BHREE ~TAL% FERERF (Wi RS B PRERE A
H) 2 23% =k R s R B ALFIE E 2 9 Tl e (WHO, 2009)
A A ARTIFOT AR 102 #r o R A S S E Y o E R L R
T~ Fad B OROR AR BT R RE B B B A U
A B R NCFORE G TR R I N 00 8w n L qp B2 - 1245 Dixon
(2010) 7= 3 H#-9o 051 g8 dp BE B g 2 AP ¥ A & F IR doft & w fro7 0 A it
L
1. &7 (Cancer)

Tl 7 3 dg 10902 B E & W 4o Ko e & 5 (Calle et al., 2003) -
95 2012 & £ MR 7 7“7 (National cancer institute, NCI ) #f = #
mﬁwf'wwﬁ%§%~%%ﬁ‘%%ﬁ SE R RRE  BEE
Wk RS N TR SR T A



CNS inflammation
Dementia

Sleep apnea and hypoxia

Immune dysfunction
Thymic involution

Respiratory infection
H1N1 influenza

Septicemia .
Astri}ma Vaccination failure —»‘ | Atherosclerosis
Liver disease |/ Dyslipldomia
Fatty liver Diabetes, insulitis,
Cirrhosis pancreatitis
Adipose-tissue leukocytosis
Dysbiosis Inflammasome activation
Inflammed veins,
Cancer blood clots
Breast
gteirus Arthritis
olon
Esophagus
Pancreas
Kidney Insulin resistance
Prostate

4————— Gout

(Kanneganti and Dixit, 2012)
YRS~ M oEap B 20 B

Referred figure 2. Obesity-associated diseases linked to complications of the

immune system. CNS, central nervous system.
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M dew ~ MRS ARRE B R 2 AP EE A b R

Referred table 4. The relative risk of some of the comorbidities, conditions and

risks associated with obesity.

RS >0 8

¥R & 258

AAER % 1-2¢

ol

% = AR

s

ERE

i g & ¥ NS Y- 7R
R A pER E R P b §F R

. - P%);%,
I TN R
o A R Y
" P 5 e g i ¥ NI D
P igE N B B et (R E) 5 v
?E-,E“FE:H_FE] 35 AF- ﬁi‘» i3 o @/:-L
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2. N g (Metabolic syndrome)

ABPEEF L e a2 ¥ (dysglycemia) ~ § s & (hypertension) ~ 3
= #5 (Chypertriglycemia) ~ & % & 5 3¢ "2 ¥ (HDL-c) "% i< & ety g
Ak 2 Bfi (Eckel etal., 2005; Grundy, 2011) - #4530 B % i B ¥ 5B p 0
EERRRE TS RS EERE > RS FREE G T A2
b RHE PSR dER

(1) ° B A §MAE >90cm -~ 4+ >80cm

(2) 2 MERS 7L AEE >100mg/dL (PR* " & B E 5 K o)

B) = nimd 2= Y ¥ =150 mg/dL

(4) % %R 30 PEF KK T 4 <40 mg/dL - ~ |+ <50 mg/dL

(5) = BikhE TR >130 mmHg ~ 45 > 85 mmHg  (JR* 'R i R

F 4 F )

3. wi g P i ( Cardiovascular disease, CVD) % % = | W B fs (Type 2
diabetes mellitus )

Sk F AR AR BE FR A AR - o AR AR @
Foo R MR B B P R ST & iRk - & (Van Gaal
etal., 2006) - # % 4p ! <A PER 0~ ﬁk{iﬂgg TR Ak 2 ERENF R
PR ent It pedr > 2 B SROE R e AP MR o FI S M o070k g
F &80 £ oA ke At 7L 3% (Iribarren et al., 2006) -

Foob o seak e o R 2 PEARREL B 0 ERMP LG R AR
Mo LG R R e e B A 518 ¥ - A fup 2 2 F) (Eckel etal,
2011)  F7 5 BEoF 97L& S W U F]5 IL-6 ~ TNF-a2 IL-1B22 4 2 4B 1
]+ CCL2(chemokine (C-C motif) ligand 2 )~CCL5 2 CXCL5( chemokine

(C-X-C motif) ligand5) i * gﬁ.f‘:f'_.?j%‘ié_i B LR % EReFP AR
R A S R U P S L C R P R

Fopmz A2 (%®W=) (Yaoetal, 2014)-
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Calorie-dense food

M2 ATM
Ao — \. Hyp.ertrophic_ s/ M1 ATM
° adipocyte o

s DM2ATM
Lean adipose tissue

Obese adipose tissue
1 IL-6, T TNFa, T IL-1p
Systemic inflammation CCIL2, CCLS, CXCL5

Al L
Endothelial permeability, \2’ )o | Insulin secretion
&b »lﬂ

plaque development,

| Cholesterol metabolism,

atherosclerosis : Glucose uptake
1 glucose production, l e I')t >
: i . insulin resistan
insulin resistance S CHSIANCE
Cardiovascular disease Diabetes

(Yao et al., 2014)
GLERNEE SR V¥ RN B8 E Yl

Referred figure 3. Obesity contributes to development of diabetes and

cardiovascular disease.ATM-Adipose tissue macrophages
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4. ZEFpE 125 9% %% (non alcoholic fatty liver disease, NAFLD )

NAFLD &35 & B3~ cnfiin ™ 91 4 4 2 35t 0 § L 4 7wk
fralde o & FEFER g 0 }ga % ( hepatosteatosis ) ~ 2t iF#F 42 75 5 5%
(nonalcoholic steatohepatitis, NASH ) ~ #*+# i- (hepatic cirrhosis) % "4 ‘i
it (liver fibrosis) % (Lewis and Mohanty, 2010) - # 3 % ;= NAFLD = 3
RSt i E B F sk 2 - o AT g F kg B (Luthra et al,
2007)

5. % = & (Hypertension)

Bk R NORE N LB 2 - o ASFIIL G B R R A
% h R IRt & (leptin) = %5 8 % (adiponectin) z & 7 B
(Kurukulasuriya et al., 2011) ¢ # 3 dp &1 R 7 ¢ H2 85 [ geje» @ F
gk NN & i o O 4 % o B % (Kotsis et al., 2010) -

6. e ik ¥pom (Respiratory Diseases)

d SR IREg nd e ¢ if S HET ORI A 2 B4 0 RS IV
AR kB g G S e ek e B o i B2 - (Kopelman, 1992) - ¥
FAg 4 dV e sk pe & A pEm ek ez @ L (obstructive sleep apnea, OSA) % 37
Lk e il § 7 BUR 16 ¥ (obesity-hypoventilation syndrome, OHS ) 5 B o g
o AT dp ik g B e F e 2 L F g AR F i 2 & (Murugan and
Sharma, 2008) -

7. ¥ M & X (Osteoarthritis)

WEFLgrRMaSf /3 HHTHSLFLEF > agireie Tl
2 dwfe gk € 0t M & g (Mundermann et al., 2005) < 77 3 45 1 22 By 0
‘e Ap B 2 k%2 ik leptin ~ adiponectin 2 ¥4k (resistin) € 5144 B &

L2 A 4 B IR % (Sowers and Karvonen-Gutierrez, 2010) °
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=~ Py 55 BE
(=) #Hgswmieil
4 dp R E 22 (mesenchymal stemcell) 2 % p 4 &gk 7 i 52
(stromal cells) % ¥ 4L & = 7535 %2 (Pittenger et al., 1999; Taylor and
Jones, 1979) » ¥ A BBt AT K 2 P ikim e ERE N ARt o B 4o L g e B
7 #8419 4p iz (Green and Kehinde, 1979; Novikoff et al., 1980; Vannier et al.,
1985) » Flpt ¥ U * KR Ch3R & R HORR P P s 0t KR o
TR A R R s ¥ B alwe ik 5 p Swiss /] R
Ph B2 3T3-FA42A % 3T3-L1 (Green and Kehinde, 1976; Green and Meuth,
1974) -

(=) Fg%imbe 5

P ipimie ¢ A AFE B~ & B AJRpZE 84 (Ahima and Flier, 2000;
Gregoire, 2001; Havel, 2000) » H 7 & & 25 55 8 5 o Fp i W R R g 27 & 07
Feas s TafE (4T ) (Saelyetal,2012):

1. 9 4 *59sms (Whiteadipose tissue, WAT )
AR ARl VRFIEREEN G 2 W,
(TG) > 1 jF 3 g 3 hmre P X ik Py ipkm e 8 4 90% > & 1 *2 #L

FULT TR BRI~ RREET (44 2011)

né’”’?ﬁa

*ﬁ‘u

2. #%d fy9p e (Brown adipose tissue, BAT)

Hd g R R AEHNLAARBEFELE T ARLREY A
#°8 (Mattson, 2010)> 2 & & Gt W 0% BT 2 €145 % (&>
2011) -
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AT ~ v R RS Ay ’iﬁf@.@_f%‘zi%.iﬂtt

Referred table 5. Characteristics of white and brown fat.

¢ 4 539 1 gk

A d Py ip e B

5 LSS AdHEE
3 i R 2 5 - o MFMA R RS
He AR b A AR o
AR iT* F-9 Leptin UCP1 (uncoupling protein 1)
Myf5-negative = 5% ‘w7 (»
) o I E R ey
» Spin Myf5-negative =i 5% jm 7z Myf5-negative & ¢ #3 ¥ im
%)
LEACE F RS ERE CE RN A N P B i
2 B R 2 5 e 4
"EEFEWE AP RS2 &
HER2 BE Cia I e R e

16
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http://zh.wikipedia.org/zh-tw/%E7%B7%9A%E7%B2%92%E9%AB%94
http://zh.wikipedia.org/zh-tw/%E7%B7%9A%E7%B2%92%E9%AB%94

(2) #rgwimve s i i§fe
w#z & v (cell differentiation) 3 ‘w#e £ P4+ B Pris @ 5 2
AR F i 2 AR o W g R AL L R R R B 0 F S 5
%) (mitogenesis) 3 4: 3 £ & (confluent) Fgf > 2 18 € 3 Pl B 144
(contact inhibition) @ i% .t 3 78 » W3 4 £ 2 F (growth arrest) o gt pF
B AR Y o i SRS IR ML RO A CE A YL EE U 1
M e T+ Py a A0 d BAEERE R S FIE R D4 TG 0 4 o
PBARAE G P B A & = i (adipogenesis ) (Gregoire et al., 1998; Wu et al.,
1999) -
3T3-L1 w P2 kA 1“1 * 2 32 & % ¢ 4% methylisobutylxanthine
(MIX) - dexamethasone (DEX) % insulin® Z#&| > £ # MDI - MIX X
i Hﬁlﬁ” famapa = fin fr (CAMP-phosphodiesterase ) srdrd|#] » ¥ Fr4|cAMP
kf2 s DEX & & 2 A F# > ¥ fljhE AL fig2 (glucocorticoid ) 2_ 3t &, &
VERS T 0 5 1 2 A 1k 2 B F) & I > 4o C/EBPP ( CCAAT/enhancer-binding
protein B) ; Insulin ¥ %6 ] gcap % § 2 42 £ F]3 (insulin-like growth
factor-1, IGF-1) - ¢ w2 R TG M { Pad &4k 2 = #7575 e
(Cornelius et al., 1994; Smith et al., 1988) o # "3 5w ¥t 3] MDI 2% # 14
gREF A AR DNA @8 s Cip M @475 » e s &
it F# £~ (Cornelius et al., 1994) -

(2) %pmw% At iR AEss

ipmie 4 &R 2 EARY T S P 2 B 2 FRE S S F E BB
feit wre gk 5 5 Ak s o B A ES FlF R AT SR E S IR
Aipdk 1YY BRSSO AT E o Bl g lwmie 4 1 i AR

BE 4 B3t 3 T FleiE i 2 4 3L (Rosen et al., 2000) - 38 4% 7]+ 2. 7 c4p B
Ao BE 27 0 B R 4T
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very early early : intermediateI late
| 1
I 1 | ]

DNA
replication

cell
division

growth
arrest
Gp

c-myc
fat droplet
formation
LPL c-fos | _
adipocyte-specific
gene expression
cofun C/EBPS
} JL—
| —
confluence MIX commitment =1d
DEX
insulin

(Ntambi and Kim, 2000)

Rl ~ 3T3-L1 %3 9% e 2 4 it iF 42
Referred figure 4. Progression of 3T3-L1 preadipocyte differentiation.
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1. % 8854 &5 < 48 (Peroxisome proliferator-activated receptor,
PPAR )

ks

PPARZ +2 /7 i % # = % (nuclear hormone receptor) i 71| 2% >

gl é*‘SA

B Y - Pl 8RR BAE B X X4 (retinoid X receptor, RXR ) %
B A= 48 (heterodimers) fs 4 £ 3 o452 =14 (Brey et al., 2009) -
72 & 45 PPARa 2 Pl AN AR ESTE G 2 iy LR IF
B En BRI &2y AL o PPAR A B £ LTINS TR r%lg L
VA B v R # (B-oxidation pathway) » A4 2 i EF #HiE% Fle

* (Kerstenetal., 1999) - PPARy & %g e 8@ £ 3 &R A& W}téﬁsﬁ A %5
SRpinde 4 4 Az 3 B3P 7F]5 o (Rosen etal., 2002) » & PPAR 7% ¥ rit— ¥t
Fpipe s R g B— |4 (Bergerand Moller, 2002) » ¥ L fg BT £ T FA
F)2_ % 3R » 4rFABP ( fatty-acid binding protein ) % LPL ( lipoprotein lipase )
o mgrapEg s TG £ i 33w ¢ (Guan et al., 2002) -

2. CCAAT #i % =+ %€ #v (CCAAT/enhancer-binding protein, C/EBP )

C/EBP #2% ¢ 4& C/IEBPo ~ B% 8 i3 dk 1o =i 48  (basic leucine
zipper) R2% o ¥rrissimie 4 &2 E 2 B gkl (Farmer, 2006, Lane et al.,
1999) - C/[EBPB % & 24 v #p 238 2L ] > ¢ £ 9|4 it jp ¢ DEX &
MIX erfjgem & i o i a BE Pqipimiz ~ it (Caoetal., 1991) » /& it {2 ¢
flges iv ¢ Hp 35 % A& ) C/IEBPa & PPARy 2. 7% 120 & - 4 iiag & i+ (Tang
etal., 2003) - I+ = > C/EBPa & 4~ it {5 #p 2L %] aP2 (adipocyte protein 2) &2
GLUT4 (Glucose transporter type 4) z_ 4 & > 7= ¥ i#:& 4~ i* (Gregoire et
al., 1998)

3. MEmA K ZE %L Fv (Sterol regulatory element-binding protein-1,
SREBP-1)
SREBP-1* # ADD-1 (adipocyte determination and differentiation factor
1)» % bHLH-LZ (basic helix-loop-helix leucine zipper ) #2% 2. #4573 >

19



H ¢ ¢} SREBP-la ~ SREBP-1c # SREBP-2 % = #& > 5 "2 F|[if % SR 4
# F]2_ - (Yokoyama etal., 1993) » 1 & £ 334k d #p9s e @ (Tontonoz
etal., 1993) < # § #; &1 SREBP-1c 5 PPARy 2 P it fiedll » ¥ & i* PPARy
AR e A T ]t 0 A LR TEY T RGeS A & 4 iF Y (Fajas et

al., 1999) -

4. Krippel # # 4+ %]+ (Kruppel-like transcription factors, KLF )

KLF & &3 R @& £ 5]+ (Zinc finger like transcription factors) #2% >
pave 5 17fbarfitdd? g ¢ KLFA~KLF5 - KLF9 2 KLF15
¥ 25 % 3T3-L1 m%e A it «c KLF4 2 KLF5mRNA 2 & & simre 4 & &
nH g M HARE R FEAL G A A i kA 2 2 B (Birsoy et
al., 2008; Oishi et al.,; 2005) = KLF9 %2 KLF15 2. mRNA # & p|*t = 3lw
TSR A > Mk g B A 3]~ X (Mori et al., 2005; Pei et al., 2011) -
3 &+ KLF5 2 KLF9 ¢ & & PPARy fx# + > fiz & C/EBPs 3£ ¥ H /= it
(Oishi, et al., 2005) > # i KLF ¥ PPARy 2 2 EaA -8 41:8 5 F77 7 -

5. rPgirlmre Mg iape i & kv (adipocyte protein 2, aP2) £ ¥ F R iE -

v (glucose transporter type 4, GLUT4 )

aP2 % Faisfkid & 3-v  (fatty acid binding protein, FABP ) %2%= R 2
- T HT aP2 hwh g isimie ? € X3 PPARY ~ FatApLE L BB iE
2R 7T B & me P 2 iy FF 2 FF (Maeda, 2007; Soukas et al., 2001;
Tchoukalova et al., 2004) -

GLUTA i & i®® o 2 fgdpsle o B % § & O™ jfilwie TR
Zhmre gt o BN R FEMBE TR 0 DV R TEL G R
v *  (Bryant et al., 2002; Klip et al., 2014) - ¥ 5 # 7 &1 GLUT4 ¢
% 1] PPARy 2 C/EBPo &2 dy v i & frgihimic o (L (S L IT € S22
a4 & & ir* (Gregoire et al., 1998) -
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http://www.wjgnet.com/1009-3079/12/1641.pdf

v FAY
(=) *AXHA

A B ¥ (Cordyceps militaris ) &) &4 % B XN A% - 2 2 5HF

¥ 7/ ™ (Ascomycota ) ~ + % f] &  ( Ascomycotina ) ~ +% F] %
(Pyrenomycetes ) ~# & 7 B (Hypocreales) ~# % 44 ( Cordycipitaceag ) ~
£ % (Cordyceps) & Fjo A A X A E R eniind B4 A AT F 4 %
Ph R REY s A EA 8% (Yingetal,1987) s H B 5 g4 smiE 4
NS he A E C SPEN S EAME A BAEE P ALY KR
iR s S # 5.2 kiR (Guetal., 2007; Ng and Wang, 2005) -

(=) FAAXDp RAG
ABEAGINE SR MELRFE TR (TS84 52011) -2 887
AR TR BRI B~ p A% 55 (Cui,2014); AP A B A G Z 5 ~ 7

AL~ 2R FA s kA e B (23X 4 2007) o

(2) FATzZBIRESA

PRl A AN AEF g (Huang etal, 2004) - & &
Ff (Lietal,2004)~+ @& #&f: (Liuetal,1989)% % prdg (Yuetal., 2007)
S0 B Lun A A e § 2 4 B BT otk 2 (Cui, 2014) £ A

e ol

1. Bﬁ{{f ( Adenosine )

BLH A - R o POl 2 et S B-No-iE H abat e A = (W)
5-1) » A BH@ M P I FL£ & £ 4 (Satoetal., 2005) > » £ ¢ f74l & k5%
M T T2 e A > B e ipdtal e 2 45 (Gomes et al., 2011) ~ A 43

& F AR & Tk WA 5 (Tabrizehi and Bedi, 2001) ~ 55 7 R & 1%
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A M AT I B2 Wt s d 45w,

Referred table 6. The mainly bioactive constituents of C. militaris and its

applications.

Bioactive
constituents

Biological activity

References

Adenosine Anticonvulsant, amnesic Regina et al. (2003)
derivatives and anxiolytic
Antidepressant Carlezonetal. (2005)
Immunomodulatory Ribeizo (1995)
Regulator of blood Tabrizchi & Bedi (2001 )
vessel tone
Sleep-wake regulation Basheer et al. (2004 )
Treat chronic heart failure Kitakaze & Hori (2000 )
Cordycepin Antibacterial Ahn etal. (2000 )
Anti-inflammatory Kimetal. (2006) ;
Jeong et al. (2010)
Antitumor Baik etal, (2012)
Hypolipidemic Guoetal. (2010)
Inhibit platelet aggregation Cho etal. (2007)
Insecticidal activities Kimetal. (2002)
Mannitol Diuretic, anti-tussive and Lietal. (2006)

anti-free radical activities

Polysaccharide

Anti-aging activities
Antioxidant
Antitumor

Antiviral
Immunomodulatory

Lietal. (2010)
Linetal. (2012)
Kimetal. (2010)
Ohtaetal. (2007)
Leeetal. (2011)

22

(Cui, 2014)



CHoR3
. 1 R,=R,=R,=OH: R,=H
2 R,=R,=OH: R,=R,=H

(Xiao et al., 2013)
(1) Adenosine (2) Cordycepin

OH - OH

, O/\/kl/\/OH

OH OH

(3) Mannitol

GRIT A AT LR S A 2 S

Referred figure 5. Chemical structures of bioactive constituents in C. militaris.
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(Regina Vinadé et al., 2003) ~ & # 3 & (Ribeiro, 1995) ~ /% s 58 % B
(Kitakaze and Hori, 2000) ~ # # p&fR (Basheer et al., 2004) 2 & #
(Carlezon et al., 2005) & # »x

no

.3 % (Cordycepin)

AXZ P10 Kt AT F L2 L[ AT o BN g$
# (3-deoxyadenosine, C1oH1sNsO3) (*#W15-2) » = P H & b » g if
g ’IH“@ﬁLﬁ (Cunningham et al., 1950) - iT#& kX% #ﬂ " AX R EG

54 @ iEacdiEF (Ahn et al, 2000) ~ #5 (Kim et al., 2002) ~ 23 &
(Jeong et al., 2010; Kim et al., 2006) ~ #r#] & -} 4= 52 £ (Cho et al., 2007) ~ %
% *5 (Guo et al.; 2010)~Fri | 6 B 4n e 4 £ (Baik et al., 2012) 2 zz L iFp {2

3 |+ (Chaetal., 2013)% -

3. 4 Z#p (Mannitol)

+ @A~ fLfL 3 pk (cordycepicacid) - 5 % ~pE (M@ 5-3) - FH
Fe R RE N R R RRR B A o B R B RO R T s R L)
® & 52 % (Shawkatetal., 2012) ¥ § F 34 N B A~ kg 2
Fop d Sz s (Lietal, 2006) -

4. % p& (Polysaccharide )
AT SR B B1A-4 48BL6-F L i B RE
( B-1,4- branched-p-1,6-galactoglucomannan ) (Lee et al., 2010) - £ $-& it &2
fv3 i+ (Lietal., 2010; Lin et al., 2012) ~ $#*#% (Kim et al., 2010; Lee and
Hong, 2011) im},%+ (Ohtaetal., 2007) 2 3 3 & £ (Wangetal., 2012) & »*

a7

G W
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MBI EGFSAmEN > Das &4 (2010) #-H EIRAotd = 0 ¥

BAATRBLEFT A2 BRAKFRF LGS FRBAKY
(dextran sodium sulfate, DSS) ##E 2 £ 2% X P+ {rﬁf’ BETHELT
INOS 2 TNF-ao mRNA # L& i 1|48 X 2 »c% (Hanetal., 2011)- ¥ ¢} »
FA 3 dp dURt B E 48 A B e (Haliotis discus hannai) @ 35 & {52 4
AX AN S5 2 3By (HFCM-5) ¥ "% i< iz 2L 71+ TNF-a
% IL-6 &3 ¥ ¥ > Interferon regulatory factor 3 (IRF3) % Signal
transducer and activator of transcription 1 (STAT1) #ip& i (Joung et al.,

2014) -

2. Pryrhggimre 4 £ iEH

Fgdn A g2 § pET dr4] Hela &2 HepG2 %z 4 £ (Yang et al,
2014) 3 g+ ¢k ¥ G5 R % e B3 Interferon gamma-induced protein 10
(IP-10) ~ Monocyte Chemoattractant Protein-1( MCP-1 )2 4% it %% (eotaxin)
A @ P e g mre 4 £ o2 {8 % (Sun etal, 2014) - ¥ 5 A7 A
TAAFEANFT A2 O BABIBST LB R 0 2 U s A
(Mollah et al., 2012) -

3. EIFIEH

TrREa A AT 2 AT 32 AT B E o (interferon-o ) 22 5 v i
(ribavirin) &4 & & @& * > ¥ frd] C A5+ Lﬁﬁ% (hepatitis C virus) » i&
AR (A g ens 4 5 (Uedaetal, 2014) - 7§ AT g dp A XS
FRARFSF LGP L B2 s on o BT R RORRY 2 i g &
w ¢ Al [ oRps i eps (alanine aminotransferase, ALT ) 2 7 & » f 3¢
V2§ R4 2R MG F P i L F]S eh4 R (Choietal., 2014) -
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MRS BT 2 A TR EE

Referred table 7. Biological activities of Cordyceps militaris.

Biological activity References Biological activity =~ References
Pro-sexual Yu et al. Insecticidal Mao and Zhong
Linetal. Kim et al.
Anti-inflammatory Yu et al. Larvicidal Kim et al.
Won and park Anti-fibrotic Nan et al.
Anti-oxidant/ anti-aging Yuetal. Steroidogemic Shih et al.
Chen et al. Hypoglacaemic Choi et al.
Anti-tumour/anti-cancer/ Liu et al. Yuetal.
anti-leukemic John and Adamson Hypolipidaemic Yu et al.

Anti-proliferative
Anti-metastatic

Immunomodulatory

Anti-microbial
Anti-bacterial
Anti-viral

Anti-fungal

Anti-protozoal

Muller et al.
Kodama et al.
Penman et al.
Liuetal.

Liu et al.

Shih et al.

Lin and Chiang
Sone et al.

Mao and Zhong
Shih-etal.

Park

Ahnetal.

Lin and Chiang
Ortiz et al.
Mueller et al.
Mao and Zhong
Mao and Zhong
Shih et al.
Trigg et al.

Anti-angiogenic
Anti-diabetic
Anti-HIV
Anti-malarial
Anti-fatigue

Neuroprotective

Liver-protective

Reno-protective

Pneumo-protective

Shen and Chen
Yoo et al.

Choi et al.
Mueller et al.
Sugar and McCaffrey
Jung et al.
Mizuno

Ribeizo

Guet al.

Jung et al.

Yu et al.

Won and Park
Yu et al.
Zhao-Long et al.
Wau et al.

Yu et al.

Yu et al.

(Das et al., 2010)



R
AT FSHEe RS T EGEY F RS S gL Y PR R
(TC) & TG ehjk & @ L 3| i MpeniF > S fEd A § ~ pafs2 A
Facndr | F iRl 2 BRI # L THRE L G Riock (Dong et al,
2014) o ¥ 5 F7 3 4p &) Wistar + &2 10 mg/kg #| £ 2 # A 5+ 7 -k 54
a o> V' EH o R TR L S £ 2 2 22 Insulin receptor substrate 1
(IRS-1) 2 GLUT-4 2. 4% » e & ¢ * atropine 2 hemicholinium-3 %
Bl A SIS S 1S o T M BTk g A o srdRRl H TR B ik

A g5 B (Cheng et al., 2012) -

5, AHLE TR
FrEs ALY X E7 417 2 39 (Concanavalin A, ConA) #%
Fevbmre @2 Thl - Th2 BEzZ wiepi A4 » RRATZ LA
& E T 4 anit . (Xiongetal, 2013)- ¥ 3 A 1 Bor A B E g ick k
B Ao RS 8 g B B T St IS B e R B i A RGERE P 7F IL-2
Interferon gamma (IFN-y ) 2 z £ & H EA & L5 4 2 #sc (Zhuetal,
2013) ; 7 % fkdp B AR e b a B B ETRFHDE P RF |4
e Ap % 1248 £ 18 (major histocompatibility complex, MHC )z % . £

a2 F e P e F=d (Ovalbumin) 13 wgim 4 (Shinetal., 2010) -

6. il it

B AFRBEET A2 RAL > B BEPFT K ety 5
Ik iw*z RBL-2H3 % 348 {%cts IL-4 2 TNF-a2. % & > T e papc i Syks
ERK ~p38 2 JNK % g (Ohetal, 2011) 5 * ¥ B4 enB 5 i 7 Afeps
£2 (isoflavone methyl-glycosides) + *% i< IL-4 2 TNF-a2. # & » 7=~ ¥ $*

#] AKT £ ERK1/2 v 2. £ ¥ (Parketal., 2012) -
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7. Fif T

\m

é}%#ﬁ WE; BT RIS
5285 pd e 4 (Chenetal, 2013) 5 ¢
£ rdl” %‘H@; g BRac 4 2 g g d A2 2% (Reis et al,
2013)5 7 F @ pdp 5 F RS AT R SMAT § - AT AT 2 0T
%k » Commercial catalase ( CAT )~ Surperoxide dismutase ( SOD ) ~ Glutathione
peroxidase (GPx) #2drszfL p d K52 i¥% (Lietal, 2010) -

R 'pDPPH AR O A2 A
)

L L EEN RS

8. 7 5 A;=xRfrginz (v

FIRETFAYY DAT F-5 F % ¢ mpl k& 5 10 ug/mL ™ #
© 3T3-LL ¥ b jf h % (Liuetal, 2011) 5 32 pM A K% 2 7 14
TG #3)= & PPAR-y ~ CEBP-a% $m leptin e (2% > ﬂﬁf%ff’gﬁiﬁ
& F R Pl o R E S R ST R 9 e e o
TG 075 (Shinetal., 2014)> & X % 7 frd|Pq F R 2 fgirmie 4 &
= 4p k¢ &£ ¥] C/EBP-f 2 PPAR-y 2. 2 JL& > l%ﬁ'ﬂ Fr4] Akt 2 & it AMP
Kinase » 4R £ ¥ & A5 d Frglfg B 2 & = 1 25 A Pl | Fragl & 1t v %k
(Takahashi et al.,, 2012) - 5 5 #7 7 45 114" i L SREE RN R Ol T R
5% 3T3-L1 & i 4p i 44 7] PPAR-y 2 CEBP-a.~ *54&% adiponectin 2 #
o 5 e e inge MCP-1 2 2038 » f 5 2 dv 18 3T3-L1 W i en 4 > 42
BH S HF A 5 %’ﬁ“ d =1 Aryl hydrocarbon receptor ( AhR) i 3|47+
3T3-L1 & it z_#»z % (Shimada et al., 2008) -

b kG BL p HR A~ KX % 12525 2 50 mg/kg BW ¢
T4 TC~ TG~ LDL-C #4& % & 5 35 (VLDL-C) ths £ » &7 &
¥ 2% it (Gao et al, 2011) 5 ® # B A LAY 0 L)
* 50% JFpEF E B TR RSk S CH7BL/G) o Bl Bk AT AR S R
e MHEME e ) 2w F S8k TG~ TC & M A % §ov

(LDL-C) %2 5 £ @it 5971@ 2 12811 & 40 B g vk vy v e 15 1182
P Wk kmRe A v 2 3x % (Kimetal., 2014) -
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o~ KK
(-) %+¥@A

% (Oryzasatival.) » 25 2 24550 & > 5 £ A§Had > FIHfE
RzfmgzmEsN 2 ﬁth‘fiéﬁf%ﬁﬁé‘é'rﬁ%‘/}&riﬁzﬁﬁ\ T [ 5E 2 s
(phytic acid) % (Fardetetal., 2008) - #g PRI P ¢ m R4
R TRREY N L N BN ,t;% BIe EHrrom Ti73 A% o
?%%%%@ﬁ?’%%Wimﬂmmiﬁﬁ’fm§4?F?@ﬁ%*
2 Fuy it (Lingetal., 2002) ~ ¥ (Chen et al., 2006; Jiang et al., 2013) ~
2 % (Minetal., 2010) ~ "% & %5 2 « & (Jang et al., 2012) & # »% o

(=) %+ % (Anthocyanins)

e F 2XH ¢ & &% e (flavonoids) 2. - 48 > 6 7 pe 4f
(polyphenolics) » ‘a4 4t WA 77 « i=F % 2 K3 PS¢ % > 37J ¢
FlpgE & pH B2 b e sfEde 2 = X NH o 4 AR by
& (Kongetal,2003) o =5 Z ek ¢ ka3t g seland 5~ 7 At 2
ﬁ&%%%ﬁ&ﬂ\ﬁﬁaﬁﬁaﬁﬁZk’ﬂé&izzﬁigﬁ%g
# % (cyanidin) >~ 5 2% (peonidin) ~ & # 5% (delphinidin) -~ %%

( petunidin ) ~ 4% % % (malvidin) % % % 7 % ( pelargonidin ) % = f&
(Castafieda-Ovando et al., 2009; Stintzing and Carle, 2004) -

RIFTHITFEEFILEBE 2 s RE2 c% (Kocic et
al., 2011; Nichenametla et al., 2006) ~ 423 { (Huang et al., 2014) ~ =5 ¢
7o (Wallace, 2011) ~ 7o f 2LiFpH 147 7% 5% (Valenti et al.,, 2013) ~ #f
(Cisowska et al., 2011) - ;%%: p o Z (Jhinand Hwang, 2014) ~ Fr 1 %5 & % 5
(Belkebir and Benhassaine-Kesri, 2013) % :c L % & Z fedi~ 3 o AEL & Pq g
(Jayaprakasam et al., 2006; Tsuda et al., 2003) & -
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http://zh.wikipedia.org/wiki/%E6%B0%B4%E6%BA%B6%E6%80%A7
http://zh.wikipedia.org/wiki/%E6%B0%B4%E6%BA%B6%E6%80%A7
http://zh.wikipedia.org/wiki/%E6%8A%97%E6%B0%A7%E5%8C%96%E5%8A%91
http://zh.wikipedia.org/wiki/%E6%8A%97%E6%B0%A7%E5%8C%96%E5%8A%91
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCsQFjAB&url=http%3A%2F%2Fzh.wikipedia.org%2Fzh-hant%2F%25E7%25BE%25A5%25E7%25A3%25B7%25E7%2581%25B0%25E7%259F%25B3&ei=q5YSVLXmCtHr8AWb_4HICw&usg=AFQjCNFZJg7NIyaVilema57ZX6JcIRzL_A&sig2=vLER033VYj0bh1W86NtGRw&bvm=bv.75097201,d.dGc

(Kong et al., 2003 )
R s T R A AR

Referred figure 6. The basic chemical structure of anthocyanin. R1 and R2 are

H, OH, or OCHzs; R3 is a glycosyl or H; and R4 is OH or a glycosyl.
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5 Fp %%‘f%%iﬁ%b TP ES TS L TR Ty
it e

Zﬁ?‘bm"fﬂ SR ?:i"% Pl AR TR T 2 JH i o T e kG H
2 ALz &= (Jiaetal., 2013) o

2. ﬂfﬁvfk'lr)%sméigf 4

KT F 7 Frd) A SE 5 K me SCC-4~ Mk wme Huh-7 2 Hela %
Fyimve 2 34 (Chenetal, 2006) » ¥ 5 £ 3 d4n 11 % & 4L T340 7 dedh] £ 3
T 7 H;]Uglplmﬂe PC-3 z 3 4 2 3 ¥:% w %= (Jiang et al., 2013) -

3. "I'"FF ’Fﬁj; it
il KA Tk T AT A
it (Zhang et al., 2013) -

~=|

4, i X
%5k ¢ 2 7= % (cyanidin-3-O-B-D-glycoside, C3G ) ¥ % #& 34 & NF-«B
v MAPK 2 % L& £ P4 L 7% (Minetal., 2010) -

5. % %A, g iR iTd

Fihi %49 254 % C36 Vs = Y 2L Sps s
on g (Umetal., 2013) = F drd| % q4c 8 A H % B2 B o e % s¢d o

s R B ¥ iF* (Yangetal., 2011) o gt ¢ 5 %k F R KPR EAR « LDL 2
TG 7z & » i&m frd| < R2. 3 "oz (Salgado et al., 2010) » = ¥ 3} 2
CEEEPP T A RN AP AT BRI F L R F AR
k *% (Jangetal., 2012) -
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I~ FHEFR
(-) FAEFRTA

A B LA F2 L0005 E R BORWAT - 4o r i § ok
ARFRR T ASEFEEL AL Y P TP S TEAR o F
AT TR AEGHE ISP F2Z a0 FIWEEF2Z 283 f150 2 4
' 4ot @ (Mitchell et al., 2011) -

(=) REFHLEFR
FAEFFEE S OPFRITERERETEER S 6 F EFFFY
(Durand, 2003; Holker et al., 2004; Nigam and Pandey, 2009; Pandey,
2003; Sato and Sudo, 1999) > # R gL A i heTF

L A A=A BB ARA TR kL g TR 7 2

IR LF Et

5. RH AT AT BERRE € R T H S L KR P
AR AR FREIIR A IR S o

BRF AL SRR Bivy P =F Hdp 0 (Pandey,

2003 ; Sato and Sudo, 1999 ; 5 » 2003) & 7 4+ BLF 5 PR > Hax gLA

it e
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Bioreactor

Interparticle
gas phase

(Mitchell et al., 2011)

- =
29T &

o
PN

%

2
Z

%6 i
Referred figure 7. The phases within a solid-

&
R
[

Kﬁ»?]_: ~ I’_‘*;,‘]

state fermentation system.
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L ﬁﬁ]gﬁg:ﬂﬁgﬁﬁﬁi%‘%ﬁ‘ﬁﬁi$§iﬁ¥ﬁﬁn

B A AFTHFAE P CERBEAR TR 2 S EAIEL R

2. fEEELC d AT B B E KB T Fer a8 KA 4 b
B ERA P B F Uris AR R - S

JRIF A E A&
Vi geas e N A - T e N A o 1 L 3

ArE- 2k o FQSL G B F Y R ks il g pkn o #

8

2
f
6. FEREL A NPEEALETEF AT O RILA TR T E R

,\
I

) FRFHAFEZREZ

4 & (Biomass) & fpfict =2 & &R BB R PE K AL T
%iﬁiﬁﬁﬁé%ﬁﬁ’ﬁi%iiﬂié%i&i%éF%ﬁ&ag
=k > D Az AR R Wb el R e a0 b
%%Waﬁ4#*%FW#Z¥¢%’£n*£ﬁi%*ﬁ%g £
A6 LD FHIAFP I R RA L2 SR - T BB

\Et \-m&

\rm\-
A

(2000) #-FEHFFEY 2 5 Aupl 7S 2 A 5 2 A8 > AitdeT
1. RAMEFLATERAH
1) < % U
T o T AL p¥ st 0 KiE* f) Saccharomyces cerevisiae ¥

%3 X FHjip A& A (semisolid media) @ » #-H 4cF 3 33 & A3 L1518
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BAIY gpo T o S T AT B @RS F o WU FMBERGE I
AR ERERPEHR R EREYE Wwe kR 0 I ¥ T *ﬁ 2k & (Wei
etal., 1981) -

(2) & 43440
B R RGLMA FASEALATARE 1T LR
R A SEELRE SR oF SRR SRR R Y S R

]
BEFE FOEILFEEARAT A SR EL UMD
BRI FEATEE A P p R

1 B B RS WA chdicdp 0 fipl £ 7l (Matcham et al.,

AR B T e AR B e E 2 Pl ey B St LR .

DA d g M 2R S S RS E MR - F R
<

)

okt LAY AN § CRARATER AR BT FA T
- ARSI R 2 A B FEEARE S HER L D F 0
Ba A Eok o dopt 4 v Brpde s A 2 5% (Okazaki et al., 1980) -

(2) e tpreng 4
e kg 4 LT - B o R AL AR B 4
# 3 (Agaricus bisporus) 5 ¥ i 4 f¥ss % B 15 9T A 4 2 %% oF kR

(laccase) FH 70X P HHRUMAZ TR > ¥ 2 € XTI EER

z i% %‘fﬂs’»“ fe @ —gﬁ,f‘g_fi ’ ;’,E('\:" ﬁ:’é\ :IVH_ET *p?]“,i‘%}-f'_a'% S (WOOd, 1979) °
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(3) H & &2 NHpE S A B A B

Matcham % + (1984 ) = 3 # ¥ f] * ATP ( Adenosine

L‘.l

triphosphate) % & k4o 8 W2 H AFHEF L L F 0 2ER T

—

R B AME S FIFMA G0 J LT L ALY
A B e AR o A B RE o T - AR ERRR A B E
FI* ¥R ERHEBAS - SRR P TR G AL R
TEFE b BT EN N NBEETE o

Y
ETIN

EEEY TES-TI R &5 s
@@%ﬁ@ﬁﬁ’%%iﬁﬁéigé;%fﬁé%ﬂﬁ
Ll IR S £ E L U

e dmed g oo

Aif-\'
=k

s
=
|
bl
&t
]

e
I
@_
=
T
s
I
P
%‘5‘
1+
58
o

Tz eday dipkd 24 Lk (Carrizalez et al., 1981) - 7 i 5% 8 H
AP AERY T MA A RGAL L FER RALATY 2 &

kiR A kRN s T ERTEM Y 3 T 5 £ R

LS s R PR ARATL T

() i
f1* DNA % RNAL%&?E‘J%?E‘J@EF]% ZE et E g At A

?ﬁ‘,]ﬁ- fél o nﬁ,ug*ﬂ%‘r;%m SR o * b g }}‘}%%%,
Tk Kk + A e b ipips (DNase) (Matcham et al., 1984) -
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Q) # F#=
WE R s SR T ALY Rt R
F2 - > HRIZI & ERPIE Fee Y L F R TR i

RH G A B A F s B R E R kR o

ORELI

ARG LFAY ARPFABGESF T AL N ¢ L AR
widdy (Adbisporus) cha L v @ AL EREY & & FIRR S FHE
B ensi B % (Matcham et al., 1985) » # | 2. v 1 * & »xic ik 49 & 47
% (HPLC) fe & UV MRl B 3 FAcR 2 FMb v 5 MEAMZ B ik
- & { & #¢e™ % (Ooljkaas et al., 1998) -

\V‘\ﬂ

(z) HEALS L iAM R

Piﬁﬂuﬁﬁf%ﬁ%é@’ﬂ“ FHUMEFABRER R

“r & 2 eB-glucosidase ¥ -k 3 %A 2 f= 5 (phenolic glycosides) (Zheng
and Shetty, 2000) ; ¥ #-F Z & 2K B 0 SHEBR R E 7 F 2P 2
HAovEy ks 2% @ (Han et al,, 2005) ; @ & (1998) 7= 41 *
HOLFRE R o 20t Jr (2008) AR R BAEEE R REE R A
4 2_ % 3~ (Ganoderma lucidum) 588 £ £ > 55 % 38 T ¥ B 3 B2 A SRl 2

FLF S RAREERFSEARL S DAL SRR BT AR

PEERITE G BB 2 B o

<
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w N

>

FZR MR
7 S

7]
MOEERE FFTHS AEAFLISFTRE RS HRRRE
ol pp 5@ ﬁzi‘ff A
3T3-L1 (ATCC CL-173 ; BCRC 60159) Mm*z tkd 5 % 4 it fLEF L%
+ P EdE
fcid fp = % o 7 (Taoyaun, Taiwan)
B 75 &L (Research Diets, D12492) ptp. Research Diets = @ (New
Brunswick, NJ, USA)
- 4t f A 45 (Laboratory Rodent Diet, 5001) p# A Labdiet PMI®

Nutrition International 2: & (Brentwood, MO, USA)

B

(=) FRE %2 ZRAUA

1.

wE

(1) & &% F 5 #3 a(Potato dextrose agar; PDA )~ fi## % B~ 1~ ( Yeast extract
powder) fp = RHIMEDIAZ 2 -

(2) % % # (Glucose )~ & # (Sucrose )~ 5t #%= (Lactose ) ~ % #& ( Fructose ) ~
% 54 (Maltose) ~ & & #Hps (Ergosterol)) B p % ESigma= & -

(3) e’ (n-Hexane)-~ ? & (Methanol) ptp # RIMACRON = 7 o

(4) = -k#rpadz (Magnesium sulfate 7-hydrate ) P p & ¥17 Panreac 2 & o

(5) #ipsd - 4» (Potassium phosphate dibasic) BEp p A Pfoit £ 438 € 4L

AL

(6) mipi= & 4o (Potassium phosphate monobasic) ptp % R J.T.Baker= 2 -

(7) 2 f% (Ethanol) pp 5S& &3 AP o
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2. S

e BB PDAREAY B E 0 98 (8 H 4T ok
ot E o Brd o gEdr o URFELZRET 2B BT
FEE(H5mmx5mm) > FAATHPDAR E AT T 25C TRA

3. RuBE

R FEES Y 0 REFHPDA 2 B MR FfEY] 7 27 2585 mm x
S5mm~ ] 2 FSsE o KH a2 2100 mL R s & A 2250 mL = &3y
¢ 3100 rpm 0 25 C TaEEFIRITE R3X o B B 2% & FfE3 mL
(3%) 448> 7 7 100 mL jRfE 33 & 752250 mL = 4 #g > *100 rpm » 25
C TEFERTER -

ZEARARARASL EA T E 0 2002 554 59 -k
Frpidt (MgSOs « 7TH20) 059~ e & = 47 (KHPO4) 0.5 % Bife = &
47 (KH2POs) 059 -

(=) REFp
L AAXEALE S RES

PEE AT A 159 R rEg? o e 2ROk 16ML (kA4 R
50% ) ”'\"pﬂi“ 7 121 C 215 ASRFE - 4 4ris o 4o 0 3mL iR
R FERE AR > SO EBELE TER A P

ﬁ-fﬂ%% B AAEL 0-19 2 ¥ AR E AN E U N EER A

(:L_‘_r
E&\-\
H—
[N

ke

&
4
(o
%

i
1

2. A AEE K BaEs % iE e
PHAATE L SR (et AT AR S SR) 22 g

WLH - Bl FE O AR 40T
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(1) B A& 1202530 -

(2) kA4 140506070~ 80% -

(3) 7 e %/ (1%) : Yeast extract ~ Peptone ~ Soybean meal -

4 ’T sepih (1%) : Glucose ~ Sucrose ~ Fructose ~ Lactose °

5) «’J‘ e (0.5%) : KoHPO4 ~ KH2PO4 ~ MgSOs » 7H20 -

(6) #BHE 23 4-5mL-

’kév\ifl:ﬁfé‘_ (%) =4 K&/ (RFE + kT ) x 100% : L F A2 &
BWRER LA SROK (S 4o~ o

3. R4z E2 Rl (Matchametal., 1985)

Aotz st & FiR AR KRR 2L o B3 3407 R
Ak 1g NREE P s A AmLo it e YR 50k 5B (vortex ) 904
£ MRS o e i o R £ AR R R B o M I E
Pode B2 b gkt 40C /ﬁ‘@/&‘fﬁi oD £ 0L BmL T iR w R o Ar iR E
3ol 045 pm fcdt R E RS 0 2 % 2ka ik 4P & 47 & (high
performance liquid chromatograph, HPLC ) ~ 47 % & Hfz2. 2 & > §d & &
FRL Aol kAT Y L ANEEE

® »e it % AR & 47 ik # 45 Agilent 1100 Series LC ChemStation & i >
UV-VIS DETECTOR/S-3702 + & E/[¥% ¢k 3k 4 p| B 7 3t & #icdy 2 2 SIC,
Chromatocorder 21 -

B TR AR K AT I B AT

(1) ~ 3% 4 : Prodigy 5u ODS3 100A (250 x 4.6 mm, 5 micron,
Phenomenex ) -

(2) Z5+E 120l -

(3) HEA4p 1 ¥ % o

(4) H&RIAE 2 282nm e

(5) wi 1.2 mL/min -
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4.

pH &R 2
Pejofis 2 A B3 %K 29 3 50mL &4 ¢ 5 4er 20mL RO -k >

T ¥gF 30 & 48 1pH (VisionPlus pH6175, JENCO) Bl H i@ o

5.

ek A WA
(1) AT FHEH % 0UE
B 3mL iR EfE o B0 S EL 100mL R AR 0¥

* 259C-100rpm TR & o & 4% {0 d g okl 0 B 3
//ﬁui’.l_ﬁ‘wg_}p b o 2§83 50 T B i 0 L Bk B8 ( Retch
ultracentrifugal mil and sieving machine, Haan, Germary ) i #{s i & (40

mesh) FiF# BE AR > a b E X GpEk A E L F T R/

A mLAt B AR R AL ALR AR 15 g £ R
REARTHEAG AT (H-kakhd i 60%) Hlrgdte?
W 25 C A B HEPAE 15 % o PR AL A AT N L 50
C iz 2 EE o Bk ik B & (40mesh) s Tm (a4t F 3%
Fds koo HE BOT Wi I EE o I ER BB ASEHF (40

mesh) » T8 ¥ 5k %

() —-%3484%

1.

e d

(1) 35- = -k pk (3,5-Dinitrosalicylic acid,DNS ) 4= % % #& ( Glucose )
PEp £ ®WSigma = & o

(2) #=p& (Boricacid )~ z it (Ethyl ether) ~ @& (Hydrochloricacid) ~ & ¥
it 4 (Sodium hydroxide ) fe#rpg (Sulfuricacid) PR o~ %81 o2 -

(3) # % -k (Hydrogen peroxide) friF )% &4 4+ (Sodium potassium tartrate )
BEA P Afrk BT £ g AL o

(4) 7 A% (Methylred) Hep p A KA 327 o
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2. kA

PR Eac e 2 A A 1-29(Wr ) B3v g B E (8 2 fEZ H(W)
oo BAcBEEE o R F RacE Ao fEIEE (W) d
EEEE2ZHA ‘E}_"f MhRESETEFZRSZ KRS ZE cHRERRARLS
B2 E e

ke z g (%)= [[Wi— (W2—-W) J/W1 ] x 100

3. A
oAk ol A ML 2-6% (W) 2o e ez v 5 & 52 M3 (Wi)
¢y 13t 1059C 4P g0k o él‘,ﬁ%%fi/’a\fk/’a\ s LA Aciv g ¢ A it (575
+ 25C) ZHSE RTINS o F BEEAESIT 2000C B 3B
R MFLrI R ERFHEE W) eo RSB AAAS 7223 407 !
A FE (%) =[ (WaeW:) /W]x 100

4. e F

BEicEp AR 283 0 EXFFRAY R A Fa o 0
95~98 T 4 N 304k 2-3 | PFEs . (W) » TR EAL 7 de b it ) 30
At (Wi)e FIFiRiask » Soxhlet TP 8 2 5758 ¢ > 7 3] R OUEHY
ber 8B Z T AR H T LB - 55C JEE ks il 5B 16~18 /) PF o
T3 pTiRE AP RS #AMo e BEHIEFY w
Yoo BORFIRERLE SToRIE P M e B iR o R T A0 o B fs RFLRENY
B 058 T kit ? ek FIR P PFHFL- LM 2L E
(Wz)e e A T3 223" H 40

sk E R (%) =[ (W2—W1) /W]x 100
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5. e F-v

BEicE B AMHA 1.0g (W) B » it 2 fEg @ >4~ 25mL JE4r
FeZ “3FRd FRCA o A BARIBREFIE R EREMIE R
4 %= % (Gerhardt Vapodest 20) P &7 F 4k > ¥ 74 15 mL2 ki (35%
§F R ) FIk 30 it &4 10 A4 Iie % 75 R & 4y om A
(bromocresol green {= methyl red ) e#2pcia % (4% > 25 mL) kdEiz >
hied 01 NZ BREEARF T IS WGk > B HLTRRE
A (Vi)e T o BF e L@@ e 2 (Vo) o b % 3ov 7

A N % .
PR AT

AR FI0 FFE (%) =[438*x0.014** x (V1 —Vz) x M/W] x 100
M : Molarity of HCI
* 332§ »#c (Crisan and Sands, 1978)
** pg 3 ImbL 2. AN @EZRa% £ (9)

6. ki &P
ok i B b (%) =100 = (kA + A + 42rf + e ds )

() Z2RFEFFTLIF
1. AX % (3x% -1999; # ».1997)

sk 2 59 A 250 mL = &35 > 4e » 100 mL RO 7k » & mAg 4
# (Bransonic 5510) %% & i % B~ 60 min » £ > 15,000 rpm #& & T 3.
10 min o #7181+ s 50°C TR REAED - LB B M P RTEI S
mL > £ 0.45 um 2 R "Bk > Bié 0 HPLC 27 A 45 o ¥ ¢ » 17 ik
B iR 3 - (cordycepin) iz » HPLC # » d #7i8 6 g Ntk £ 41 > J§
PERSY AT 23R o nAp AT RA S 2 Boni A kAT
& ¢ ¥ SHIMADZU LC-20AT % j# » SHIMADZU SPD-20A UV-VIS
DETECTOR ¥ & & /% ¢k k4 ip| ® > ¥ i B #kdf i@ 2. SHIMADZU
C-R6A Chromatopac -



2.

B TR R AR R AT IR R AT

(1) ~ 3¢ = : Prodigy 5 u ODS3 100A (250 x 4.6 mm, 5 micron,
Phenomenex )

(2) 158 20l -

(3) t&AE 260 nNm -

(4) #&4p 7% 1 002M #EfE- & 49 =15:85-

(5) i 1.2 mL/min o

”’ij (g% »1994)
BT 2R AT Z2Z A3 258 b2 kR 2 158 2.(adenosine )

A AHPLCY » ¥ 05 fg e E o BB RS L 5

Pl
(1) % @iz 578

R S A S E R iE G 5 (40 mesh) > B~ '1g &4 » 20 mL
ROk » ﬁ*?%&ﬁi EERAE R I S AL ST I B PR RN R
15,000 rpm > 10 min otk i 2 3 5 S8 E R 0F LR o R R R

e

& f&pr (a-amylasefrB-amylase ) & f& 2 > T R B 2ok ok £F 3 B
PR H EE S (e rgki 2 s FES ) £ E 4% (MWCO
6000~8000) £ +7Mf 7 11 2 “,f e F BRI ELI - MBS o

PSS RRE S A eB iR 0.5mL SR BB FE P
e r 05mML5% feigiedfe 25mL JkAipck o E 30min {20 @ * &
%k 5k & 3+ (Hitachi U-2001 Spectrophotometer )» A 490 nm z_ & & T~ »
RIBm kBT fre kR (F 53R RS H N
2B SRR o
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4. 4 E¥pE (Ajlounietal., 1995)

Pt RAFAE 1g 0 e r 50mML B0 % PP 0 R T ARIT H B~ 45
mined& F 15 2 % 5L G F g ik 4 25 ML 80% I A b ik o
TR BV RAEALY 40T TRRIESL - R o RHFE 2 piR R
10mL = &¥5g¢ >3 @3-k E 3 10mL AR5 045 um 2 g "l g
it B8 HPLC 217 4 47 o ¥ ¢b > 37 ek & 90k 8 5 (mannitol)
A~ HPLC @ o d 75 fr g Mg E 4 e B 2 7 £ -

® % ik 4B K 47 &k ¢ 35 HITACHI Chromaster 5110 % jf > HITACHI
Chromaster 5450 47 &+ 5 &8 B » T it 5 #chp k2 2. Chromaster Sys 1 - %

PTae R AR R AT iE E Ao
(1) » 3 g4 : Luna 5 p NHz 100A (250 x 4.6 mm, 5 pm,
Phenomenex )

(2) iZ&fE *SuL-

() #H#4p t 235 -k =80:20 (viv)

(4) s~ : 0.8 mL/min -

5. f¢AmE (2 2012)

P 585 A HF R 5 g 4o~ 100 mL 95% O.IN & it & fif » > 25°C T
P12 o] o E P 10 Whatman Nol g iAde f BiR s > #riFRiadE
PR iE i 5B e A STk iR IS 40°C 2 R T R IR ERE 4
FIBA T TR B IR RAREIBIR T S =re i fpiE {5 partition
g oRE /ﬁ‘@«f;&‘fﬁ—i “,fﬁi‘ ¥ 23 PR ?ﬁé&iﬁ"ﬁ?éii@i& PR S &

3 10mL s SRS 045 um 2 JE B IR A 1  Bfs 1 HPLC 2 (7 A 45 o ¥
o #-7 Fk R iR & 5. (kuromanin chloride) ;i ~» HPLC ¢ > d #7{8 &
ﬁfg e B A RS 2 2R o B AT RS2 B

%
iy ik 4p & 47 & ¢ 45 SHIMADZU LC-20AT % > SHIMADZU SPD-20A
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UV-VIS DETECTOR # £ sk /[¥% ¢ & #& B T B IR e
SHIMADZU C-R6A Chromatopac -

® PTAe R AR Ry AT R 4T

(1) ~ &g 4L : Prodigy 5 u ODS3 100A (250 x 4.6 mm, 5 micron,

Phenomenex ) -

(2) rstE 1 20pul -

(3) #&iRIAE 254 nm o

(4) #&4p 1% ? pe (formicacid) 2% =91:9-

(5) i @ 1lmbL/mine

6. * pragiRl 2 (Jiaetal, 1999)
(1) % gz 58
- 1g ek A4 x 20mL95% & /o fI* gk BT E -
| pEES 5 > 13,500 rpm g T s 10 min e #r iR FF R A BRIk
¥ »Befsl 80% e pEEE L S5mL o

() FmiEs 2Rl
BeE P 500 pl ser 25mL45% © FE s o 4e » 150 ul Ak

4 (5%, wiv) 2 & »#FE bminfsier 300ul # i 48 (10%, wiv)

ol

(
LisEEO6mMN, L4~ ITM1ImL & ¥ i“402 550 ub Z 4k >
Vortex 323 ;R & 16 & 510 nm 2. & T > BlEHB R E X fre kR 2

(quercetin) {2 50t 3 > 355 D Apft 2 R M AEIR R o

() 3T3-L1% #ginimrie 2§ *h F BRBd
1 #%¥
(1) Dulbecco's Modified Eagle Medium (DMEM) ~ Trypsin-EDTA -~
Phosphate buffered saline powder (PBS) ~ Penicillin-Streptomycin

(PS) ~ Fetal bovine serum (FBS) % Insulin (Human Recombinant
47



Zinc, solution) £ p Gibco = & (Invitrogen Life Technologies,
Carlsbad, CA, USA)

(2) Oil red O ~ Dimethyl sulfoxide (DMSQO) ~ Trypan blue stain ~ Bovine
serum albumin (BSA) ~ 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) ~ KCI ~ Tris-HCI ~ Methylisobutylxanthine
% Dexamethasone pEp Sigma = # (St. Louis, MO, USA)

(3) Triton X-100 p£p Merck = & (Rahway, NJ, USA)

(4) NaCl ptp Mallinckrodt Baker = & (Phillipsburg, NJ, USA)

(5) CaCl, 2 NaHCOs ptp TEDIA = & (Fairfield, OH, USA)

(6) EDTA ptp Dojin =7 (Kumamoto, Japan)

(7) lIsopropanol pp - ALPS = 7 (Taipei, Taiwan)

(8) Formalin pp Choneye Pure Chemicals = & (Taipei, Taiwan)

(9) BCA proteinassay kit p g Pierce = & (Rockford, IL, USA)

(10) Glycerol assay kit (GY105) ptp Randox = & (Antrim, UK)

wEAR
(1) 4 kx>

sk i 1090 B~ 250 mL 4825557 > 4o r 200mL 2 3+
koo 4z 4§ ik (Bransonic 5510) £ B 2% 5 B~ 60 min - £ 2 Whatman
No.l o4t § Bip > “TIERAMFREEL 58— Xt 2 ik
WkHEFLY 0 3040 T TRBRIESI 0 £ 3 B R TR BTl
2 EB P L R RIS et 209C T * o
(2) e xR

HHk&EHL A 1090 8 » 250mL 4825%g¢ >4 » 100 mL ¢ f3 >
*25°C T > 150 rpm R F F P~ 24 ) pF > A1 1 Whatman No.1 g A
PoF BRI RAL MR RIEREEC X2 B2 R 40T
FREGIGG ENeBIEI- WEAR » #rEL 50>

20C TiRGFEHF o
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3. 3T3-L1w% *giplimiz 2 12 4%
(1) 3T3-L1w #g%5mre i34 52 %

[ e w > L DMEM 1 % & (DMEM # % ~10% FBS ~ 1%
PS~1.5 g/L sodium bicarbonate 4= 0.11 g/L pyruvic acid ) ¥ ** 37 «C -k
ARYE PR EREAAS O T5Tflask ? o BEEF 32 EF Y 2
3T3-Llm*e ¥k (7 13% Fuif &) )B~di >3t 37T -Kip ) ? P-if f2
1 T0% SEREE RS H ~ BTS¢ o BT R 2 e BRI b
~ 75Tflask » » R &£353 153l 37TC-5%CO, 2 % §5 ¢ 135 4
%o {#3 DMEM 22 A8 Fma - 22 4 -

(2) 3T3-L1w *gipimie i 4

P B AR iE 89 MR TEARE - LEE DMEM 8 £
AH o e trypsin-EDTA 2% {s B3t 37TC + Jji 35 » 45> £ *
Lisdps R AR e pOEED PRE 0 se x 37 DMEM 1 & A #-fmre b T
KoBdfE3ag RERL e r ABALEY 25N CO BRI HE -
(3) 3T3-L1wi%g naimre & it 12 %

#-3T3-L1% #q % mre 11 6 x 10% celliwell z % & &3 24 well
ARG A g w2V E B (confluents ) is £ 32 £ & % > % DMEM
xR AL : MDI &% (2 0.5mM methylisobutylxanthine ~ 1 uM
dexamethasone f= 1 ug/mLinsulin 2. DMEM £ &% £ ) F# %A 1 o 12
AAFAF{HELILAEER A (71ug/mLinsulin 22 DMEM £
ERA) B EI S APy DMEM 2% 4 » 2% 3 $4 % pr4 3
Admie o moa adt e phpF e € d SRR R S FIIRR 0 X5 R F R

FE P P L2 B9 (mature adipocyte )

preadipocyte Sample
confluent  post-¢onfluent mature adipocyte
\4
| DMEM MDI | DMEM +insulin |  DMEM |
Day -2 Day 0 Day 3 Day 6 Day 9
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4.

'wmiz e 2 40 pl trypan blue stain &R £353 » £ 2 10 uL B &% 7 A
I & Zk#dm (hemacytometer ) # - > ip = A pcd T ik :
e P o PR 2 T 0w Bk '/ﬁ-‘ﬁ B#cis L F10* o TLEEA

POt !

#-55 trypsin-EDTA AUT 2 3T3-L1 ‘m% f i fc 4= % 15 » 510 ul

y
%

=

Iy

B =

T

=

mPE R F R Y 2 e i o

5.

kLA ST -
1) rE

MTT( 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide )
R ¢ tetrazoium B EE L F R et SRR Y 2 PLIApkd 4 e
(succinate dehydrogenase ) # # MTT 2z % ¢ @agd HR R 5 % ¢ &
Rz formazan g ds TR T e N0 F OB S PARE F o R
BOMTT x4 ,1}71\53’ 7t formazan 2. 2 =~ EE me B o Vb
He s &8 7 DMSO A f#=%d 2% » 3 570 nm A& T R4
B3k E o vk Sk EAR A & ot e 35 F 4% 3 (Tominaga et al., 1999) -
@ %

3T3-L1 # #3 % me 12 5 x 10% cell/well z_ @ & #4855 96 well 3
HEP 53 JTC-5%CO2 BEFY A - X8 > 2 FERZIR
e iT* 0~ 2448 272 o) pF o it Z g 18 4% DMEM f%%i’wc >~ 60
uL MTT solution » >t %47 F B 3 B 2Z 880 "$ MTT
solution # 4c » 150 uL DMSO =3 4 & 30 4~ 43 » £ f|* ELISA
Reader R £570nm & F 2 exkid > ¥ )% 2038 Nmre 35 F o
DN 4T o

fmPz 35 % (cell viability, % ) = [/&2 2 2. OD & /¥4 %22 OD ] x 100
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w42 (Oil red Ostain)
1) k=

Oilred Ostain 5 £ § "q%»% ¢ &> € Hwme? 2 FAF2d >
TR e SR F R F LA e
@ %=

3T3-L1 # #p3skmrz 12 6 x 10% cell/well 22 % & 41 24 well 3
400 B B4 R AR mEREAR LT o B E R 2
DMEM 5 # A4k 15 > 1 PBS SRk 15 > 4 r 1 mL "
(formaldehyde ) # % — /| B> 1 H T mie o % voAEts Ao 3 s ook
Bied =t > 4ex 0.5mL Oilred O 2 &+ & 10 4 45 » %%",ﬁ%i—’]bé*‘fll%é#
MBS KBRS o R A e A ARELT AP PR o £ 4 »
1mL £ 5@ (isopropanol) #3534 % 10 4 &% B3 11 > pl
& 515nm T2 ki o

2% # & (lipid content, %) = [&® 2.2 OD /47 4] 22 OD&] x 100

& B %5 ke ig f2 1% (Lipolysis) 2 iR Z_
1) R

FafRiEt Rdg TG K25 Hah & PFRrg ARz AR > Py s mie ¢
T2 5 MR o v geps (glycerol kinase) s &% £AE I H b o Flt 4
bR ER o FlF D RRRE AR 0 kR KRR
W mRe 2 P fEAT K o
(2) # =

3T3-L1 # a3z 12 6 x 10% cell/well 2 % & B3 24 well 3
AP BV R A R 2w TRk 2 Bl ¥ 1 PBS Bk
8 #-35 % % # = Krebs-Ringer Bicarbonate (KRB) buffer - f pF4c »
kR ZRERIZ 24 ) o 1% B & 2 2 Glycerol kit (GY 105,
Randox, Antrim, UK ) 24735 %% 2 224 % k& - ¥ ¢t » 12 PBS Bt
@A mie Fik2 8 &% > 4~ 120 ul lysis buffer (pH 7.4, 20 mM
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Tris-HCI, 1 mM EDTA, 1% Triton X-100) » & 10 4 45 ‘wm*e 3 fi& >

Rlmre Rl L 15mL kg B ¢ oo Vortexia 3 R
TaEFAZ R A BT (A0W, 10 min)s @ fm e

TR b $7
% > LA £ 113000 % g

4 C g 5 min Bt ik T avaEc ¢ > 3 41% BCA protein kit

( Pierce, Rockford,

mg glycerol/mg protein z_tt & K3 ‘o

IL, USA) A 45 4,

B FRR o #a F 5%

ng Fqﬁ

»z % (Lee et al., 2013) -

Krebs-Ringer Bicarbonate (KRB) buffer gz ;2

B5 £E (¥H) BBER
NaCl 0.79 20 mM
KCI 0.035¢g 4.7 mM
CaClz 0.0244 mL 2.2 mM
MgSOs - 7H.0 0.0295 g 1.2 mM
KH2PO4 0.0163 ¢ 1.2 mM
NaHCOs 021g 25 mM
glucose 0.99¢ 5mM
BSA 2049 2%
#-+ it & A » 80mMLRO K A& pH 3 pH7.45 4o -k = % ¥ 100 mL

Lysis buffer e 2

®& € (BfH) BB kR
Tris-HCI 3.152 g 20 mM
EDTA 0.292 ¢ 1 mM
Triton X-100 1 mL 1%

¥+t #E & A~ 80mLRO-k® @& pH 2
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(#) WA BFE
1.

LBl S e
(1) skt i 2 b0%

PP 5T k#z 2l BALB/Ic o R £ 42 & 5 g W RSA
4 ¢ .« (National Laboratory Animal Center Taiwan R.O.C.) -
iz oL (Laboratory Rodent Diet 5001) g % & ~ ¥ #2 » 4% TR B 3241
WER 25+ 2T ~Ap¥i R 60 £ 10% % & 12 o PRk o
RHFREREEE YD Fike a2 7 & > X 6 BiEFF A
LR T ik BB o B p D BEE AR NER S TR Fesr
AL ks F o

(2) B Fq&uideh e gl 2 = 2
B a4k § k% &
Xkl s H AT ek & B Pp 4kt (Research Diets, D12492) % 4 #% %

-

@ (control group, CON) 4k & — 4 § ‘e

sealln o dk G B Padeifl 15 3F{S o Me il TSR E 03 g e T o
e 30% Mo RFET THY - wmaaF A TRH S L
"54x @ % (high-fat diet group, HF) » % ¢bw %o o )bk & 3 7 40

ok

Pz A E 948 (Cordyceps militaris fruiting body, CM ; 0.1% )
# 5k (black rice, BR 5 10% )~ & & (CBL:2%) %2 % # & (CBH ;
10% ) # & % % 5k % % (Cordyceps militaris fermented black rice
powder) 2 &k o L] Bk p d £ S HApEER L S 0 &
a5 10 FiskpPdg o 7LIE T o APl B AR S R e

'1‘%];
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- Fed
| 3 ok 1 15 i | B a0k &~ 10 iF |

CON : o ¥ maéfl — 5 CON & : o ¥ @t

A HF & 0 bl
CM &: 8 "4 +0.1% A A% F 9 b %
HF & 0§l ——— < BRI F & +10% 44 4 %

CBL & @ B gk +2% A A% % 44 %

\CBH & © & maéif +10% # A% % 4 # %

v

#a# 51009/ week (n=5) =209/ week/permice =
2.86 g/ day / per mice - -] Bl= p A AZ ¥ 5 F Mk AFES F 53.6mg/
2.86 g =0.0036 g /2.86 g =0.0012 =0.12 %

(4) otz gl

- 4§ e &lek & Laboratory Rodent Diet 5001 - #5557 &
6% - # & % 3.34kcallg - % "5 45 E_% Laboratory Rodent Diet 5001
BURLE ik 4e 26.7% R 0 Ta ks B 35% 0 48 & 5.15 keallg -

LER AR 24T
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# &# % (g) Laboratory Rodent Butter (g%# ) (Q)
Diet 5001 (g)

01% A A%+ 548 1 680.7 318.3
10% * ¥ 100 581.7 318.3
2% A B 3% F 20 661.7 318.3
10% A & 3% 5F 100 581.7 318.3

() k2 iR

- AR e RS 12 @i CO, R HEF LSk -
ﬁ%+@iﬁﬁ*%§$@§’*iﬁf%ﬁﬁlﬁ’%iﬁmﬁﬁ
Kt 74 (3000 x g2 20 min) > B~ B w2 ATHCE B fS 0 BT
B0C ki3 oo eF g Aon s S YWY RERR 3
BRI EFMRE MB R R PERARIE S L IR AT T
B X PP % uRpg pE icps (aspartate aminotransferase, AST ) ~ #& Ak i
fié #& *fs (alanine aminotransferase, ALT )~ 7k % % (blood urine nitrogen,
BUN) ~ »+fFfe (creatinine) £ /k% (uric acid) & 5% 74 i¢ 4p i 3=
B HAFE A e

fprpr 7ol Bl 5% (heart) ~ 7% (liver) ~ #-%% (spleen)
TR (kidney) ~ %1 (testis) ~ &% (epididymis) ~ %% 1§ 75 %%
(perirenal fat )~ &) % ?5 %% (epididymal fat ) 2 g% 73 %= (abdominal fat)
FEE (S o PRt SRR BOHRE Rl R s ize st 10% 468 Y H
T3 X {8 @F:sp_f%wz, Poo pie Ay P NERAT
(hematoxylin) f=& %= (eosin) % ¢ (H&E stain) » & 2|3 . B2
BRG o His BE T r L4aRN > g F3° -80C kfauk g * o
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AHRE)RME NFREACAR R EFZHER

(2) LB 2 i B4R R

el BB 2 RERE PR RE LB IER L] B

=
I

5

WP-E o TRREERZALAR

(=) B3A4

F % #cyy ¥ 04 mean + standard deviation (SD) % 57 - & * Statistical
Analysis System ( SAS Institute, Inc., 2000 ) 48 & {7 s34 47 - 7 ANOVA
B ITHRE LI DMK RN S B RERKE p<005 Tit®ITiHE2 AEE

a3 N
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Fri BEiH

-~ FATKFRALFREEEHFH
(=) AAFXEARALFRLIELIR

Wl- A A4S HEFRDTAIWLILZ pH B8 2 §3)
AN ALEREF o HFASHEA10 % 3258 (lag phase) > # A ¥ 7
TEERALATA R CERA L S F %1 1115 A @ A AT FHR
gBiE 4 £ oo P FF B G B2 £ (log phase) i % 15 2 57 F A3
45 FR559.2Tmolg (£- ) SEHEYE > % 15118 AR
R VAT AL G LR T f e S PR B
=T

s L EB A o gt S EFak J) (stationary phase) - Bl= 2 Bl= A~ S 5

%

i

AATE A TR LYPRFHSL L2062 Fo MR AT ERBFGE

ell 2 A AT FHSALRIERT AGBTT AT $ 8432 % 1315 =

o R AT 4G 5 % 15 RZ B AFTRIBLERE S

Ao AR HAP FIBALBIZ AL N2 FEAS 53 algy il
SHEFHRERF A A B L 15X 24 -

v FHIP)F A

BRPBREPL EFAIHEESE L F]F 2 - (Babitha et al,
2007) - imfe 2 4 R & NHE K E FRER P F A ek A HP 2 R
P CPREEL eSS FIERME A AR T Y 2R A PR
FOEGEMA L R E NS FERERNER S A AR gD
I7 Wi RRARATHAAXEKA AT 2 AR pH &0 4 BT
EAEERERG2DC OAATEATEERFZASE S 39.18mglg (%= )
21 20°C Ap © RAFAB R A HF L 375Tmglg (2= )5 a8
BRL30°C HHASFRA T L 87T MY/g ELEFER E€F LAY
Aoz 2 £ oo F]125°C dRIT- MR o F &K R RE O wis Rk

12 25°C s AER -

T
B
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100 10

—e— Biomass

80 1 —°— Final pH value 9
=)
= 60 A
g - 8
2 40 -
S
g -7
o 201

04 - 6

0 2 4 6 8 10 12 14 16 18 20
Incubation time (day)

Bl- A AXTE AN ARTREDRE > 2 FfopH 2%t
Figure 1. The changes of biomass and pH value during the growth of
Cordyceps militaris fermented black rice.

Each value is expressed as mean £ SD (n=3) .

58

Final pH value



Ao AR THFAREEYT > A ST EfopH B2 g1
Table 1. The changes of biomass and pH value during the growth of

Cordyceps militaris fermented black rice.

Day Biomass (mg/g) pH value

4 649 + 0.63E° 592 + 0.01BC
6 587 + 1.51E 5.85 + 0.01CD
8 829 + 2.20E 5.79 + 0.02D
10 1161 + 0.90DE 5.86 + 0.01CD
11 1295 = ~2.74DE 5.83 + 0.02CD
12 16.09 = 1.38CD 5.88 + 0.04CD
13 22.28 + 461C 5.90 + 0.02C
14 5046 + 3.49B 5.66 + 0.06E
15 59.27 = T7.49A 5.68 + 0.13E
17 5748 * 6.81AB 6.06 = 0.02A
18 6298 + 281A 6.00° =+ 0.02AB
19 64.11 + _7.54A 6.02 + 0.11AB

2 Each value is expressed as mean = SD (n =3) . Means with different letters
within a column are significantly different (p <0.05) .
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/-/_'L—__Lr :’_‘

544

B - AATE N ALFBROFL S LEH3 (2 6)
Figure 2. The mycelia growth during solid state fermentation of Cordyceps

militaris fermented black rice (Top) .
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/-/_'LI :’_‘

544 %

Blz ~AAYRF ARFRERDPFLFAHSL LT (Fa)
Figure 3. The mycelia growth during solid state fermentation of Cordyceps

militaris fermented black rice ( Bottom) .
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100 10
Biomass
1 Final pH value | g
80 -
5 -8 S
£ 60 - E
| =
g 40 T L T — L 6 g
2 LL
20 - )
T
0 4
20°C 25°C 30°C

Temperature (°C )

Mz ~ 2 kB2 EREAATH L 25 Fiobl pH 22 3258

Figure 4. Effects of various temperature on biomass and final pH value of

Cordyceps militaris fermented black rice.

Each value is expressed. asmean+ SD (n=3).
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2o RHBECAATRAZASTE AL PDHE
Table 2. Biomass and final pH value of Cordyceps militaris fermented black

rice at various culture conditions.

Biomass (mg/g) ° Final pH value
Temperature (°C)
20 37.57 £ 2.92A 548 + 0.04B
25 39.18 + 9.83A 6.00 = O0.17A
30 870 + 211B 6.08 = 0.04A

Water supplementation (%)

40 2470 + 4.48C 6.07 * 0.12A
50 62.58 + 13.30B 6.03 + 0.02AB
60 79.94 + 538A 548 + 0.06D
70 57.78 + 13.34B 561 + 0.07C
80 2263 + 4.14C 592 + 0.02B
Inoculation rate ( mL )

2 28.17 +  2.86B 6.20 + 0.06A
3 39.85 + 12.28B 595 + 0.03B
4 64.60 = 14.43A 6.17 + 0.02A
5 2897 + 9.41B 6.16 + 0.05A
Nitrogen source (1%)

Control 39.75 + 11.41B 6.03 = 0.02B
Yeast extract 35.89 + 3.66B 6.12 + 0.07B
Soybean meal 56.59 + 11.24A 6.27 = 0.12A
Peptone 4440 = 7.49B 6.06 = 0.05B
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( Continued )

Carbon source (1% )

Control 39.75 = 11.41A 6.03 = 0.02A
Sucrose 36.06 =+ 1.27A 6.08 * 0.06A
Glucose 4715 = 6.87A 6.03 = 0.05A
Lactose 38.75 + 10.24A 588 + 0.02B
Fructose 4399 * 2.55A 6.06 * 0.07A
Mineral (0.5% )

Control 39.75 .+ 11.41B 6.03 = 0.02B
KH2PO4 42.80. + 8.38B 585 + 0.02C
K2HPO4 5453 + 7.65AB 6.25 = 0.03A
MgSQO4- 7H20 61.90 = 10.66A 6.07 + 0.08B

2 Each value is expressed as mean + SD (n=3) . Means with different letters

within a column are significantly different (p<0.05) .
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(=) kagp+t

FEREAEY 2 RA FRIREHA A EZ A¥Z F LR Fal
ALY BT ek A R o e d 0T RO Rk A A K
# (Nigam and Pandey, 2009; Pandey, 2003) - /% & + (2003) :}ﬁ E i
AR kAR S 40-80%2 B ok FREHEFA L AL o BT
?%.E'ir’fkév\if]:%fé_% 60%FF > A AXR KA 2 EFERE > EEBAF TR
79.94mg/g(& = )ik A4 £ 5 50%2 700 2 0 # 4 4 4 B 5 62.58
2 57.78mglg (£= ) @ % -kAF4c® 5 40%PF ¥ o FIRE X B0 R

E

RAAT AN F B KL E S BAFHFEL 2470 mglg; ¥ kA
5,’1‘ v® & 80%PFF BV ar FIAE -~ iBabfE 0 R F A A R FGEA LS
% 24 %@EE 22.63mglg r-t;‘*%fi%%?](&;‘;’]z%tiﬁfi% 60% -
(z) #AL

B (2003) 45 M1~ 4@ 3 FIAE FEA S8 R A 2 B F T 5 10~15% o
A 5% (2005) 4 R R PG @ AT A oKEH S @ B S AR
FHASHEL P AT KA AERFFEREF a2 R s 25mL> ¥ kA
c 5 60% 3 259C T %15 % 0 d WA T EF ok RFE L 4mL
B4 45 64.60 mg/g (&) #ERESF DS 125% & (2003) 2
kAP e A ERFAE S 2mML e FdeFHE o B A1 15 A T i
A2 P2 BB B2 R2EL 2817 mg/ge 2ttt FRATE
mL

r‘é’ g
S PEA kb 5 2897 mglgc dERl R FIE AL S 15 XA PpF o C B
HAEHEEF LY FHP TR EAIREZ AL RERI T T S o
i) %k

LJ‘“%‘AJ]??]‘F& '/}f:‘l;—ﬁ-’fﬁ’%\'gkéﬁ&‘fﬁaiﬁ»w Fehil & 4 o F
Bk Ris o FME S £ gRO B SERE S A FF AR
P o3& AP a2 BB A € Tlgcre b 5 pEeng = (Taurhesia and McNeil,
1994) o AFTF fd B I H K B AP A Bk 1% 2 kv R
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Figure 5. Effects of various content of water supplementation on biomass
and final pH value of Cordyceps militaris fermented black rice.

Each value is expressed as mean + SD (n=3) .
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Figure 6. Effects of various inoculation value on biomass and final pH value
of Cordyceps militaris fermented black rice.

Each value is expressed as mean + SD (n=3) .
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(peptone) -~ # &3 (soybean meal) % fiz* % P-4 (yeast extract) ¥ 3

FhoOFHEHAATFSHMALZ P A WS FRUG R 2R DL
%%ﬁ&%’iﬁﬁé&mmm@(i:),a@ﬁ}émakﬁfﬁﬁ
Afler g FLR AR FEBA LA, AT AUNME A
AP F et 2 39 ik (soybean meal juice) 7 Hf4e st A 2 £ (Xie
et al., 2009) -

(=) ®R&

Pt e A Gmprad gatkb B ST TR L
FUEEMREsEH 4 £ (Baeetal.; 2001; Baeetal., 2000) - d BN %%+
%»%ﬁi%%ﬁﬂ%%uﬁﬁﬁgﬁéﬁ%avwﬂé4#?§4H5
molg (=) REHURREEZ P e BHFLE BT HEFY itz
BRRE RA0 F B AACH B R -

EPRFLGH L BB M IR wR I AL 2SS
AT AFREE L R LRSI A HE S FR R ADPTE T A RSB
B RGEFH A R (F02001) 0 7 B Hdp AT S 45 40 2 e chdy
&% & B3+ ¥ {EEs 2 £ (Jonathanand Fasidi; 2001) - d B4 &%+
fo b MOSOa THO A A S A AR 47 > v EFH LA 3 F 7 3
£ (61.90 mg/g) (# = ) ¥ (1999) 4p disp & A ¥ 4eif sedEf 150
GAE O BAFHEEHN T FAT LA FENRERS ARR Y
AF F AP F 4 KHPOs 2 MgSOs7TH0 % 7 34
(Kangetal., 2014) « i 4x KHoPOs 2 KoHPOs B2 47 J7 4 £ 5 4 2 22

A AT R AR AL R ER S 60% kif AR
AmL £FE R F 2B 5§ K ~MgSOs-7TH0 5 T8 » % 25°C
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Figure 7. Effects of various nitrogen sources on biomass and final pH value

of Cordyceps militaris fermented black rice.

Each value is expressed as mean+ SD (n=3) .
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Figure 8. Effects of various carbon sources on biomass and final pH value
Cordyceps militaris fermented black rice.

Each value is expressed as mean + SD (n=3) .

70

Final pH value



100 10
Biomass
C— Final pHvalue | g
80 -
g il - 8
£ 60 |
” - - -
S
g 40 A
2 - 6
20 A )
0 4

Control KH,PO, K;HPO, MgSO,

Mineral source

B4 -7 FRBRG e BT HA LS Fiod & pH E2 F5F

Figure 9. Effects of various mineral on biomass and final pH value of

Cordyceps militaris fermented black rice.

Each value is expressed as mean+ SD (n=3) .
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N L
(=) k&
AATEE S EL AT ASEE ML ks 7 E 455 543

10.83 593 % 6.90% (% =) - - #&m 3 Fuph icis 2k~ 7 £ 5 5-20%

(Breene, 1990) - & S ik fcfé 2 FHFASHE kA 2 22 F W5
2.2-10.3% (% > 2002 ; »2002) - BEGH kAL ZEZATFIRRZ
REBRBRZEAZRAE VAR AL FAE FRELT ERTHLML

ka7 & (% > 2000)

(=) Bkt EF

FLRIC S P SaFRE A B A A2 — 0 K1k 40-70% (4 " 0 2004) 0 A
BEEGME 3R E5 5 R 5 5330 2 51620 (4 =)
FoMoat B 8 F (79.05%) % %K (75.09% ) -

F—

(z) kiA
FE A G 500°C AR A2 AT S AR I AR 2 %A
Wiz s o = BIGHEA S 2R 5-16% 0 B4 G 0 TG
Bi~Bo~ jrdkpe® (kB o8 51997 ) d &= F oot X3 F kA
A7 BB 5 589% 0 &R HFSNE (291%) * A X KK (
C(161%) > mrp AR A A A S S RME FAH2 725 5.94%2
3.15% (Huang et al., 2006) > & A&7 & 175 % 49

(—x\

() REBF
E,ﬁ-/%"&’}\ e ¥ /%"‘f\,/’ 7% C ]ﬁy;:l;- ’lﬁk‘,/\gfl 7_ it A\#‘W « fiT A j'zv;ﬁ;_ﬁ F])?r

(= »2004) - SRS i S S - - B P I IR <
g E (229 01990) - g2 A F 29552 1.1-83%

(Crisan and Sands, 1978) > d % = ¥ sat ﬁf*ﬁ]:@i‘:%ﬁ#ﬁﬂ’?a TEERB
8.46% > 2B &+ 34 (3.96% ) A A F %K (3.91%) % ¥ F (3.52%) -
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Table 3. Proximate composition of Cordyceps militaris fruiting body,

mycelia, black rice and Cordyceps militaris fermented black rice.

Content® (%)

Component CBP® Black rice Mycelia Fruiting body

Moisture 5.43+0.13D¢10.83 £ 0.13A - 593+ 0.05C 6.90+ 0.12B
Dry matter 94,57 + 0.13A 89.17+0.13D 94.07 + 0.05B 93.10 + 0.12C
Carbohydrate 79.05 + 0.10A 75.09 + 0.40B 53.30+ 1.08C 51.62 + 0.36D
Crude ash 194+ 0.01C 161+0.01D 291+0.01B 5.89+0.02A
Crude fat 391+0.02B 3.52+0.16B 8.46+0.84A 3.96+0.11B
Crude protein  9.67 £0.07C  9.14+ 0.03D 20.46+ 0.02B 22.11 + 0.12A

2 Moisture and dry matter were presented on air-dried weight basis, other were
presented on dry weight basis.

b CB, Cordyceps militaris fermented black rice.

¢ Each value is expressed as mean = SD (n = 3) . Means with different letters

within a row are significantly different (p <0.05) .
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ROz X ERFLE - FIHINFATZ AT T 295
2.93-9.09% (5% > 1996 ; % > 1997) > ¥2 A ¥ S 4p 1 o

R R B Z £ 2 A47a & )% oL 2 (Kjeldahl method ) > 7 #

i 162 F5d § 3k ihdc (N conversion factor) 4% & dije 30 F 2 £
PR FEA 1 RO T e 22 & A % N-acetyl-glucosamine F & #
PR B F G EY A RFHH DT EE 0 = F i 4.38
(Crisanand Sands, 1978 ) it {7 v 2 £ 2.3 5 od 2 =27 Z ¥ 3 9
Wip v B F 5 2211% kA5 AA I F I (2046%) > B %
A+ (9.67%) > % # (9.14%)s — 4 &% 352 F=v F 5 ¥ 4 15.4-26.7% (Yang
etal., 2001) > & * i 3 4.2-7.92% (Mau et al., 2001) - 7= 5 #~ F 4p 148 H &
AT EIEM Y 5B 5 2573-30.40% (&% - 1996 ; % - 1997)
7588 5 14.8-29.12%  (Changetal., 2001) » & A% 7 ~ #7585 % 43T o

Z o~ ARERFTAR
(=) "% (Adenosine)

ML H - A 5 AT EY RilE hd-fa+A > &5 8560
#ow 7ig = el i (Gomes et al, 2011) ~ 3 & n B HFEefIE AP 5
(Tabrizchi and Bedi, 2001) -~ +f [# j@m % i (Regina Vinad’e et al., 2003) %
B # (Carlezon et al., 2005) % # »z -

ﬁit%%?%%ﬂiﬁﬁ@ﬂiﬁﬁ%i%ﬁ§§(4mew’@
BiFg4 (1L79mg/g)~ & A% %k (014mglg): @ % ¢ & A o
FoH e EY EHALS A S ,H,T{“'”‘ ¥ 85 L v $¥H (34.43 mglg)
(£ >2009) >34 (1.83 mg/lg) (% »2014) >%+% & (0.25 mg/g)
(>2008) >H-3 % (0.18mg/g) (£ -2006) > & ¥ % + (0.14 mg/g)
> g %ok (0.04mglg) (3% >2005) > A B % %4 2 F 7 £ R AT -
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A HAAFFFH AN BN EAATER L AT E H B

FEHER@E E

Table 4. Contents of adenosine, cordycepin, mannitol, polysaccharide,
anthocyanins and flavonoid in Cordyceps militaris fruiting body, mycelia,

black rice and Cordyceps militaris fermented black rice

Content® (mg/g)

CBP® Black rice Mycelia  Fruiting body

Adenosine 0.14+0.02C nd ¢ 414+ 0.20A 1.79+0.20B
Cordycepin 0.08 £ 0.01C nd 0.36+0.01B 6.71+ 0.25A
Mannitol 3.45+ 0.33C nd 8.64+0.17B 13.64 £ 0.28A

Polysaccharide 54.40+ 9.58B 30.68 + 1.46C 47.97 + 2.58B 81.81 + 2.40A
Anthocyanins nd 1.50 £ 0.05C nd nd
Total flavonoid 0.75£0.11B 1.67+0.14A 0.61+0.05B 1.44+0.13A

2 Each value is expressed as mean + SD (n = 3) . Means with different letters
within a row are significantly different (p<0.05) .
b CB, Cordyceps militaris fermented black rice.

¢ Not detected.
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(=) &% % (Cordycepin)

AXFLATHY 3 2o g L (Kimetal, 2006) ~ 4
+x ] F BB (Choetal, 2007) ~ *# x 5 (Guoetal., 2010) ~ 4] 56 s ‘m
¢ 4 £ (Baiketal, 2012) % & jFp# 1253F5 14 (Chaetal., 2013) & 5 7%

d i S5l Bi 3 %*’"‘”ﬁ 2Z %22 853% 5 6.71mglg &
B & Fsetg (0.36mg/g) ~ A A E % F (0.04mg/g) > @ ¥ 4 ¢ I Ak o
FOUBWEY I AFALRAASPY AT FZ TR S A AT %K (0.04
mg/g) > & % s (0.005 mg/lg) (5% >2005) A A ¥ % b2 AKX Z 583

(z) 4 #&#m (Mannitol)

H R AL S D4R G DEL a2 - 0 L
A ko I SRR RN B R %#a@ in R i
o~ iJog\ CEEG A RIS FOEPTH G EEF > TT VLS
r‘%;,l v (& > 2004) -

d e 857t AT M2 4 ZEREZ 258 5 1364 mglg &
B 5 Fsetl (864 mglg)~ 4 3% X (345mglg) s m %K P & A4k o
SHBEY I ARLPRCASAY CHERBEZERAE SRS T
(64.50 mglg) (+ »2008) > o5 5% s (11.99mg/g) (£ > 2009) >
&% (4.98mg/g) (4 >2008) >4 & % % (3.45mg/g) > & ¥ + (0.69
mg/g) (3% > 2005) >E{=sF (0.12mglg) (% - 2014) -

(2 ) %@ (Polysaccharide)

ST AT BUMEL LA > d HpREa 2 HF AT S o
SHEF ML RSB AR CFURR  Fupd ¥R (455 2010)
L Ap i SE SpE kit eadng v (Lietal, 2010; Linetal., 2012) ~
Frd s (Kimetal., 2010; Lee and Hong, 2011 ) ~ im)}%af (Ohta et al., 2007 )
5 4. % (Wangetal., 2012) % # »c -

W
=&
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dEArREV A AR 2 RS2 IpEz £ (81.81mglg) e

B A A A EH (544 mglg)- 75 (47.97 mg/g ) £ % 5t (30.68 mg/g) e
FRALEY L AFLRAASY 0 SPEZERRE A AT KK (544
mg/g) > v ¥EE %25 5 (40.61 mg/g) (¥ »2009) > 45 & (18.04 mg/g)
(4% -2008) >3-t (431 mg/g) (k& »2014) >4 5 3 (3.65 mg/g)

(# »2008) >H#3 3 (1.42mglg) (£ » 2006) -

() ##+# (Anthocyanins)

T Fsfed 2 - S @by A3 Ry @A (Kongetal., 2003)°
FAE L~ vk B R  Ie R PEER AR R~ ]ty R SR e g L g
Z s o SRR o E 4 (Belkebir and
Benhassaine-Kesri, 2013; Huang et al., 2014; Jayaprakasam et al., 2006; Tsuda
et al., 2003; Valenti etal., 2013; Wallace, 2011) o d & = 2% k7 % ¢ 7 i
7% 15mglg> 7 H A & E Kk e

) ¥ g3 (Flavonoid)
TS SRt d 20 AfEf L D I RHAES 0 B ANk
LgEEE ey o P dp 5 ik 4F S ok (Prasad et al., 2010)

(=

FEFow m ? P /,% (Hodgson, 2008; Peterson et al., 2012) ~ ik 2 #
(Kliebenstein, 2004) 2 4] ROS 2 4 (Agati et al., 2013; Stolarzewicz et al.,
2013)% 2 Wigf o d AE BEET ALK I RIZEME S B (167
mg/g): B iAAETFFH (L44mglg)~ A A E %K (0.75mglg) £ F
si48 (061 mglg) - 73 AT dp A A X FSE y- st B 0 Ho AR
EPhp2 F Mz £ 5 088mglg (+k°2014)-
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p 3T3-L1 % %g 9% tm¥e 2_ §8 ¢t S BN
(=) 3T3-L1#% % 9nimme 575 % Bl 2
1 AAXF AL LEERP (CMFW) 4 3T3-L1 % " %pime 55 5 2

S

r1 3k B 0-250 pg/mL CMFW /i@ 3T3-L1 # % 9 fme > & 32 % 24 ~ 48
% 720 B ts 2 MTT assay ] €m ¥ 75 56 5 o & % 4o 10 A 8 = CMFW
f kB kR 250 ng/mL pF » 3T3-L1 % P58k fm¥e 15 05 5 2 < 3> 80% » 1§ ot
POER T H 3T3-LL w g iaime 2 B A M wfs FF SkiEH 250 pg/mL 1
T () R
2. M AFRAHMAKTEH (CMMW) $ 3T3-L1 7 7 9 i ve 5 75 5 2

vk B 0-250 pg/mL CMMW e 3T3-L1 7 5 4 s e > B 2 H ke 77
&% o % 4o ] 10 BAE 7 CMMW. Ade B ok & 250 pg/mL pFim e w5 & & (9
L3 80%  FAarh Lt E R T H 3T3-L1 w fginimie 2 B A M iE R %
E4E 250 pg/mL T (F) AT o
3. %44 Kk (BRW) ¢ fi 55t (BRE) #F 3T3-L1 7 #5975 km¥e 13 7%

,\-\«

£S5

vk B 0-250 pg/mL BRW ¥ BRE /&2 3T3-L1 7 #g 8% mbe » p| T H
w3 E S o B% ks BRW (W11 A) »*BRE(H 11 B) 53 kR
250 pg/mL T fne 5 iE o 4 22 80%: @ 40s ¥ btk R T & 3T3-LL % %
e A B A M itk EHE250pug/mL 0T (7)) A ARIE
4, FHEITE L LK (CBW) 222 i 5 B4 (CBE) % 3T3-L1 # 3% im

(CAERCR A -2 4

123k B 0-250 pg/mL CBW 2 CBE Au® 3T3-L1 % 3%k > pl % 8
e F S S o Z %k CBW(H 12A) *» CBE(W 12B) 5§ k& 250
ng/mL T e i S g S 0 80% > 4ed ¥ oyt kR T $ 3T3-LL W 50
R A R AW RSk ERE 250 ug/mL 1T (F) i AR
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Figure 10. Cytotoxic effects of (A) CMFWand (B) CMMW in 3T3-L1
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iRimre 2o R AR d 1S LR e o TV R R IR 2 ) e
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WA > AL VR4 RSB ETFN LG AT RERE me ki
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ODs;5 ©

W+ = 55 CMFW &2 CMMW &2 {6 4] * BB B2 ™ 2 FiR R
HobF2 g & A mEFlE MDI jedpit i £t 2% g m
CMFW %k B 62.5-250 pg/mL & * F #rdl2c% > @ 62.5 ¢ 125 pg/mL #v
F2e% B (WL 2z ); CMMW. &k B 62.5-250 ug/mL ™ ¢ & #rd]2c % (@
- » )-Shimada % + (2008 )% 3 dp dbo £ % FSE-KE 4 & 0.05-0.2%
BT AT 3T3-L1 % g irim e (SR (70 sk > R F R AL LN &
Vg R o 2 fcgp v R R Bl R AT RY
SAP# o WL T 5 5 BRW &2 BRE g s 1% Bilcdt L% T 2 I
TH G F 2 BB A G B F g MDI SAp st R b BB
BRW %k & 62.5-250 pg/mbL.F ¥ 5 #radlscdk o+ @ 250 pg/mL #r4)sc% 5
#(W-++ );BRE %k A 62.5-125 pg/mL = 3 48 F Fr4]22% > @ 250 ug/mL
Edrfesk (W42 ) W+ - 55 CBW & CBE rJZ s 1% RSB R
Tl R RERE B F 2 BE & A G RE MDI ept g Rt g g
£ it %% 5o CBW Ak & 62.5-250 pg/mL = & 5 #rdlsc%k > @ 62.5 pg/mL
pralrcsk 45 (WL~ )5 CBE &k & 62.5-250 ng/mL = % 5 e >
@ 250 pg/mL Fri)2c % B4F (WL~ )

B;‘E’,’r’t)%

FEE RS AT MARE S A AT FBE K
P A kB BERE R FATE AL kS B

AR LERANTIR S I - T S
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MDI CMFW 62.5 ng/mL CMFW 125 pg/mL

 CMFW 250 pg/mL CMMW 62.5 pug/mL CMMW 125 pg/mL

CMMW 250 ug/mL

Bl =~ ua A%+ F 8 F M4 R P 5 g 3T3-L1 50 7 3k ve
WA SR R TR R R F A

Figure 13. Effects of CMFW and CMMW on lipid accumulation during
3T3-L1 preadipocytes differentiation. After 9 days treatment, the levels of

lipid accumulation were determined by Oil red O staining.
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Figure 14. Effects of CMFW and CMMW on lipid accumulation during
3T3-L1 preadipocytes differentiation. After 9 days treatment, the levels of
lipid accumulation were determined by Oil red O staining and quantified
by detecting the absorbance of isopropanol-eluted supernatant at 515 nm
by ELISA reader.
Each value is expressed as mean = SD (n=3) .

* p<0.05, mean values were significantly different from MDI group.
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BRE 125 pg/mL

E 250 pg/mL
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Figure 15. Effects of BRW and BRE on lipid-accumulation during 3T3-L1
preadipocytes differentiation. After 9 days treatment, the levels of lipid

accumulation were determined by Oil red O staining.
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Figure 16. Effects of BRW and BRE on lipid accumulation during 3T3-L1
preadipocytes differentiation. After 9 days treatment, the levels of lipid
accumulation were determined by Oil red O staining and quantified by
detecting the absorbance of isopropanol-eluted supernatant at 515 nm by
ELISA reader.
Each value is expressed as mean = SD (n=3) .

* p<0.05, mean values were significantly different from MDI group.
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Figure 17. Effects of CBW and CBE on lipid accumulation during 3T3-L1
preadipocytes differentiation. After 9 days treatment, the levels of lipid

accumulation were determined by Oil red O staining.
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Figure 18. Effects of CBW and CBE on lipid accumulation during 3T3-L1
preadipocytes differentiation. After 9 days treatment, the levels of lipid
accumulation were determined by Oil red O staining and quantified by
detecting the absorbance of isopropanol-eluted supernatant at 515 nm by

ELISA reader.
Each value is expressed as mean = SD (n=3) .

* p<0.05, mean values were significantly different from MDI group.
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Figure 19. Effects of CMFW and CMMW on lipolysis-activity in 3T3-L1
preadipocytes differentiation-at 9 days.
Each value is expressed as mean £ SD (n=3)

* p<0.05, mean values were significantly different from MDI group.
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Figure 20. Effects of BRW and BRE on lipolysis activity in 3T3-L1
preadipocytes differentiation at 9 days.
Each value is expressed as- mean + SD (n=3)

* p<0.05, mean values were significantly different from MDI group.
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Figure 21. Effects of CBW and CBE on lipolysis activity in 3T3-L1
preadipocytes differentiation at 9 days.
Each value is expressed as- mean + SD (n=3)

* p<0.05, mean values were significantly different from MDI group.
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Figure 22. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on body weights of
high-fat diet BALB/c mice during 10 weeks:

Values are expressed as mean + SD (n=7)
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Table 5. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on food intake and

10" week of body weight of high-fat diet BALB/c mice.

Group  Food intake (g/day mice) 10" week of body weight (g)

CON? 4,54 + 0.40A" 29.41 +0.72C
HF 2.64 £ 0.10C 39.10+ 1.17A
CM 3.13+0.45B 37.13 + 1.18B
BR 2.80 + 0.28BC 35.89 = 2.02B
CBL 2.99 £ 0.43B 36.21+ 1.43B
CBH 2.95+0.31BC 36.06 + 1.08B

2 CON, control; HF, high fat diet; CM, Cordyceps militaris fruiting body;

BR, black rice; CBL, 2% Cordyceps militaris fermented black rice.

CBH, 10% Cordyceps militaris fermented black rice.

b \alues are expressed as mean + SD(n=7). Means with different letters within

a row are significantly different (p<0.05) .
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Figure 23. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on (A ) fat pad and
(B) body fat ratio of high-fat diet BALB/c mice. Values are expressed
as mean + SD (n=7) . Means with different letters within a row are

significantly different (p <0.05)
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vEMFLE O RK2 ¥ keI 2 o) Bk i 4p # (Johnson-Delaney, 1996)
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Table 8. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on fatty liver scores of

high-fat diet BALB/c mice

Histopathologic score of livers!

Group NO. Fatty liver Micro-vesicles Macro-vesicles
(general degree)

CON 7 39+16 39116 19+0.8
HF 7 5.0 £0.0 5.0+ 0.0 4.0+0.0
CM 7 3.1+1.12 2.3+ 2182 2.3+0.5%
BR 7 49+0.3 49+0.3 2.1+0.3%
CBL 7 2.1+15% 16+15°2 19+122
CBH 7 3.6 0.9 3.6+0.9? 2.6+ 0.5%

! Degree of lesions was graded from one to five depending on severity:

1 = minimal (< 1%); 2 = slight (1-25%); 3 = moderate (26-50%);

4 =moderate/severe (51-75%); 5 = severe/high (76-100%)

2 The final numerical score was calculated by dividing the sum of the number
per grade of affected mice by the total number of examined mice.

* Statistically significant difference between CON and treated groups at p<0.05.

a Statistically significant difference between HF and treated groups at p<0.05.
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Figure 24. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on histopathological
alterations of liver in high-fat diet BALB/c mice.

H&E stain, 200x. Scale bar = 50 um
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Figure 25. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on histopathological
alterations of epididymal fat cell size in high-fat diet BALB/c mice.
H&E stain, 200x. Scale bar = 50 um
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Figure 26. Compared high-fat diet group with Cordyceps militaris fruiting
body, black rice and Cordyceps militaris fermented black rice powder and
positive control group on histograms distribution of adipocytes

cross-sectional area from BALB/c mice.
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Figure 27. Effects of Cordyceps militaris fruiting body, black rice and
Cordyceps militaris fermented black rice powder on histopathological
alterations of kidney in high-fat diet BALB/c mice.

H&E stain, 400x. Scale bar = 30 um
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