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Development of high quality
Cynanchum wilfordii Hemsley foods
products and mechanistic elucidation
of its antioxidant activity
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SUMMARY
(P78 FE)

Cynanchum wilfordii Hemsley has been utilized in the Korean traditioanal
remedies and the beneficial effects of Cynanchum wilfordii Hemsley has
been to be manifested through the long-period of continuos use. Cynanchum
wilfordii Hemsley was recently permitted to be used as a GRAS materials
by the revesion of the Korean food regulationas, whereas it had been only
prrmitted as a minor food componet before the revision of the regulation
concerned. Therfore an active product development using Cynanchum
wilfordii Hemsley will be expected.

The market value and the kinds of new functional food materials grew 5-fold
and from 22 types to 25 types, respecively, from 1994 to 1999 and in Korea. On
the other hand, there were 15-fold growth of market value and expansion of
functioan! food materials from 78 to 900 during the same period in USA.
Therefore it will be necessary to advocate the excellency of Cynanchum wilfordii
Hemsley to abroad and protect our natural resources from being exploited by
the foreign coﬁntries. In this context, it is important to do reserch on the
functional components of Cynanchum wilfordii Hemsley and develop value-added
Cynanchum wilfordii Hemsley products.

The root of Cynanchum wilfordii Hemsley (CWH) has been used as a
herbal medicine in Asia and studied for its antioxidative capacity and
prevention of constipation. The fermentation of CWH with probiotic lactic
acid bacteria may improve its application as functional food and sensory
value of the product. To investigate the possibility of developing
lactic-fermented CWH as a functional food, we performed an optimization

for the fermentation process to produce a fermented drink from CWH using



probiotic lactic-fermented CWH. For the fermentation, the microorganisms
were grown in CWH extract for 48 hr. During various fermentation periods,
changes in the contents of lactic acid, acetic acid, pH, and viable cell counts
were measured. Lactobacillus casei , Lactobacillus bulgaricus , Lactocillus
acidophilus, Streptococcus thermophillus th-3, Bifidobacterium spp. CH-Z,
CW=-133, CW-155 grew up to 108 CFU/m{ in 7 %

CWH extract medium. Especially, Bifidobacterium spp. CH-2 showed high
viability and Lactobacillus casei, streptococcus thermophillus th-3 showed
high productivity of lactic acid and viability during fermentation. These
results suggest that Cynanchum wilfordii Hemsley may be a suitable
material for the production of lactic-fermented functional foods.

Antioxidants present in different plants are known to possess to retard
aging process and to reduce cellular oxidative stresses. To acquire additional
values, physiological activities of minor components in these plants require
firm scientific evidences for their functions. Cynanchum wilfordii Hemsley
has been used for centuries as a tonic nutraceutical in China and Korea.
This plant has been known to possess an advantage of anti-aging effect.
Overall objectives of this study were to allow additional values to
Cynanchum wilfordii Hemsley as a supplier of  functional food components,
and to develope nutritionally and economically well designed health food
products from Cynanchum wilfordii Hemsley. To achieve above objectives,
the efficacy of Cynanchum wilfordii Hemsley as antioxidants was studies in
a series of in vitro and in vitro investigations.

Water, ash, fat and protein contents of Cynanchum wilfordii Hemsley used
in our study were 9.06%, 3.07%, 191%, and 21.01%, respectively. Reducing
sugar contents of Cynanchum wilfordii Hemsley were 0.53% fructose, 0.78%
glucose, 1'3.30% sucrose, and 0.59% maltose. Mineral contents were 31.40
mg/L. Mg, 5.04mg/I. Na, 2630mg/L K, and 3874mg/L. Ca. With
considerations of their physical and chemical characteristics, tablets, tea

granules, tea bags, liquid concentrates, and soup base are developed. The



manufacturing procedure for these is established, and the products are in the
market Youngju Nonghyup as the producer.

Powered sample of Cynanchum uwilfordii Hemsley was fractioned using
different organic solvents. Each fraction was tested for their in vitro
electron-donating ability{EDA) and inhibitory activity against lipid peroxide
formation. EDA of extracts was in order of ascorbate>chloroform
extract>ethtylacetate extract >buthanol extract. In PC 12 cells as a model of
neuron cells, chloroform extract of Cynanchum wilfordii Hemsley reduced
lipid peroxide formation, while the activity and protein levels of superoxide
dismutase(SOD) were elevated. To identify antioxidant components from the
chloroform extract of Cynanchum wilfordii Hemsley, LC-MS analysis was
performed, and the C6-C3-C6 dimeric isomers(MW 480) are identified as
possible antioxidants. We also determined the effect of extracts on ex vivo
LDL oxidation induced by Cu®' in rats fed control of high fat diet. Results
indicated that LDL oxidation and tissue lipid peroxide were increased in
groups fed high fat diet. However, rats fed the HF+extract showed a
significantly lower levels of brain tissue lipid peroxide compared to those in
the control rats. The subchronic toxicities of Cynanchum wilfordii Hemsley
were measured to determine the likely toxicity for humans. Rats were
gavaged with 3mg/100g bw/day, 5mg/100g bw/day (ethylacetate fraction) or
5mg/100g bw/ day(water fraction) for 13 wk. Results suggest that no
observable toxic effect was found based on hematology and blood chemistry.
In a following study, to examine the effects of fermented Cynanchum
wilfordii Hemsley on colon carcinogenesis, male F344 rats were injected
with AOM(15mg/kg bw) weekly for two weeks. Results showed that
Cynanchum uwilfordii Hemsley water extract suppresses the development of
aberrant crypt foci, indicating Cynanchum wilfordii Hemsley is a possible
preventive agent in early stage of colon carcinogenesis. However, fermented
Cynanchum wilfordii Hemsley diet did not have significant effects. Finally,

we performed a human intervention study using crossover design. Healthy



volunteers(n=17) were recruited. Subjects were randomly divided into 2
groups of 9 females and 8 females. One group of subjects consumed the
Cynanchum wilfordii Hemsley for 7 days while the other group consumed
the placebo. After one week of wash-out period, the 2 groups were switched
for treatments. Results showed that Cynanchum wilfordii Hemsley
supplementation significantly decreased LDL-oxidation comparison with the
placebo supplementation.

In conclusion, Cynanchum wilfordii Hemsley is shown the possess
antioxidative properties reducing lipid oxidation both in animals and humans.
Also, Cynanchum wilfordii Hemsley did not possess possible subchronic
toxicity implying it is a good candidate material for functional food

development.

In this study we performed basic studies to assess antioxidative properties and
improve beneficial functions of the Cynanchum wilfordii Hemsley which is ane
of the Korean traditional herbal medicines. Our present research results will
provide sound scientific basis to develop Cynanchum uwilfordii Hemsley as a
functional food products.
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JBY FATL FEAFE AL S dde AF BOAS] QoI )
$ 22893 ¥ 4+ 93 BIFIDUS #& H2% #47 8450
#87t A% FAT Aoz At AL UeW 2e Age TAS Fx
21t
L @39 448 FNol FH AFHHRA 248 GLHEF WP
o] 19959 WA 4912 PARAR(ME ; 19759, 109) FF FE3 F7H7}
A4sn EW, ANY B FAEAS WY BY9F FHE TadE
Abgrel of 300%tH oz FAHY,

/E}

2. A2 =75 Agel g We 5o 7)eH o, Al Fof e
]

al
3. 4% g BA THAAQ BHo RAHE AFAA H4F u
2R UA, ¢ w7k F4A I8 %] AF AR FAAE YEA
29 fATd Beyel Frsm g

setete] FU F 29 AZel GF AR AF HES 199690 7.1%
A4 2010 Mol 115%2 2712 Acz d2sy @4 el AW e
W gofstel B AFL £90l Een e WAl - wIA goz
ooty FEAQ =How BAAFY FA HF S} @k,

i

¢

H 5 AH A AR TE A4F (D9 A9) (FFEAAE A9

T8 1996 2000 2010
T F 28 AE A) 145,689 189,167 318,865
A AR Y 7E (B) 10,465 15,752 36,366
Ad A A% HE (B/A) 7.1% 8.3% 11.5%

ol B4E Aoz Adut R ¥ AFANE FF AN A
QHFT w9l el F8 AdoE AgAE F AT 54 B3 AU
BN F AE AP FAT% AELAS 2GSRI AZE §3 T 4
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AUt kstu o R BANFo TS A s stn AT
shel d&ol $ATE Folt mAR ASe) wek AW Fde] Fagol
3290 ga FAEE LA & =A% 3F AE ALE Bt L 4A
wAle 253 44 NP+ Qoe FHE Ao

2 d7dME 2 B 9o 2 43¢ 7uY JAE T 4 9
9% A7 ZEE

= AT A HEE Aite x=A8& BF AFoldE F =
dARsh olgh 2L 2 AT NRE A=E 4FFelxn B 4L 8, &
TE AAE TEHHHA7 WEA JHAA AHE AE F Q& Relth 2 A
BoMe =AF9 &9 Ho 4 EAZ 2A FUse 53 =9¥L 1A

=9 JAF7F F7hEA =9 Ao i@ 277 A FUHEY

a
&

=9 A7 ARG ALdF FIt
—Ad o ) B Edo Ft
—H G759 ok

—a37]5e 2

=2 A uje] F7t

—=e] d3F

Aol 54 At F71

HEEY =92 ¥ A% ol Jenz x4 FF HEL J)FA AF
o dEF & Eofelrt. BIFIDUS % /T g ol&dte dAY Tafe A
Fol T3t due HYsA dAE Aoz fYvddE $o £3-FE
GEA LHAANA Yoprpr] A AT =Ho] a7HT Ytk WTO AA shell A
TAE A ez FUhe AEAd 2AF T FAE AR vXE 9
FE HEZ ¥ F e FW AR el A3 da. &4 732, §4,
T, F 59 AAF T AH F2E T o2y U AT NHo] 4
st o1& AT 7HE AF §Aol AF3 23dT FF A Yol dgH

L

T stred U FhgdTE A2E FHY A AP0 AFs
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strod Fwd FEHNES FFY F 11% AER Budo gloen o
FTHEE anthraquinone 332 F emodin, physcion 3 AEAH2HE 4
-sitosterol ¥ ®¥iZFA 3} E< stilbene glycoside®, lecithine §°] Ut
BHUE B% dEEE FEFIF TS etherdt B HM3IH ether FoAA
anthraquinone 3td&3 f -sitosterolo] A& H 1 EF A sigA7E e
At B9 stilbened phenol ringg F#3ta ol ARFFo] 5

Aog dddd.

I ddEdE H2Y dTEAH

i

24 sroe FEA

1 &
Anthraquinone #EH 2 ¥ emoding 3+ FE8
¥ Aoz Rudn AEEE 2 £3¢ #uE GAEZEEA
o] F7tE= AoR & casein kinase I19] X8 2FF:E AoE B
At F2AE A AE o] &3 £UE anthraquinone F+EA Y aloi
A% BE & Ao wE 4 F a2 KA A
2 Uest Chang 59 dFdM e st4 2FE80] dAXE 4%
23 988 3lE protein-tyrosin kinaseg AL AsE RoE BHast
Rt 53] emodine F LR A=Y Src- Her-2/neus} ras-oncogene] 23

& 2o g A

of

2

i x

£y i 5 [N
Y o —
o Hn i ox dHo

ol

¢

2. a3t g4

2.9 ethyl acetate +EFE2 FH9 A Ao =% ischemia-reperfusion
&€ HdAste Aoz uvEwt ojgd Eae A7 AU aArsA
#olsts glutathion ¥& FAHF7] AEd Aoz HudUch 34
aloin2 9] brain cortex #H4tstE AP EGE  anthraquinone?!
emodin# alizarin® # ¢ 4% mitochondriatiol Al =€ A ZH4sE &
FH o2 AHfsAT 53] sHH9 anthracene I FAo] FZAZ Ao

s

_14_



YEt =8l anthraquinone nucleus®] @43 YA F 719 hydroxyl
717} ortho =& metaql A5 A =qth A2 p 5L AIEEgELRE F
EE A 3 EAE AdAEt AgEUAA AdE ferric-heme A ES 2

st Roz Yeg.

o

4 emodin& genotoxicityE X J o & A
Bt Muller 5 ¢ AFNAME emodin®] rksdmlmicromeo] & 3}
cytochrome P450 &40 o3 &A43d & SHEAZ Ay KL
. Yol AFS g2 AEHAA F£% Zt F anthraquinone> 2 7}
A NHE Tl FLEFHE VeI o dAHLE AHEHT doh 1Y
U A 3B 9% EMHAFNS BHuHo Joemg 7t gEe Tzt
g4 A AF € 54S e E doseSol #¢ A7 2o AAH
E olFojAol & Aog Rt XNFHA FYFgAME FLE A4E

4ol e 22 EFH Frh

o 8

Bifidobacteriume]l & AL FF ATE FRLAH2LEE Bl o F
Ao 28d 98 FFd dE JeHd FEL V9 71EE o)Fo A
. AAZ v Miles Laboll e WA, EEFA (Miles Analecta At
8) Bifidobacterium T35 BBLE& A 3hst oy, AEES =
A @& @l vk H2(1994) drtotae A FHA2HE M FEo]

_8.
P o=
2
ol
=
29,

UE 2H 9 Causido ¥F& EFol Gaio (Enterococcus faecium)ets Al
FE& NMEe AFAJD JA7E do A= 88 FI3H7] A FF Al
AdE gFstn e AA I £F ASYE 93 9 H(Danish Dairy
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Board). #°] @A FAT AANMe HAEAFH 7540 L& ATl
Aodog Feg A& FHstn Qo A9 Enterococcus faeciuml
dAdgel A gEol AANHZ dE Hel mF B uw FudAM=
Bifidobacterium® Lactobacillus®]l #7573 %oz AE3eE Ao

$2)8h,

¢ FTTNL  ATAAE F2 FAF WAL Y TEI)E0] AEEH

ged 592 SBI®E Wiesby, U39 Marshall, €29 Morinaga, $vlot=

o] Chr.Hansen %<& Bifidobacteirum 2 F27¢ 27 wlF TR &

719 Mg o R FAER Yo dustd, B g Ve FAT A
o °

QAL FTolr] wEold AAAA FAFTE AT dFL 3 2ok

BA g

M oz 3 A , 7H & oHb o

ZAEE Mol 5 B 230

MD Foods(®iofo}l3) Enterococcus feacium o+F & O

Gaio A& e
Bifidobacteirumoll £ & g

Morinaga(g £) HEEM S22 est] §AE

ctekst HEo 88

oo fAF B0 M2 YA A2 A

0
ro

Marshall(e| =)
Probiotic Culture 7§ &f
F&R AL BolM AFOl VIE =1
BER FFIb chef
FHE S0, e 2 Ugsd 5,
Chr.Hansen(l o} o} 3) ZE MEZEe 2o =HE 207 59
Chekst fatd =38 Jts.
=5

2
rJ
rot
re
-4
rir

F5 422 4FS AR ¥ FNTEAE
A
T

g AgHer FAH gt ojmest AgeH g4

i
o,
oo
b
@)
LS}
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KoKo, Kenkey , Uji ¥ J}AI9IE 988 3 Fufy, Garisol &8 7]%0)
o} A3 A gdm g o)gy HAdAE HIoor 24 #H o
77 3 E7] AR kx| g FGAES o) 4F LFAT B AFE

H2E =4 FAANA £ 840 8FFHAgRA L Q7]
wol BIFIDUSTS ™Y 5& Fgo g #FAol Folxm
of e A A X 2§, dfFe BAELE
1& H 5ol oz g4ssty BAE A8
< + Probiotic Effect& 77X o, o] 3
BIFIDUSS |9 H&5o dia A7 dE 2 FHA g2aA A5
Row 53] o dE9 FAYEY APggdATiddE vIga
T Wdes Zosied ¥ AR v AL L2Hdsn 1 99

= L
H& 24¢ 59 Wdsx WA BIFIDUSEY &% 2 o

o2
n £ =

r_l
EuR
oN
>
Iy
g
P|l’,
&
A,
H
o
i)
N
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A3 & AMEdsd L

Of0
g
IIN
H

L O%e 4YRdS o848 f5e FEEY FUY BF 7
hoses) AgE U FuEE 24

1) DPPH(1,1-diphenyl-2-picryl-hydrazyl) radical 2A% &7

A2 FoE 4L Bliosd W (1958)d Fsted DPPHel wigh dAxp-sois
(EDA : electron donating ability)$ =343t &€& Ao DPPH 2
Oz A4le]l A3 9+ odd electron o2 Qld) HA HAAE wolEolE A
HE 7HA 2 glol g8 2R drgEte AxE SASHYE FL A

DPPH7F A @oAA4 €. &, DPPH 20mgg ol ©&150mel] o} DPPH&
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S 7hsled 517nmoll Al 308 E ot
T3T W3E %‘@3}04 7o i FFE Aol2 HAAESF(EDA)S 7

£
o
rﬂ
rin
o
o
ofo
2
o
tn
5
o=
=2
>
f
ofp
_|o
tifo
o
o

#2488 dA AASS 71E 24 linoleic acid® AH&3Fo] thiobarbituric
acid reactive sbustance(TBARS) A4 AH&HE ZSAHsto] Hrbetdioh
SDS(0.8% w/v)ol linoleic acidE 0.1%(w/v)7F S =& EAFAIZL 712 &< 0.8mn0
o] 50mM Tris buffer 1.0m¢, 0.1mM EDTA 0.1m¢¥} Al8&d 0.1mS 2§ 3t
Ao HxE JOREFd HAEAE FHE FE=FT F 044M TCA 05mi¥
0.8%(w/v) TBA 05m¢E 7tsted 100CHA 1583F A A 532moll A §FH =
g ZAstom g Zo] FusiA A P4 AAee ArtstAnh

Inhibition(%) = (1 - sample Abs./control Abs.) X 100
v, PC 12 cellol A1 2] MnSOD activity 73 2 g@# A A (Western blot)

SOD+= #¥H&Alo]l & superoxide anion(Oz )& 29t hydrogen peroxide(H:0.)
Z AZA e oA s g sty gatst Zioldh
o' T+ Q2+ 2H ~-—(SOD)---—> Hz02+Oq

1) Cell culture (PC12) and treatment

PC-12cell& A& = AEF  23qoA  FFdol  10%(v/v)
heat-inactivated horse serum 3 5% fetal bovin serum, 233 100unit/ml
penicillin- streptomycing -3 DMEM A & o] &3l 5% COz / 95% Air
2l incubatorel A 37CZ wFEA L. 5XICHMES BFato] 2447 wjF &
0.5mM Hy0:& 3083t H7tete] Ast2Ed S F T
30ppm @ -tocopherol® A 7}eted 48417F wiF & PBSel 33l MnSOD
activity 9} @A AL 3 30x HHOE 28 I
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A Ayt FF5AE BH3HY. % protein §FLS Bradford el

2) MDAZH

AEe AARFELS Yagi(1982)8-S FAs 2AHY. 5, AL 2
20049 3M9| trichloroacetic acid 3m g

thiobarbituric acid 05mé<& F3 100TA 1587 Az & oA ¥
AMZ T 2093Xgoll Al 1583 QARY F I 429 32nmell A &

Baha,

=
o
N
—_
ol
o
£
2
o

ol
ofg
i
i
(@]

3) MnSOD activity& A

3713 =749 9 xanthine oxidase®t xanthineol &) WA O° 7}
ferricytochrom ¢} ¥F-&-3t=dl ol SOD| 98 cytochrome c&go] x5
A =T xanthine oxidase®] %<& SOD7} E°J YA &4 = 0D 0.025/min
7t AEE v Agvig 2435t MnSOD 242 Flohe W& o] &3t =
AstHdtt F CuZnSOD activity® A#8t7] ¢35t 5mM NaCNoll Al 45%7F

il spectropho- tometer 550nmollA &4 3¢t} cytochrom C2l $HE& 50%

AA e SODHZFS 1Unite 2 3o 29 F4REE Vel

4) MnSOD protein % =73

Western-blotting g H3] £¢€ AX e Gduld g SDS-PAGES ol &3 Zg
At & 30ugEW AL 10% SDS9 93%DTTE T8 6x bufferd] 430 9
5Tl 583 71¥€% F  Laemliol whgol o8 wEolzd  125%
polyacrylamide gelollA #&&4c. g 99 AL  tris-glycine-methanol
bufferell Al nitrocellulose membrane® 2 £7]3 3% nonfat dry milk, 0.05%
Tween-20, Tris-buffered saline€ #-# ¢ blocking & ol 1A1ZF B Xels)
il 1:3302.2 3AM g rabbit anti-MnSOD serum(Upstate)& 3t & AofA] 2
Al ¢ AT Membraned 15% 3¥ wash 3 F 11150002 348
goat anti-rabbit IgG HRP(horse radish peroxidase) labelled antibody$} A&l
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A 1AIZE 30 Sk wkSA#7l & Enhanced Chemiluminiscence detection

Ui
2
ofp
L
£
i
o
ol
H
32
k)

kit(Amersham)&

t}. HepG2 cellol A ¢} A3lo)] 913 DNA damage & A5 &% - Comet assay

rir

1) Cell culture (HepG2) and treatment

HepG2 cell2 A&t @5 AEF  23ojx  FFwol  10%(v/v)
heat-inactivated fetal bovin serum¥} 100unit/ml penicillin-streptomycin®
¥ DMEM BRI & oj-83t9 5% CO: / 95% Air¢! incubatorel A 37C=E i
FF. AELE BFsIA 24417 g ¥ 300ppm sgrexFEEd 30ppm a

-tocopherolE 50uM Hx0:% 2417t 2] & DNA damage®d =433 tt

2) DNA strand break (Comet assay)
AEZNZEEL MTT assays ©} &3] &H3}
strand breaks® Singh%9 WHE ol&3AuTt. F AHygd ATE 05%
agarose geldl ®4lste] frel&eloj=o] g 1

3 DNAE =EA17]7] $8 lysis &doz2 wgstdd. sgoj=g 25V,
300mA, 30min 719 %3 & Tris buffer(0.4M, pH 752 34171 ¥ EtBri
A3 oL HPHnAF oz AR 28] Komet 3.1 softwared o} &
3kl tail length®t Tail Moment(TM)& =434}

Tail lengthe A719 %A DNAZI 9132 =9 tail Feje Hols ZAHS A
o]31 TM<E tail W& DNA contentZ e+ parametere] o}

DEEAEAS

fﬂ
<
it}
tfo
2
)
O

2

7} Slide preparation
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Fully frosted slide®l 0.5% normal melting agarose(in Ca®’, Mg~ {ree PBS, at
50C) 100utE 3 Al Nod coverslip®® §o] agarose® @t 1004 M
HO0 2 He¥l M X 05% low melting point agarose®t 20tk €19 cover
slip& AAE & FHAS "ojregl i coverslipS AH&avl. Gels w37
At 5<F flat traylice-cold)ol] A E & coverslipg A A8kl 05% low

melting point agarose 75u(37C)E ¥ wlE3 4Colj A 587F WA e o}

L) Lysis
4T lysis solution(25M NaCl, 100mM NaEDTA, 10mM Tris(pH10), 1%

sodium sarcosinate, 1% Triton X-100)elA] 1A]7F EoF ©@o] =gko),

t}) Alkaline treatment & electrophoresis

slideZ horisontal gel electrophoresis tankol] Alolzb Holxjx @A Ak
Tankel] 2143 H719% bufferlmM Na:EDTA, 300mM NaOH)Z 0.25cm &
Al gol 2083 HASE T 17V, 300mA R 408 7F A5 Al Ao

2}) Neutralization & staining

slideE tankoll Al AW o] Tris buffer(0.4M, pH 7.5)¢] 5% 3 w4 <zhy
FEE FAAY FIUF B slider 2A A EtBr(Ethidium Bromide, 20
1g/ )50 2 GBI coverslipl 2 BT},

u}) Comet scoring

FAME slide® ¥3d 1% (x400, Ex:510-560nm, DM:575nm, BA:590nm Nikon
Bichot M) ov|#] #41 T2 H(KOMET 3.1; Kinetic Imaging LTd, UK)Z
&3l sample@d 50749 M EE Mesto] DNASAAEE tail moment 2 tail

length® H43}%t}
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<No damage> <Low damage>

<Medium damage> <High damage>

Figure 1. Image of comets obtained by single-cell gel electrophoresis

representing different degrees of DNA damage

PN B

Nuclear // ‘x
Diameter Tl Distance /

Tail Length

A+B=DNA migration
Tail mement=Tail distance X %DNA in tail

Tail length=Center position of tail - Center position of head

Figure 2. The definition of parameter of comet assay
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2. In vivo &438ls HE5S 9% pilot study
THE Bosld HAH AFFT7H 5& A
A% FA%e ZAsA

off

3l 2 9] ethylacetate &5 2
o] Ade FEHAES

2. In vivo model& o] &3 59 FHE9 FM3 F% €L AN 7Y
7h BEAYE o) £3 ikE 3% =4

D AEEER HozA
AYEEL 558 7 Sprague-Dawley ratS WAooz 257 284
20% nALA )R AHAEHAE FUAA 6573 APAE st 72t 4 F
T FE € 11-129E 2 som dukAolE(C), LA MA o]F(HF), At
2 o] +ethylacetateF & & AT FAAT(C+EA), Yt ol+water F&E FoT
(C+W), =% ’4°]€+ethylacetate &2 EoF(HF+EA), A 2
+waterFEE FATHF+W)2E F 67082 FASAY. At s Fest
7] 9 mAEAFE AIN-T6 dietE 7|22 st Aol ARTFS 20%7t
A 39S, Nutrient densityE s1ajs] dutaoje} &3 HHste 7 9%
a9 F2 FLSA HAT ALAY LEE 02T, FEE 50+5%2 #
SR, THL 1241 A0 E FobE FEIIAT APIINEST Aol =2
AFE AANEE AR, FEE ATFFAE  ethylacetateFEE
6mg/100g bw, waterF&E L 10mg/100g bwsr T2 3l A 7tFH oz %]
it 28l FE2ES FAA &L g2 salined Folsfth A
2 A

[e]
DL SR

INV]

rlo
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Table 6. Food composition

Ingredients Control diet High fat diet
Casein 20.0 24.0
Corn starch 15.0 10.0
Sucrose 50.0 34.0
Corn oil 5.0 20.0
Cellulose 5.0 6.0
DL-methionine 0.3 0.36
Mineral mix 35 4.2
Vitamin mix 1.0 1.2
Cholin chloride 0.2 0.24
Total 100.0 100.0

2) g4 9 3 ¥ 2o Ay

dE2o] HAF Fo F 12417 o) AR o vtHAA YA D
£ heart puncture® 2§33}l heparine tubedll ¥ 2093 X geollA 1573 A4
T3t 4e B3P R e 2, AF F -80CAA BAIH.

w

) k7 ¥ 23 9] microsomet Z

ZA L 10mM Tris-Hcl, 250mM sucrose, ImM EDTA, pH 7.4% buffer 2mé/g
A homogenizerZ wlste] 500gol A 5= AR ET FF AL 15000xg
ol 15%zF ARSI 1 FENE 100,000X gl M 6087 A& s
5mM Tris maleate, 150mM KCl, pH 7.4% washing3}<

M

g
3
Q
w
@]
3
¢}
tlo
ne
O

4) Microsome®] X ZA#H1EE A

Microsomee ¥ Aol 05mg~1mge] H = PBSZE 34 /‘]7\1 3 100pM
ascorbic acid® 419] % volume©] 4657} EHEE 3ttt Al&E vortexing 3t
T F717F & Bebe= adhersive filmeZ el 37T, 603 mcubation)\l?d\:}.
19 butylated toluene/ethanol, 3M trichloroacetic acid, 90mM thiobarbituric
acid/75mM NaOH 7} ¥ 80ColA 1A1ZF incubationdt At €8 43 €4
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(o7

g % F I AFde 535molA FTFEE =3P G g
Bio-rad protein assay kit& ©]-&3}l Bradford(1976)% o <]s) @ Eagist
EFEZE TEP (1,13 3-tetracthoxypropane)& A} £33, X AHAgE 4

< nmol MDA/mg protein®.2 el ¢ o},

514
J::
¢

o

FN

5 @39 LDLEH
ol M density gradient ultracentrifugation ¥ 28 LDLL Eastgoh

6) Oxi-LDLe] #4ts} X3 =4

&% LDL 25488 10mM PBS(pH? HE ZMAA 10 0.25mM CuSO.E 24
AL TG A7ME d8E RS F RAsAAY 2HL ¢ $UT wy
o2 AAES

Y. Subchronic toxicity &3

HAAFEL 5539 43, ¢A Sprague-Dawley rat& 2257 AHgA
2 F 71& 13530 AAsdthd A8y 24 "-}, F Ztzt 10-117}2
Z stfen AFd uwe} Awkao]F(C), Yukalol+ethylacetate®Z & (6,g/100g

bw)% o 7 (EA1), ethylacetate®Z& 2(10mg/100g bw)5 o (EA2), water:&%
FoZ(10mh/100g bw)(W)9 F4F o2 FAsYch Agr)Eet Ao)g 2o
A2 HHANEE YT, FEEY AT FAE AYNFLE FH5Yn o
ZZo|E salineg FA3ATh AFH Aol YdFYUnitr A3 A)

2) € 2 ArEg

2PAel HIFFAQ 124 o4 HAAZ vg HAAAT FAL heart
puncture® F 3t} Zkzhe] g o] @A EDTA, sodium citrate, gel, fluoride

tubeell &3 ¥ dAE s A3 ¥y Ty

3) Parameter
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V) B2V FA FA
Brain, lungs, heart, liver, spleen, adrenal gland, kidneys, testes(paired organ

e @7 249 TAE SAHA

}) Blood biochemistry

White blood cell (10%/4£), red blood cell(RBC) (10%/4), hemoglobin(Hb)(g/dD),
hematocrit(Ht)(%), eosinophils(%), basophils(%), lymphocytes(%), monocytes
(%), reticulocytes(%), Prothrombin time, activate partial thromboplastin time
(APTT), total protein(TP)(g/dl), albumin(Alb)(g/dl), the alb:globulin ratio
(A/G), glucose(Gle) (mg/dl), total cholesterol(TC)(mg/dl), blood urea
nitrogen(BUN)(mg/dl),creatinin(CRN) (mg/dl), sodium(Na) (mEQ/D
.chloride(C1)(mEQ/1),potassium(K)(mEQ/1),calcium(CA)(mg/dl),phosphorus
(P)(mg/dl), aspartate aminotransferase(AST)(IU/), alanineamino trans
~ferase(ALTXIU/), alkaline  phosphatase(ALP) (1u/1 g serum

5'~nucleotidaseZ A

3.8 AF didg A8 AT 53 2 AALFEe T st 4

3 &% T4

e AF AF AT FE AT 94 2

i)

ol

7}

1) Experiment design

HlE T AF S ol gt LEAZ e AFY dFY I dATE Hret
71 A8l FR 4~55% 9 F344 ratg iAol (C), dWHol+dtr FEE
H7BE(C+CWH), dutdol+3l4e Wi A7 (C+CWHB), k2 ol+H] 3t A
F FEME(C+B), IADEAOEHF), IAWHel+dFEe FEE UL

A

(HF+CWH), mA|¥aol+3t4e Wi A7M#(HF+CWHB), o] +H] 9 o}
2% HA7ZVFMHFB)OZ 2+ 12vE)R Bujstgdrh. wEAY o nydaw
(RD 25)& (F)ulg %o N AFwgron vgoad 19 A#Fo] 5x10%]

A"

O+
4=
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=2 g B3 AlgE A0 g AYAoT Aoy ug =
Aot dFdd @Yy AFFrrEE SAHNAT. d¥ele AIN-76E8 7%
2 gt dxtd o] nutrient density’t EE A WAl E ol & vt Aol
29 Fo dFd 7HHLR %%%?l AOM(Azoxymethane)< 15mg/kg ip =
Fofstdnh. A |A AOM Fo £ 125 ol 1247 AAAZ v SAAH

v‘l

Table 7. The composition of diet

(g)
Control diet High fat diet
Ingredients
C CWH CWHB B HF CWH CWHB B
Casein 20.0 20.0 20.0 20.0 24.0 240 240 24.0
Corn starch 15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.0
Sucrose 50.0 499068 | 499 49.9892 i 34.0 339068 { 339 33.9892
Corn oil 5.0 5.0 5.0 5.0 20.0 200 200 20.0
Cellulose 50 50 5.0 5.0 6.0 6.0 6.0 6.0
DL-methionine | 0.03 0.3 0.3 0.3 036 ! 036 0.36 0.36
Mineral mix 35 35 35 35 42 4.2 4.2 4.2
Vitamin mix 1.0 1.0 1.0 1.0 1.2 1.2 1.2 1.2
Cholin chloride| 2.0 20 2.0 2.0 024 0.24 0.24 0.24
dFeFEE 0.0 0.0932 0.0 0.0 0.0 00932 : 00 0.0
e 0.0 00 1.0 0.0 0.0 0.0 1.0 0.0
Bifidus 0.0 0.0 1.0 0.0108 i 00 00 0.0 0.0108
Total 100.0  {100.0 53100.0 1000 {1000 100.0 11000 100.0

2) 243 W ¥

HH-L heart puncture® 3}e] heparine tubedll %® il 2093 xgolA 15837
AEYste] 848 EEsdn e FEYAM salined ol £3le AT
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filter paperol A 718 AAAZ & -80ColA B#AEAG.

@
S
PN

2 9] malondialdehyde(MDA)Z A

% 9] malonaldehyde® Uchiyama®} Mihara(1978)¢] Wy utgk &
.8 AAS 7 AL phosphate buffer(pH7.4)9 &7 homogenizer
Z 83 nrd sl 10% homogenateE THESITH ©] F 500429 homogenate
Hsle] screw cap tubeo) %3l 1% phosphoric acid 3mé3 0.6% TBA
solution 1m¢& H7He o 2 EF3s9 100C water batholl A 4583+ WAl
2 % w2 Yzhsld ok W¥Zhek tubeol n-buthanol 4m¢s 7}aste] 2 443 1500
Xgo Al 1087 dA 8 & F 443F d(buthanol F)& 3t 532nmel A &2
T2 24319 EF 838 TEP(Q,1,3,3~tetraethoxypropane) & Al-83}51 51, A
HA 3 E +F-2 nmol MDA/mg proteinl. & e AT

)
Py
>

Q‘L
o

o)
AR

=

]

)
B

4) 8% 2] malondialdehyde(MDA)Z 4 ,

¥4 %9 malonaldehydet Yagi®j(1976)ell wat HZFstch ol& A %
100448 screw cap tubed] ¥ I 1/12N H:SO4 4mé3} 10% phosphotungstic acid
05ml& E&3steg & H2 g Ao 583 LA F 2093xgoll M LHE
gAlA  FAHES Adoh 9714 oA FVI2N HeSO. 2méd 10%
phosphotungstic acid 0.3m¢& 7}t Efsta B2 583 AT F 2093
xXg oA 1083 AE Al o] AL FF5 2me} 067% TBAE
1mg& 7}sted 95C water batholl A 1A1ZE &<t ¥EEAI & vtg Wzbepgich
W7+gk tubed n-buthanol 5m¢-& 7F8le] ZBAIA 2093Xgoll A 15832 A #
g3 d 4EH4E fluorometer® Ex 515nm, Em 553nmol Al S35t &
A2 TEP(1,1,3,3-tetra- ethoxypropane)E At&3t3 3, XAHFAIE F
nmol MDA/mIZ YE A,

AN
it}

AN
rlo

ACFEA L 938 #ul9 3 A S petri dishollAl F &9] filter paperlo] ol
¥31 10% buffered formaline® IAAZT. HASA nAHAFZ] 8
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microscope slide® filter paperfol 28 Feu 2443 2% & oA

to
w
S
Ehs

sted @7)E A2} petridisholl 0.2% methylen blue/saline solutiong %

A3l 5-15
w2 W AR Y Microscope slided] muccsalS 92 &84 o T FaEn
B(x40)0.2 #EE] ACFFE At ACFE dMo] g zA oA 23k e

Moz g8 Peiw Tasdv,

D ATdda R AR

o

AU T stroh dsrde] A FQ 4 F Aol g2 7
ATk 1799 A4S 20039 69 3U5H 68 24717 A@Aols 44
sdom  AWFRAAA  gEa gel BF  gasat QMd@e
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Phase | Wash-out Phase |l

| > | >
7 days 7 days 7 days
| i i
Days | 1 >
1 78 15 21 22
| I ] | |
Blood. urine

Figure 3. Experimental design

)
WA Wl E AY RAE HSHA stal A9 ol £Hol HASI FA6HA
I, AFL 7HHE 2§ 92 YHAA AgsA FAsAT. o ASAZTH
A" #F A= (BMIbody mann index)E A4tatth
BMI(Body Mass Index)=#%(Kg)/ [4&(m")]

) AolAlF

AEAFAEANA dFLH F 25U F A7 AL AFSHAL 2 A
o] dFd2] wash out717HE FUth el du& 22383+120.9calft i, &/
/A 9] vl &L 52.1:21.3: 2662 F X He] H|&E& AubA Al HlE] =A Al

o2 1AW HolA }ses) Fusse HFsuA Uk 1D 3

!
I



B3 @o Y2 WY 6g8 AFHULH placeboRE SFFFBE FFO
2 HAREE s
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Table 8. The composition of diet
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Table 9. Estimated daily intake of energy, carbohydrate,
protein and lipid for diet

Diet

Total energy(kcal) 22383 * 1209
Protein(g) 1188 = 175 (21.3£34 %E)
Fat(g) 66.1 3.2 (26614 %E)
Carbohydrate(g) 2923 = 37.8 (52.1£49 %E)

2) 8 AH R A

[«

Z R A 20m ) dated 2093% gl A 15837 YA &2 st
of 8L FEdte] TAANA -80TAA EASHAT
3) &9 AA#FIHMDA) &4
¥4 % malondialdehyde® Yagi®(1976) wet A Fst vt o1& A 2%
10082 screw cap tubedll ¥ 1 1/12N HoSO4 4mé3 10% phosphotungstic acid
05mlg EF3te] & A& g Aol 583 HAF F 2093xgollM HHE
ZAA  HAHESE At Hrle] WAl VI2N  H:SO0.  2m3 10%
phosphotungstic acid 0.3m¢-g 7}3led &t AoA 58 WX F 2093
Xg oA 1027 AR A} o] FAE FFHSF 2mF 067% TBAE
Ime& 7tated 95°C water batholl A 1A1zF &<t ¥b&AI & utg Yo

W2te tubeoll n-buthanol 5meg 7Hste] EAIA 20903xgollA 1587 4R
28 5 A=2=AL flyorometerE Ex 515nm, Em 553nmeol A A3t 2T F
A% TEP(1,1,33- tetraecthoxypropane)E AM&3g1, AAHASE FE

nmol MDA/mg protein®. & YERHA T}

3) LDL#8 2 LDL oxidation &34

Density gradient ultracentrifugation %o ¢lsf gaolA LDLE £ stich
223 LDL 25482 10mM PBS(pH7.4)2 34 AA 104 025mM CuSO.5 24
Ay Fek #Hutsld AF3E fEF & F volumeo] 465u7F HEE &t
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vortexing ¥ #7717} & E38E adhersive filme® We] 37C, 6083t
incubationA] Zth. 1% butylated toluene/ethanol, 3M trichloroacetic acid,
90mM thiobarbituric acid/ 75mM NaOH 7} ¥ 80CelA 1Azt incubationdt
Aok el A AR & F 2 AFAL 5BnmelA FHEE FASA
o}, @A &3S Bio-rad protein assay kitg ©] 83} Bradford(1976)% ¥ ol
os APt EFEEEEZ TEP (1,1,3,3-tetracthoxypropane)E AM£31%1 31,
2 A3 e =4S nmol MDA/mg LDLe 2 JERHA T
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32 powdereE AE AFA &4 dFFEOEZNE ATl WA soxhlet
2 ©]83l9 hexanel 2 ZFA|WE A A F  ethylacetate, ethanol E+&
methanolZ2 FZ£8 Qo8 ©]F methanol FEEL BAZYIIE o] &3l
buthanol® chloroform®.2 £83Acth & FEE2 dFFEwdez 43

_‘?‘_ A

fa, BE §of

F2Ee 33
9% 7 pHel Fee ohus B
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(%)

Water Methanol Ethanol Ethylacetate Chloroform  Buthanol

258 165 4.7 16 16 2.3

2) A TS 573

2 AF4d% DPPHel ulgt dxF%L  ascorbate>chloroform>  ethyl
-acetate>butanol £ 28 UEWon dF0 FEEELS AFSF L oEFHo

2 gzl vs) 2 Fisee] fFeHder F74 3 tHp<0.01).

Table 10. Electron donating abilitiestEDA) of Cynanchum wilfordii Hemsley

extracts and ascorbate to DPPH radicals

0
conc. EDA(%)
(mg/ml) Ascorbate Ethyl- Methanol Ethanol Water Butanol Chloroform
acetate

0 0
L0 94.36 70.13 38.31 37.13 12.95 68.07 82.39

‘ +0.07°  +£308% +167¢ 2439 +£162° £15"  £1.09"
05 94.27 44.86 17.34 18.79 6.40 44.88 53.29

' +£0.09%  £355° +366° +461"%  £152°  +339€  £123°
o1 94.17 15.82 4.23 1.84 115 1151 16.81

+0.15%  £344° +1029  +069°¢ £107° £280° £216"

- Means with different letters(a, b, ¢, d, e) within a row are significantly different from each
other at p<0.01 as determined by Duncan's mutiple range test
- Means with different letters(w, x, y, z) within a column are significantly different from each

other at p<0.01 as determined by Duncan's mutiple range test

3) A4 2l B HAHAL G4 AAF 53

AH FA] o AARLEE AL FE JEH oz AAHE RS =
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T ANen &4 fvujd F&E F butanol, chloroform, ethylacetated &
22 & 41 FEFERT NFAFAEE A JA &0 FHoR 4 g
% oH(p<0.01).

Table 11. Inhibition(%) of lipid peroxidation by U.V. radiation of

Cynanchum wilfordii Hemsley extracts and ascorbate.

Inhibition(%)
Conc.
mg/md)  Ascorbate acetat Methanol Ethanol Water Butanol Chloroform
0 0
0 62.77 58.72 4523 39.49 12.86 59.70 59.65
' 087  £0.72%*  +281"® +396% 527" +0.89% +0.60%
05 62.06 47.02 31.81 24.95 9.21 53.83 54.85
’ +0.60 +439°  +371¢  +2091* +2247 +212°® +0.96™
ol 54.89 15.57 17.97 7.84 3.04 23.40 11.03

+342% #1529 x4 4223 +163%  +376°  F108°

- Means with different letters(a, b, ¢, d, e) within a row are significantly different from each
other at p<0.01 as determined by Duncan's mutiple range test
- Means with different letters{w, x, y, z) within a column are significantly different from each

other at p<0.01 as determined by Duncan's mutiple range test

Y. MnSOD activity &4 2 @¥d % =4 (Western blot)
1) MDAZ A
AT AYFAHEL Yagi(1982)8 & A5l ZHANS e 2220

=
o3k A AHAAEE WAL o -tocopherol) buthanol) chloroform) water &2 2

& A = A

o

_38_



Table 12. Effect of Cynanchum uwilfordii Hemesley on Malondialdehyde
formation in PC 12 pheochromocytoma

( nmole MDA/mg protein )

Control Buthanol Chloroform Water Ethylacetate e« -tocopherol

264.58 199.81 211.36 240.45 228 86 151.64
+ 4993 + 1138 + 4261 £ 4290° * 24.38° + 61.83°

- Values are mean*S.D.
- Means with different letter(a,b) within a column are significantly different from each other at

p<0.05 as determined by Duncan’s multiple range test

150 -

100

nmole MDA/mg proteir

wn
o
T

e

Control Buthanol Chloroform Water Ethylacetate a-tocophero!

Figure 4. Effect of Cynanchum wilfordii Hemeseley of malondialdehyde

formation in PC 12 pheochromocyte

2) MnSOD activity &3
I E 3+ Chloroform ) water > a -tocopherol ) ethylacetate > control®] <

oj]lem oj2] g MnSOD activity Z7Foll &3] X ARAEE Aol dAld A
o2 BRoA,
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Table 13. Effect of Cynanchum wilfordii Hemeseley on MnSOD activity in

PC 12 pheochromocytoma
(U/mg protein)

Control Buthanol Chloroform Water Ethylacetate a —tocopherol

29.64 33.57 4658 4458 34.84 41.10
+ 5.30° + 564  + 788  +1397* + 487 + 526

- Values are mean*S.D.
- Means with different letter(a,b) within a column are significantly different from each other at

p<0.05 as determined by Duncan’s multiple range test

U/mg protein

Control Buthanol Chloroform Water Ethylacetate  a—tocopheroi

Figure 5. Effect of Cynanchum wilfordii Hemeseley on MnSOD

activity in PC 12 pheochromocytoma
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3) MnSOD protein & =74 (Western blot)

SOD wwlAFe ANstaEgart ZhaA A Fadte Ao dEgeu 8
9 ZZFo) AstE A$ 1 FaFol ta AsdHIeU 2 Fols HolA
9 9kS. ¢ -tocopherolo] EAstE A$E A2EH2E HY 7tobA €& 7
oo §AE TR by, B A7 AH s FE2L S0 @i
g Z7HA7E Aole AA 7oA ¥E Aoz AR,

<4— 24kDa

120 1

100

80

60

40

Relative %/control

20

Control Ethylacetate Buthanol Chioroform Water a-tocopherol

Figure 6. Effect of Cynanchum wilfordii Hemeseley on MnSOD

protein expression in PC 12 pheochromocyte
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o}, Ak3lo] o] 3 DNA damage 2 Al%5 =% - Comet assay

—
i

DNA damage A EE tZETo| vl8to 842 BuOH, Chloroform extract$} a
-tocopherol A #A] ZAadHE AFES HAoy FoZFH9 olE Ho|AE &

=3
o EE T AEZAEES T0%04deI ATt

Table 14. Effect of Cynanchum Wilfordii Hemsley on DNA damage in
HepG2 cell

Buthanol Ethylacetate Chloroform
P-Control a —~tocopherol
extract extract extract

Tail length 1291+3.74 1033+£1.27 12.13*194 1181*175 11.96%£1.09

™ 2841090 235*+091 28+074 241£1.07 2.31%0.78

- Not significance

Tail length
18
16
14
12
10

o N O~ OO

Control BuOH EtAc Chloroform a—tocopherol
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Tail Moment

il

Control BuOH EtAc Chioroform a—tocopherol

Figure 6. Effect of Cynanchum Wilfordii Hemsley on DNA damage in
HepG2 cell

g In vivo &4tEls 7AE5S Y3 pilot study

Ethylacetate fraction® gavage ¥ XX, 100mg, 250mg, 500mg/Kg body weight
S AU 257 FAAl B0mgellA Aol dAF FAE Eer 500meg/Kg
e HoldAF Fae AFdah, AAAE 4oz, ¥+, 100mg/Kg body

weightoll & AoldH % A L AFZALE Holx &g

2. In vivo model g o] &3 3L FEE9 48 5% L A 7H
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Table 15. Body weight gain, average food intakes, liver weight and brain

weilght of experimental animals

body weight food intakes liver weight | brain weight
group gain(g) (g/day) (@) ()
C+EA | 155.72%3965" 21.5%0.9° 145+2.3 1.3+0.3°
C+W 167.58+75.21° 23302 12514 14201
C 168.36+31.16" 23.4+0.3 122+1.3° 16+0.1°
HF+EA | 178.08+30.49° 202+1.0° 13.4%24% L. 6-;(-)- 1°
HF+W | 182.18+31.83° 22.4+0.8" 126+1.3° 16+02°
HF 179.16+30.12° 205+2.1¢ 120+13° 1.7+0.1*

+ Means with different letters(a,b,c) within a column are significantly from each other at p<0.05
as determined by Duncan’s multiple range test.

- C+EA: control diet supplemented with ethylacetate fraction C+W: control diet supplemented
with water fraction C: control diet HF+EA: high fat diet supplemented with ethylacetate

fraction HF+W: high fat diet supplemented with water fraction HE: high fat control diet

Al Aol Fe] vl A Alo|Fe] AFZF7lEo] A ethylacetateFEE 7

= —
$ oA A A% ngom #9589 AoE vehbx ago.

aA Ao Fo] dubAolFd HlE HA MHFAStE ALES HIP YRk olE
A A9 ethylacetateF &8 FofFo)
]

)
oz AT AP PN E TFEEEY Hol ATl FASHA WAL

)
EA e ethylacetateFEE FolTto] & o HlF FgHe=z B
A dutAol & HdHsa sl

A7 e,
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)

4) k3 = Z 2 9] microsomed] FAF A A A

Table 16. Effect of Cynanchum wilfordii Hemsley extract on

liver malondialdehyde(MDA) formation in rats

Group nmol/mg protein

C 301 £ 82
C+EA 289 + 67
C+W 301 £ 97
HF 371 £ 110
HF+EA 297 £ 82
HF+W 341 + 8.7

- Not significance
- C+EA: control diet supplemented with ethylacetate fraction
C+W: control diet supplemented with water fraction C: control diet

HF+EA! high fat diet supplemented with ethylacetate fraction

HF+W: high fat diet supplemented with water fraction
HE: high fat control diet

h =)
[ <
T 1

£
[—]

nmol/mg proteir
N W
(=] (=}

-
<

<

C C+EA C+W HF HF+EA HF+W
Group

Figure 7. Effect of Cynanchum wilfordii Hemsley extract on

liver malondialdehyde(MDA) formation in rats
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Table 17. Effect of Cynanchum wilfordii Hemsley extract on
brain malondialdehyde(MDA) formation in rats

Group nmol/mg protein
C 39.1+9.4°
C+EA 37.3£8.7%
C+W 37.2+6.6™
HF 34.6+6.6"
HF+EA 29.7+8.1%
HF+W 245+11.0°

- Means with different letters(a,b,c) within a column are significantly
from each other at p<0.05 as determined by Duncan’s multiple range test
- C+EA: control diet supplemented with ethylacetate fraction

C+W: control diet supplemented with water fraction
C: control diet supplemented with saline

HF+EA: high fat diet supplemented with ethylacetate fraction
HF+W: high fat diet supplemented with water fraction
HF: high fat diet supplemented with saline
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C C+EA C+W HF HF+EA HF+W
Group

Figure 8. Effect of Cynanchum wilfordii Hemsley extract on

brain malondialdehyde(MDA) formation in rats

5) Oxidized-LDL®] #41st A& #4

Table 18. Effect of Cynanchum wilfordii Hemsley on LDL

susceptibility to copper—induced oxidation in rats

Group nmol/mg protein
C 301 £ 82
C+EA 289 = 6.7
C+W 301 = 97
HF 371 * 110
HF+EA 297 £ 82
HF+W 341 £ 67

- Not significance
- C+EA: control diet supplemented with ethylacetate fraction
C+W: control diet supplemented with water fraction C: control diet

HF+EA: high fat diet supplemented with ethylacetate fraction
HF+W: high fat diet supplemented with water fraction HE: high fat control diet
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Figure 9. Effect of Cynanchum wilfordii Hemsley extract on LDL
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o]
o

Atk <, A FS BEFA ethylacetate

R=
T

o] Aol Aol HolA ¢ketor) ethylacetate &5 &
i Fof Al

of 8
Sy

F1

s
A& ethylacetate F+&E 5

o] 8t ethylacetate 28 AolHdHAZ ZAE ZHstn ol

IFE
THAEE FESe AoF B

Table 19. Effect of Cynanchum wilfordii Hemsley extract on organ weight
in male rats

(g)

Heart | Liver ;| Stomach | Brain | Kidney | spleen Agci:;r:jal Thymus : Testes | Lung

EAlj 124" | 1409 2.23° 159% | 288 § 143" { 0.065° | 0.70027" | 3.2750" | 2.1956"

EAZ | 125" {1303": 2.09° 154° 1 285" {116 | 0.070" | 0.73260" | 3.4835" | 2.3027°

W i 1.41° {1381° 1.95° 153" ¢ 286" {1301 0050° i 0.79327* | 3.1437" {2.3909""

C § 129" {1227° 1 2.04° 155° | 296" | 1.13” | 0.083" | 0.79160" | 3.4307" | 2.6884"

- Means with different letters(a,b,c) within a column are significantly from each other at p<0.05
as determined by Duncan’s multiple range test.
- EAl: ethylacetate fraction gavaged at doses of 3mg/100g bw/day

EAZ: ethylacetate fraction gavaged at doses of 5mg/100g bw/day

W: water fraction gavaged at doses of 5mg/100g bw/day

C: control
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Table 20. Effect of Cynanchum wilfordii Hemsley extract on

in female rat

organ weight

(g)
Heart : Liver {Stomach Brain | Kidney i Spleen A;;ir;al Thymus; Ovary | Lung
EAL1| 0841° | 9.46° 2.01* 1.60° 203" | 1.059" | 0068 | 0457° | 0.116" | 1.747°
EA2 | 1.048" | 856™ { 203" 162 189" | 1.063" i 0.087" | 0858 0.108; 1.868"
W || 0.920™ | 7.65% 1.45° 1,50 175° 1 0912" { 0.077" | 0530 | 0.111* {1.953°
C || 093" | 7.33° 147° 1.64* 184" | 0936" i 0063" | 0578" | 0.112" | 1.804"

* Means with different letters(a,b,c) within a column are significantly from each other at p<0.05

as determined by Duncan’s multiple range test.

- EAL: ethylacetate fraction gavaged at doses of 3mg/100g bw/day

EAZ2: ethylacetate fraction gavaged at doses of 5mg/100g bw/day

W: water fraction gavaged at doses of 5mg/100g bw/day

C: control
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Table 21.

extract for 13 week

Haematology of SD rats fed Cynanchum wilfordii Hemsley

Items Group
C EAl EA2 W
Male
WBC (10%/u4) 46+3.0° 75+26° 6.7+16° 6.6+23"
RBC (10°%/uL) 8.6+0.4% 75%0.6° 78+06% 8.1%+05"
Hemoglobin (g/dl) 146£09° 132£05° 13.7+09° 14.310.4°
Hematocrit (%) 51.1%£2.6 446%3.2° 471+22° 494+18°
Neutrophil Stab.(%) 0 0 0 0
Neutrophil Seg.(%6) 28.1+78 20.1%45° 225%52° 147+51°
Eosinophils (%) 1.0£1.7° 211197 2.1x22° 0.8%+09°
Basophils (%) 0 0 0 0
Monocyte (%) 3718 28+28 44+29° 32x2.1°
Normo blast 0 0 0 0
Blast (%) 0 0 0 0
Lymphocyte (%) 67.2+83° 749+43  710£50%  81.3+61°
Female . . o
WBC (10%/10) 57+22° 52+20° 82+29" 74+25%
RBC (10%/u0) 6.9+0.7° 6.2+0.5° 70%1.3" 70£0.3°
Hemoglobin (g/dl) 12.9+£05% 122+1.3° 14.1+25 134£05"
Hematocrit (%) 419+3.1° 410%45" 417%6.4 436+2.0°
Neutrophil Stab.(%) 0 0 0 0
Neutrophil Seg.(%) 26272 29.8+88° 11.3£17.1°  232+80"
Eosinophils (%) 38+37 38%36° 15+16° 26+£33°
Basophils (%) 0 0 0 0
Monocyte (%60 23%+1.0° 36+1.2° 14767 38%21°
Normo blast 0o 0 0 0
Blast (%) 0 0 0 0
Lymphocyte (96) 676+7.1° 629+83" 725%+13.4*  704+99°

- Means with different letters(a,b,c) within a column are significantly from each other at p<0.05

as determined by Duncan’s multiple range test.

- EAl: ethylacetate fraction gavaged at doses of 3mg/100g bw/day

EAZ2: ethylacetate fraction gavaged at doses of 5mg/100g bw/day

W: water fraction gavaged at doses of 5mg/100g bw/day
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Table 22. Clinical chemistry data of SD rats fed Cynanchum Wilfordii

Hemsley extract for 13 weeks

Items Group

C EA1 EA2 W
Male
TP(g/dt) 6.7+ 0.3® 6.3 0.5° 65+ 0.6° 70% 0.4°
Albumin(g/de) 30+ 04° 27+ 02° 28+ 0.2° 31+ 0.2°
Globulin(g/d?) 36% 0.3° 36% 0.3° 36+ 05° 39+ 04°
BUN(mg/dt) 162+ 1.7 181+ 1.8° 185% 16" 200% 1.4°
Creatinine(mg/de) 0.60 %0 055+0.05°  055%0.05° 0.61£0.03"
Na(mM) 1486+ 6358 1424+ 7.8 1421+ 70° 1470+ 43®
Ca(mg/d¢) 98+ 0.4° 86+ 0.5° 93+ 1.3" 91+ 0.7
Cl(mM) 1040+ 40* 1045 54 1008% 65° 1035+ 3.1°
Inorganic P(mg/d¢) 68t 0.9° 63+ 0.8° 6.8+ 0.7° 62+ 04°
K(mM) 50+ 05% 44+ 05° 51+ L1° 49+ 04%®
ALP(U/L) 1503%£37.9° 1706+42.1* 1686%33.9°  144.3+519°
PTT(sec) 317+ 85 276+ 31* 307 54° 33.0+18.8°
SGOT(AST)(U/L)  1256£297" 101.9+147° 1343+265°  143.7+482"
SGPT(ALT)(U/L) 56.3+125"  589+139°  649+13.3" 586+ 82°
Glucose(mg/de) 1237+£227° 1467316 1406+19.1" 15164235
Cholesterol(mg/d8) 460+ 52° 464+ 93*  493% 50° 476+ 39
5'-Nucleotidase(U/L) 695+57.9"  533+40.1* 550+579" 4171264
Female
TP(g/db) 72+ 03° 66+ 04° 76* 0.3 74+ 05"
Albumin(g/dt) 35+ 0.3° 29+ 02°  38% 03° 35+ 04°
Globulin(g/d¢) 37+ 04° 37+ 04°  38% 02° 40+ 03
BUN(mg/d?) 220+ 43® 232+ 33" 184% 23° 198+ 1.7"
Creatinine(mg/d?) 0.69+0.03* 059+0.04° 066005  0.66+0.05
Na(mM) 1453+ 3.3°  1434% 22*° 1379+ 35° 1430+ 47°
Ca(mg/d0) 9.7+ 05° 89+ 04° 109+ 04° 104 06°
Cl(mM) 1051+ 21°  103.0% 25 1027+ 2.1 1016+ 35°
Inorganic P(mg/dt) 49% 0.7 64+ 1.1° 76+ 0.7° 58+ 0.7°
K{(mM) 44+ 05° 51+ 1.3° 54+ 06° 42+ 03°
ALP(U/L) 59.2+13.6° 181.8+100.4° 1053+515°  67.4+256°
PTT(sec) 326+ 7.2°  383+11.0° 309+ 78 328+ 7.1°
SGOT(ASTIU/L)  1298+21.8" 1851%927° 141.9+669° 124.0+451°
SGPT(ALTXU/L) 548+ 7.7 710+220°  476%165°  457+183°
Glucose(mg/de) 1041£203°  97.7+154* 1108%186"  957+19.1°
Cholesterol(mg/d¢) ~ 60.1+ 91* 254+ 7.1° 769+ 87°  616* 97
5'-Nucleotidase(U/L) 8431427  289+20.7™ 72+ 41° 448+427
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- Means with different letters(ab,c) within a column are significantly from each other at p<0.05 as
determined by Duncan’s multiple range test.
- EAL: ethylacetate fraction gavaged at doses of 3mg/100g bw/day EA2: ethylacetate fraction gavaged at

doses of 5mg/100g bw/day W: water fraction gavaged at doses of 5mg/100g bw/day C: control
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Table 23. Food intake, colon length and relative liver weight in

experimental animals

Grou Food intake  Colon length Body weight Relative
P (g/day) (cm) )" liver weight
C 2440 + 042" 131 £ 117" 3461 £ 169° 0.03018 =0.00218"

C+CWH 2423 £ 061" 121 * 138" 3405 = 17.7° 0.03143 +0.00044°
C+CWHB 2378 * 040 112 * 092° 3382 + 16.3° 0.02787 +0.00263"
C+B 2344 £ 011" 115 + 155" 3499 = 156° 0.02766 +0.00324"

HF 1850 = 0.40° 119 = 1.49° 3641 £ 23.0° 0.02461 +0.00233¢
HF+CWH 2164 = 165 123 £ 169 3827 £ 167° 0.02634£0.00192"

HF+CWHB 2257 * 060 119 * 095° 3709 £ 124 0.02729+0.00223"

i+

HF+B 21.65 1.25° 129 £+ 2.10° 385 = 151° 0.02662%0.00181"

- Means with different letters(a,b,c) within a column are significantly from each other at p<0.05
as determined by Duncan’s multiple range test.

b Body weight prior to sacrifice
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Table 24. Effect of

plasma MDA formation in rats

Cynanchum  Wilfordii

MDA in liver

MDA in plasma

Group nmol/mg protein nmol/ml

C 81.9+16.6% 9.28+1.23°
C+CWH 87.81 +12.0™ 10.00+1.67*
C+CWHB 90.7£11.2° 10.60£2.02*°
C+B 770+17.7% 10.20+1.31*¢
HF 749+11.4% 11.44+1.76™
HF+CWH 61.6+13.0° 10.83%=3.10*°
HF+CWHB 68.0+12.9 12.22+2.32"
HF+B 57.7+11.1° 12.30£3.26

- Means with different letters(a,b,c.d) within a column are significantly from each other

at p<0.05 as determined by Duncan’s multiple range test.

Hemsley on liver and



nmol MDA/

nmol MDA/mg prote

Y
[ T ST N o N o ¢

o]

120

;
.
. . 3

C+B H H+CWH  H+CWHB H+B

Figure 10. Effect of Cynanchum Wilfordii Hemsley on liver

MDA formation in rats
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Figure 11. Effect of Cynanchum Wilfordii Hemsley on plasma MDA

formation in rats
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Table 25. Effect of Cynanchum Wilfordii Hemsley on
AOM-induced ACF formation in rats

Group ACF"/colon AC?/colon AC/ACF
C 110.3%+16.0* 237.0%44.2% 2.15+0.17"
C+CWH 732+ 14.6° 149.3+t31.5° 2.02+023°

C+CWHB  99.8* 16.4> 208.0 =345 1.98£0.02*°
C+B 82.8+ 248 184.2+£56.1% 2.21+0.07*
HF 1350+ 19.2° 290.5+68.3 2.16+0.27*

HF+CWH 109.6%+ 30.9™ 245.6+ 785 2.27+0.26%
HF+CWHB 1203+ 16.5% 276.5+49.8% 2.34+0.12*
HF+B 1258+ 7.9% 290.3+£8.4* 2.34+0.09"

- Means with different letters(a,b,c) within a column are significantly from each other
at p<0.05 as determined by Duncan’s multiple range test.

PACF: Aberrant crypt foci ? AC: Aberrant crypt
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Figure 14. Effect of Cynanchum Wilfordii Hemsley on
AOM-induced AC/ACF formation in F344 rats.
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Table 26. Anthrometric measurements of study subjects

Subjects
(N=17)
Mean*xS.D.
Height(cm) 162.07+= 3.79
Weight(kg) 511711134
BMI(kg/m*)" 2047+ 2.11

" BMI(Body Mass Index)=Body weight(kg)/ [Height(m)] °
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Table 27. Effect of Cynanchum Wilfordii Hemsley on

plasma MDA formation in study subjects.

Baseline [l Placebo

10.13%2.38 10.02£1.98 9.98+2.07

- Not significance

16 -

nmol MDA/

Baseline CWH placebo

Figure 15. Effect of Cynanchum Wilfordii Hemsley on

plasma MDA formation in study subjects.
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Table 28. Effect of Cynanchum wilfordii Hemsley on LDL susceptibility

to copper-induced oxidation in study subjects.

Baseline [kl Placebo

43.06+2.18° 32.03+1.64° 36.94+5.11"

- Means with different letters(a,b,c) within a column are significantly

from each other at p<0 as determined by Duncan’s multiple range test.

nmol MDA/mg LD
N
(8]

pre CWH placebo

Figure 15. Effect of Cynanchum wilfordii Hemsley on LDL

oxidation
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Cynachurn wilfordii Hemsley
Methanol extract
(3hr, 60C)

l

@ BUOH/H,0& =2l

chromatography

®

l Vacuum column

M =& 2L
(1721, 1582, 1383)

Flash column
® chromatography

B2l =& (2401, 2404, 2343
2423, 2422, 2344)

@ l HPLC

2423:com1,com?2
2422.com3
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1) BuOH/H:0 &9

L G, 10y

fraction 1 fraction 2 fraction 3

Figure 16. Mobile phase-Chloroform/methanol, 10:1
Frc.l & Frc.2—crude ethylacetate, Frc.3—n-BuOH/H:0O

2) Vacuum column chromatography

*  Vacuum Column Chromatography &7

Stationary phase Merck silica gel 60 (400mesh ©]7) 45g
Mobile phase C/M,20:1—-C/M,10:1->C/M,5:1-C/M,1:1
Column size 11.0cm ODX 6cm

Total used time 1 hr.




fraction 4 fraction & fraction 6

Figure 17: Mobile phase—Chloroform/methanol, 10:1
n-BuOH fraction® vacuum chromatography & Al 3&38te] &8 3719 fractions (fraction

4, 5, 6) o9, 1z} & 4tsl &48& E fractions©|th.
® iz 24 U3

a9 2% Zo] 3709 Edez yw H, A 43 23 3 407210 B
o] Etrt.
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Table 29. Electron donating abilities of Cynanchum wilfordii Hemsley
to 1-diphenyl-2-picrylhydrazyl(DPPH)radicals

Conc. EDA(%)
(mg/ml) ETAT 1383 1582 1721(1461+1384)
1 7147+678™  -022+390%  2.83%+1.65Y 74.73+0.45
05 38.11£1.41"  -145%148" -1.11+4.74" 51.48+2.69"
0.1 730+1.66% -212+158Y -255%1.19"  7.78%6.10%

EDA(%)

05 go1 |




3) E4(1721)9] &=

£ 84Z flash column chromatographyE& °l €3t & o MFEAHo2 st

o

* Flash column chromatography &2

Stationary phase Merck silica gel 60 (230-400mesh) 30g
Mobile phase C/M,20:1—-C/M,1:1
Column size 4.0cmOD X 12cm

Total used time 2 hr.

@ Chromatography 2%

C/M( o

fraction No. 1 2 3 4 i 6
Figure 18. Mobile phase chloroform:methanol(20:1)
Figure 19. Mobile phase chloroform:methanol(20:1)
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Table 30. Electron donating abilities of Cynanchum wilfordii Hemsley
to 1-diphenyl-2-picrylhydrazyl(DPPH)radicals

Conc. EDA(%)
(mg/ml) ETAC 2343 2344 2401 2404 2422 2423
; 68.96 10.87 1375 -2.68 7.59 59.10 80.66
+£1.90%™ 142 £219% +322% £313" 324  +3058™
05 38.31 507 6.18 -2.89 5.14 70.96 79.18
) +366%  +204%  £341%  +245% 748" +235%  +971%
01 6.54 2.80 1.00 -347  -2.89 68.40 35.95
: £085° 58  +280" 480" +155%  £1064Y 706"
90
50 |
70
60
50 r
40 r
g r
20
10 i f
0 @ _@_A 4 L 2
—10 L ETAC 2343 2344 2401 2404 2422 2423

g3 0.1 |05 ar |

l
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4) B8 49} 73 59 £

B3 4(2423)9F B8 5(2422)8 HPLCE ol &3t thrl 28 F o F FI$
Zkzb olgfo] Ao g HFAHQ purifications A&t 28 494 compound
13 compound29} £33 58 E&E AAY ¥ £ =& compound 3& ¥

% 3709 compoundsE ¥t

% High pressure liquid chromatography &7 (38 4)

Stationary phase Econosphere Silica 10 ¢
Mobile phase DM/M,20:1
Column size 2.2cmOD X 25cm
Total used time 1 hr.

* High pressure liquid chromatography ZZH (2 & 5)

Econosphere Cis 10z

Mobile phase M/W,2:1
Column size 2.2cmOD X 25cm
Total used time 1 hr.

Stationary phase
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@ Chromatography 2 3}

2
com. ! com.2 com.3

%

com.] com.2 com.3
£OMD(C

d No. 1 2 3 compound No. 1 2

Figure 20: Mobile phase(DM/EtOAc, 10:1)
Figure 21: Mobile phase(MeOH/Water, 2:1)
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Table 31. Electron donating abilities of Cynanchum wilfordii

Hemsley to 1-diphenyl-2-picrylhydrazyl(DPPH)radicals

Coml Com?2 Com3
0.1mg/ml 220161 13.17£1.08 85.421+0.16
0.5mg/ml 9.88+1.02 4898+1.07 73.90£0.32
1.0mg/ml 16.93+0.94 66.86£0.39 64.24+0.19

Sl42

EDA(%)

| e
i BT W05 ot
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5) Compound 38 T+Z&4

LC-MS%4

* Instrument Parameters

lonization mode and Polarity ES+

Capillary (kV) 3.20 3.27 Cone (V) 20.0

Extractor (V) 2.00 2.08

Source Temperature (°C) 120 119 Cone Temperature (°C) 20
20

Desolvation Temperature (°C) 300 297

Cone Gas Flow (L/Hr) 60

* Run method parameters

Waters Alliance 2695 HPLC Pump Initial Conditions

Solvents MEOH/H20 gradivent (40.0- MeOH, 0.05TFA in H20)

Flow (ml/min)  0.200 Stop Time (mins) 30.0

Column Temperature (°C) 35.0

Waters996 PDA

Start Wavelength (nm) 210.00 End Wavelength (nm) 600.00
Resolution (nm) 1.2 Sampling Rate (spectra/s) 1.000

Data type: Enhanced Mass

w 9 BEMZXANAM compound 3& 20.8%lA broaddt peak® ‘IEFEIL
o} o] m/z = 480.60)t}.

* 1H- NMR _#4 (300 MHz, CD:0OD)
87615 (1H, d, J = 9.0 Hz), 6.77 (1H, d, J= 9.0 Hz), 663 (1H, d, J = 9.0 Hz)
6.33 (1H, d, J= 9.0 Hz), 241 (3H, s), 2.02 (3H, s).
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Figure 22. Compound 39} '"H NMR spectrum.
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*13C~ NMR #4 (755 MHz, CDs;0D)

62033, 1, 1628, 1626, 151.0, 1479, 1328, 126.6, 1205, 1192, 1169, 1132,
111.9, 1077, 29.7, 25.2.
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i e 61 120 10e Y " ) ) oo8
Figure 23. Compound 39 “C NMR spectrum.
U. a2
Compound3 9] FZE4Z 7
-o] £4& TLC AolA G spote2 BPovt HPLC 24 ZAz & g
d o] old Aoz HoEHAY
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2219839 J. Kjeldahle] At Kjeldahl®Heoll ¢af A stdvt. &
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20 mi¥ 3 draftell Al FBe A7t HESE 2HE ALSE Ba7t 4R &
100 mi2 A4tk ALY A8EE TFRAXNE ol &3td FHRTA FEH U
& ¢gryol (NHyol 93ty g5z 9& #929 01 N -H:80:& 01 N-
NaOH HZE&Ho2 FsHAsih EFAAGL FAFHAME Kol HE=
2 o AAEF (Vi &2H mhE SAH33 AEE A e blank test = 3
gt ALtet

mlo
a2

gz (%) = X 100
S
Vo : Blank test?] 0.IN NaOH £4] ml$
Vi : Sample9 0.IN NaOH A ¥] mig
© 0.1 N NaOH Z&& 9 Factor
: sample A3 %
DA

D ALAS

zZ U »w T

A8 10 g& A=l 80 % ethanol 200 mlE 718 b2 70C &4 o) A
FqF WA ZIHA 1AIZEESE 38 &3 A T &AL Fol 3,000 rpmel Al 30
w3 94 A v o A AL Hetd BFYEF (Vaccume evaporator,

st 10 % lead acetate bml®} 3.2 %



sodium oxalate 5 mlE& Fo] GHALS AAAA AA vt dHEEE FA
A-g 022 1l membrane filter2 33 v} vy A3 A7l Sep-pak Cis
(Waters Inc., USA)EHA1Z] & Table 65} 2 2122 HPLCE AM&3}o
ZAstH o™ olwe] Standard curve: o} e} Zt}

Table 32. Instrument and working conditions for free sugar analysis by

High-performance liquid chromatography

Instrument © Waters associates HPLC

Column : Carbohydrate Column, 300 mm x 7.8 mm
Solvent : Acetonitrile : HoO (V/V%) = 83 117
Flow rate © 1.5 ml/ min

Injection volume @ 10 ul

Detector : Waters Differential Refractometer 410

5. #9 Mx

zZt Algel FWMLTE MTA (Chromameter, Model CR-200, Minollta,
Japan)E ©|&3} 33 wHE FA &% o Hunter scaled] 93t =Hx (L3h),
AT (agh, + @ A - o xaA) FAT(bgh, + 0 FA - A2 Jehgl
o olwf A& BEHAMEe L, a bgke Z+z 89.2, 0921 ¥ 0.78 o}t
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7b dubtA s &3

A AN 79 ?i‘ﬂ“ﬂﬂ_v“‘l‘.: Plate Count Agar(Difco, USA)E A}&3}it}.
N8 10g & Hod A3 294 (08% NaCl) 90 mlo) 232 &3] &
g3 e, 7 mﬂA AA 34 Iml HL petri dishell F3se] PCA 33l
A (50C) oF 15mlg FHAHoR EFed AA9 wiAE F4n Y4EuAz
th FYMA EE REIMUAE 3-5ml 7FEted FHANH 351TAAM 20«
2A12F g 3tE Colonyel 71 30-300747F H& wix& Meste Z4sc
oluf AL&3 wixjel AL the3 2T (Table 33).

F

Table 33. The media compositions for determination of viable cell count

and isolation of Total microorganisms

Ingredients Amounts
Bacto Tryptone 5 g
Bacto Yeast Extract 25 g
Bacto Dextrose 1 g
Bacto Agar 15 g
Distilled water 1 ¢
pH 7.0

NATT L HESAIZYolE FFH wiAHOZ 2 AZHJEFR

¥l ] (Desoxycholate Lactose Agar)E& AM&3le] &2 ¥t
Al AA FHA Iml NS petri dishol Hste] dA2LAZolE FF&H
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A (50C) oF 15mlE& FdHoz BFed ZAS} wAE FHI F4SaA
itk Fdulx] =& BE FHMAE 3-5ml stste] FHANE 3B5E1TAA
20247 Mg AN g AL S ol wxzA

e
€ Table 34 o] YERUYAT

Table 34 The media compositions for determination of viable cell count and

isolation of total microorganisms

Ingredients Amounts
Peptone 100 g
Lactose 100 g
Sodium chloride 50 g
Sodium citrate 20 g
Sodium desoxycholate 150 g
Agar 150 g
Neutral red 003 g
Distilled water 1 ¢
pH 7.3-75

1# 7t Boiling

RES FHolo ZAHLE Ads EFAHAYHYA 39 Algsiden wAs
potato dextrose agar (Difco co. USA)E A&t ojdf Moo HAE o

A &7 st BFF 10% tartaric acid® #H7lsle] pHE 352 F A8l
T 25TColA 5-793F wjgd F LA JASFE AN &t 2 B I

o HNulFE Fote] JAFF2 b ojw) ARG iR ZALS g 2
t} (Table 35).
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Table 35. The media compositions for determination of viable cell count and

isolation of Total microorganisms

Ingredients Amounts
Potato, Infusion from 2000 g
Dextrose 200 g
Agar 150 g
D.W. 1 ¢
pH 56%2

121C, 1587 97
deE 10% F448 718t pHE 351012 24

A ol A /\}%5} st o= MEF 0 (Cynanchum wilfordii Hemsley)2H
AR BAAN $FE 906%, 3E 3.07%, =AW 191% zuwd 2101% %
o, e Ha% FFHES fructose 0.52%, glucose 0.78%, sucrose 13.30%,
maltose 059% Kon F712 &Fe Mg 3140 mg/L, Na 504 mg/l., K
263.0 mg/L , Ca 3874 mg/L Rt}

2. e ABAE ALE AT ARAA L A2EY A3
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FEAE AA AzHUh
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1

L2 o
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3

3
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3) AFS 5
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o))

4
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367 29ttt

i

jze]

(Aw)

H
I+

p

KU
£
v
N

=y
H—O

N

H

H
A

o

0

0.34
0.36

0.68
1572

1.62 0.15
0.83
- 82 —

240

2.79
477

A

o A




z‘soL =g
ksl 1 S| S} A0
4 = L(M %)%k a(A M x)gk b(ZF M= )gk
7 ¥ A 85.86 4.2 17.16
4 EF A 64.37 5.9 19.65
th) v A E Ad Ay
NAEAEE YUt gAFE &8 2 FTH)E HAHEY E 389 2
2 2% AdAr}.
F 38 Ay 2 AEAY vgE Ay A
g &
[e) }FF T g2 ol I3
A = 2 WA T o & T AR 2 &30
I g 3x10?> CFU/g ND ND
g F A 1.6x10? CFU/g ND ND

ND : Not Detected
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F 40, 3 % AXo] TREAL

3 =
LB =)k a(8 ¥ x)gk b(3 M &) gk
Al =
o932 50.79 3.70 9.90
++H] 3 42.29 1.00 2.30
Zha) 45.54 3.15 6.95
Pttty 82.29 -1.19 19.05
) e A4 A3
F 41 08 2 229 nYE HY
B} =
o kA 2 ER W FEol
Al g
e 3x10 CFU/g ND ND
frH) 3 2x10* CFU/g ND ND
2] g 4x10* CFU/g ND ND
AX 7x10® CFU/g ND ND

ND : Not Detected
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7t #$%  Profile

# % 3 Profile
5 OV EHEE)
2AEe] FEE FI)EY FEEH] L& EYAA
A& Concept AiE gtgeet O FEALE oLt vEE
AFOZ 2SR, SHIA Ao T AFAEF
Target AdFE ol
A EF G H (A E 5mm)
YAE SR Q2 FE E(10 Brix)
VB /%% 47909/200g(A A 5H]) * YE7NA wet {55
A4 Za2dd
Wz
e 200g, 300g
A
BOX
A
FAAE X thA okgt, Fol gl IR %S, FEex e
7 A A =
BAFE 7% 2
HEy 14, 2-33] 2] - AF #AAGle] 208 A= =4HAL
Y AAg->da8u g —Roll¥F7]>F &7 ->H 37 ->F
FQFA
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ALA Q7 4,790 /200¢g
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2) B8 LB W&
dmW  [F%00) | TN (@KLK Q) | 4T
st &M 43182 43,182 16,000 690,912
Sl &2 56.818 56.818 30,000 1,704,540 dF5d
100 100
A A 2,395,452
s A2 (2/2000) 23954
R ] 4,790.8
w2y
SEX R
2
ukgren 2 ol
TRy 4% A =24 (2/2000) 47908
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483 EAF(%) | Mige (%) [d7HA/Ke)| 7HE (") desd
@7 7.299 7.299 20,000 145,980
8H4= 8. 40.146 40.146 30,000 1,204,380
F71 2 7.299 7.299 30,000 218,970
EARAL 3.650 3.650 20,000 73,000
5 3.650 3.650 15,000 54,750
& 3.650 3.650 10,000 36,500
3}'?2%% 7.299 7.299 16,000 116,784
) 27.007 27.007 7,000 189,049
100 100 2,039,413
2 A
kgd YAEH] (Y/kg)
g9 o As9] (4/200g)
X 7]
5 Fu)
A 2 7 8]
A |
dukzenl g o9
TAGHE A7 74 (4/200g) 4,079
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2) frolg Amuigu &

484 A% | MEE(%) |[DHE/Ke)| AR | 9B
Foll ¥ 6.667 6.667 110,000 733,370
e 28.0 28.0 30,000 840,000
LR P 6.667 6.667 30,000 200,010
EARR} 3.333 3.333 20,000 66,660
B8z 3.333 3.333 15,000 49,995
&2 & 5.333 5.333 15,000 79,995
Adof 6.667 6.667 14,000 93,338
-}4.;%% 6.667 6.667 16,000 106,672
£ 33.33 33.33 7,000 233,310
100 100 |
& A 2,403,350
kgd LAz (L/ke) 24,034
TG E 9 AE¥ (9/200g) 4,806.8
X7y
S 7o)
Al 274 H]
A7
Ay g o]
TAALE 48 AFH (9/200g) 4,806.8
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2) FEA 48 wegH e

AEW | FABO) (M 00| B HL/Ke)| AR | 92T
FroFEd 6.126 6.126 30,000 183,780
grred 91.896 91.896 1,000 91,896
AA 4 0.306 0.306 350 107.1
strak 1 0.010 0.010 24,000 240
sheksE 2 0.061 0.061 30,000 1,830
dPdF2E 1.532 1.532 30,000 45,960
TAR 0.068 0.068 2,300 156.4
100 100 323,969.5
E | 323,969.5
kg A= (H/ke) 3,239
zReE 9 A (/8 %
ER
w2y
A 27 ]
27
gutgain 2 o9
TRUNE A% A=Y (9/8) 2%
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2) Bre @ A&

483 | FUF0O) | MEH(%) |D7HE/Ke)| M) | 48T F
5t 2. 70 70 30,000 2,100,000 | FF=EH
LR A 30 30 3,000 90,000
100 100
2 A 2,190,000
kg A4 (A/ke) 21,900
A o A5 (¥/15g) 33
¥ 7]
b -1
A 74 v
By
dr#eH L o]
ZREE 48 Q84 (9/15g) 33
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2)

olt

P Ada dauig BlE

H54 FAZF(%) | wEe(%) B7HE/Kg)| 7HE (") darrd
Skl
aza 76.336 76.336 16,000 1,221,376
gag 7.634 7634 800 6,107.2
e 11.450 11.450 7,000 80,150
dFEE | 3817 3.817 40,000 152,680
Fhr22 0.229 0.229 20,000 4,580
TAA 0.153 0.153 2,300 3519
Fhetzld 0.382 0.382 1,500 573
100 100 1,465,818.1
A A 1,465,818.1
kg? dAEH (D/ke) 14,658
Tadd o Asv (9/500g) 7,329
Ay
4]
A 273 8]
27
gurdein] 2 o] g
TG E 47 A4 (Y4/500g) 7,329
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2) e A= dgudd vl
¥89 FAH(%) | WEH (%) |[@7HHE/Kg)| 7FEE) | gE5ETH
5= 2 12.0 12.0 30,000 360,000
2232 4.0 4.0 1,000 4,000
A A G 4.1 4.1 350 1,435
AzxgZ 1.0 1.0 6,000 6,000
Azt 0.8 0.8 8,500 6,300
Az}t 2.0 2.0 6,000 12,000
LR 0.3 0.3 50,000 15,000
A7) R 1.0 1.0 7,000 7,000
L£EY 65 6.5 4,500 29,250
SR 7.2 72 2,500 18,000
LFFAE 5.0 5.0 550 2,750
o B 44.0 440 550 24,200
P9 6.5 65 4500 29,250
At 30 3.0 800 2,400
&g 0.002 0.002 14,000 28
MSG 25 25 2,000 5,000
100 100
2 A 523,113
kgd AA74 (D/kg) 5,231
IAGHE o AEY (Y/80g) 418
E%Hﬂ]
=]
A Z 73]
A
dut#ein] & o]
TG 948 AREH (Y9/80g) 418
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Figure 24. Method of making fermented Cynanchum wilfordii Hemsley

Cutting
CWH | -———-- >
{2mm)
U
Heating the ratio of CWH:D.W.
Lmmmmmm Hydrating
95C, 3hr = 1.5 (w/v)
U
Cooling
—————— > Filtering
25C
4
Extract
(50 Brix)

Bifidobacterium strains = 570“?} T EHolM FHIZo EH FFE 0
43} ¢}, Bifidobacterial® #7134 =7 vl okE o, MRS9 BL medum
o] o)&= Ut AN Lactobacillus strains®} Streptococcus strain ©] MRS
medium & 7]& 28jX 2 Fo] o] &5t

2
X2

3. Bifidus®} #4F7 Screening % 16 S rRNA sequencing g ©] &8 &4
Bifidus®} f4t# 9 &8 Origine d3Alge #¥loz mAsicy, oflolo](4
6ADe] BHAA wAEE AT 7MY g0 FonE ol sjEFor &

FAES #FRIG. AR EHE g7 wld2  Anaerobic Jar(BBL), Anaerobic
Controlled Glove Box(Lab Line Instrumentlnc, U.S.A), Steel-Wool Method&
A8ttt Bifidobacterium® f4td S A¥H oz FeEdtod wjd A@dH 2 A
T 7158 E 2ASY 259 {fA4FS AP BF AXAN F WE
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A vialldHE BEso AA-E FFe T EETA Y3 sAHAYPEY 1
A7 E4 Z718 16S rRNA sequencingel 213t FAHE o},

7t. Primer A2

16s TDNA sequence® °| &3l #FE& FAHs7] 9188 PCR primerg
A28k}, Bifidobacteriumel] 231 4219l 16s rDNA sequencet™
GeneBankZ #& F3Act. 4 F  7FA Y systemoE YR
sequencing® AlE37]|2 sed dnrzr oz I A 16s rDNA 9
conserved region2 20, 950, 1500bpWi &lol A &5ttty Gz} wet
A GeneBankol A €& sequence® A E2 H|Idd FEFHT

sequenceE WY S 2 571X primerE A &3t}

TJ
A e

glay glovy
> % - |

| 1

0 bp System 1 950 System I 1500 bp

fmm A s v

PCR primers : 610V, 612R, 612V, 630rQ
Sequencing primers : 610R, 612R, 630rQ

. PCRS ©]&3% 16S rDNA sequencing template |2
WA PCRES #% template™ Genereleaser kitE ©]83o €=t} System |
< ¢F 950 bpY] fragmentE 7}A= REo2ZM 616V 612R2] PCR primer®
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PCRE F#sle A &3sr}. SystemI = ¢F 550 bpA =9 fragmentEM 612V}
630rdI Y PCR primerE o]&3%to] Azt PCRE 33 Fo sequencing
template® ]88  UEE U/1YEE FHst] A AP size?] DNA band&
gel extraction kit (QIAGEN. US.A)E AF&3te] 343kt gel extraction kit
2 DNAE 35 & 2% PCRol A&HAUY primerst dNTP & A7NE

Al sequencing®Fg-ol s 291& AA & & AT}

t}. PCR program%tAl

1) Program No. 1

71 Template DNA (System I, II) systhesis
}) Annealing Temperature : 46 C

t}) program cycle :

(1) Denaturation step :95 C, 5 min
(2) Denaturation step 105 C, 30 sec
(3) Annealing step 146 T, 30 sec
(4) Extension step : 72 C, 1 min
(5) Extension step : 72 C, 10 min

x (2), (3), (D= step 30 cycle

2) Program No. 2

7}) Sequencing PCR (System 1, II)
}) Annealing Temperature : 45 C
t}) program cycle :

(1) Denaturation step : 96 C, 10 min
(2) Annealing step 145 C, 5 sec
(3) extension step :60 C, 4 min

x (1), (2), (39 stepe] 25 cycle
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2}. 16s rDNA sequence?] #4

4 U 52U GE54S GETL(XQ29)o disiA fdoixd 950 bpet 550
bpe] sequence™ World wide web(WWW)2] GeneBankoll 4] BlastN<
o] &3ty & FFE9 16s rDNA sequenceg} o BAS. o] A

45 16s rDNA sequences GeneBank® # A2t @71 d3 vlulslo
BEARC VM =L T8 YT 52 BYsto A

4 FAEA AT B BESH ¥4 AT

fratd e st e HaAFES ML B TEFY Y ofy
g g AES BEAHE AFFe T3 #do] . webA HFEAEA o
@ F40 27, AEe 23, B4 350 o FoiHot BT}

7h wEgEdE JF
Bifidobacterium spp. RD 63, RDI133, RDI15%5, Lactobacillus casei, L.

bulgaricus, L. acidophilus, Streptococcus thermophillus th-3 ¢ 7 & A%
g 7 % B uiRE 121 C, 156 # d47#ANAE 1 % @&3}0‘1 37 Tl A

2ANZE RN AT WG AZE BAS Hstel AEE MENDT BAsY
o,
. 5o WA TEE s 84 B4

1) Cell viability assay

S brothel M 1% HZFF 37T, 20212 g713<)
#& s} wlgd S PBS solutionol] &4 }od
HFE O AX 8 3 AR wFAE, 6, 12, 24, 484 vt
A&HoZ ZA35U}. Lactobacillus ¢ Streptococcus strains © Z.7]%E|el

A bifidus ¢ #& 2702 HF, Y F SHIUYL

Bifidobacterium strains +© MR
Aol e ¥ AESE

o
ol
o
R
v
JN

2) HEA BAY lactic acid & acetic acid A
Acetic acid$} lactic acide HPLC 7)71& A£3le] BAMsgon, MEATY
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& g 2o AES 474 109 g4 F 3083 15000rpmoll A LA EelF
FEARbE At filtering & & BA I {714 €48 HPLC 32718 o9&

3 ZcH(Table 43).

Table 43. Condition of HPLC for organic acids

Instrument Young-Lin M 930 Solvent Delivery Pump
(Young-Lin Co., Korea)
Column Aminex HPX-87H column(7.8+300mm)
Mobile phase 0.025N H2504
Flow rate 0.60m¢/min
Back Pressure/Temp 61kg/cm'(866psi) /35T
Detection Uv@z210nm
Injection volume 20
57}
BEE S AES A4 aFd HEAA 2 AEE FASAUN. 1089

sEe wx 7 %ol 7 M #FE wEAND 2§FH 5L 7T % o+

[\]

) 23 #5H 7t
}4= 9 7% wiR ol Bifidobacterium spp.-RD63 T#5E 24 A7 37 TollA &
171 % sucralose, aspartame, acesulfame-K& Z+Z} 0.01 %, 0.015 % 0.02 %

4 filtering & H7istd B HINE AX F Zus FEE MAAIAC

{0

[¢]

>
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3) #5A FIEHeR olfd Hra

Fructo-oligosaccharide(FOS)$}+ sucralosex A%Alol A A Fagtth FOST o
2 JF#Avgs AlaA W e FEE X3 e, AT AFe =&
T oy A@elM Bud u g

o

=

Sucralose™ sucrosedlA] A E BaAz 11 FF20] wf L FASH(Figure 25).
Agg oz Aeo vl 600 7e Y4=E X1 glen oA o] @l
2 FEE FAY = UL HE AL A
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A

Sucralose

~ Sucrose

Figure 25. The structure of Sucrose and Sucralose; sucralose was made
from sucrose that selectively substitutes three atoms of chlorine for three

hydroxyl groups in the sucrose molecule.
2 FAAE

EAx8E One way ANOVAE ol&3lad Atsgion, ol& Age
Duncan’s multiple range test® ©]-&3}o] H] 18 tHSPSS, v.11.0).
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Figure 26. Sheet of Sensory evaluation.

Sensory Evaluation

2003.

Sex Age

Please, check according to the points, after test the samples as

follows:
7 - Lilk extremely
6 ~ Like very
5 - Like
4 - Be so-so
3 - Dislike
2 - Dislike very
1 - Dislike extremely
Samples | Color Sweetness Acidity Bitterness Odor | Taste
135
246
357
468
579
681
5. 300 AFY R LA Y4
408 ooz Y MY Wi ANsn BFA o BE YL 4
AdT AESHE AT 27 GARA SFecldY 4% SHE TR WY
271< Y T UPEH, olgiEty, fHHAH £ 4 BFHNE
A g}
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L

L.

BB FATFE RAo AAUAN BHE ey HuA

il

Fetdvt. 2 A

Streptococcus thermophilus 5435, Lactobacillus casei 1745, Lb. acidophillus

2¢F, Lb. bulgaricus 175, Bifidobacterium 81T

T
i
H

ke
%)

s

ojnt

Nz

e
1o

Tl
O
wir

AL
00

7o see NRuAe Az 7

DAY vk

2. 7] 2w X o] s, wl

g JEomn
1o CH-2

o
L.

ol
50

38

L Wz 2HEE o

bifidus ¥<1 CH-2

A~
T

B

K]

3, b, 7%
i o

5]
=

oA 37T, 24412t A

Ton

&4 Q Hl ] of A
g mAgA 7 =L Adsrt A H UG (Figure 26).
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Log8 CFU/mL

O | [N b e
3% 5% 7%

CWHM concentration
Cell counts*

Fig 26. Viable cell counts of Bifidobacterium spp. CH-2 in Cynanchum

wilfordii Hemsley medium
Cells were counted after incubation in CWHM at 37 C for 24 hr.
CWHM was composed of CWH powder and deionized water.

2) st wiAl e HA 24

50 Stee T WAE ABA Aol ARPA dd guUy

f

o
T
T

(Table 44).
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Table 44. Viable cell counts of microorganisms during the growth in

Cynanchum wilfordii Hemsley

Powder 1) |Enzyme 2) Extract 3)
CH-2 4.2%10° 4.2%10° 3.5%10°
CW-133 25%10° | 2. 3%10° | 1.2*10°
CW-155 3.0¢10° 5.0%10 1.5%10"
L.casei 911 4.0%10° 5.0%10° 7.0%10°
L.bulgaricus KCTC 2182 2.0%10° 5.0%10° 3.1%10°
L.acidophilus KCTC 3188 3.0%10° 6.0%10° 2.7x10°
St.thth-3 2.0%10° 4.0+10° 4.6%10"

1) Media prepared from CWH powder
2) Media prepared from enzyme treated CWH powder
3) Media prepared from an extract of CWH.

Aol HEolA ALd FFE R st By A4
g 712 WA E A 2ol Az B wiA e ks
&2l HAAFd wed o3 Zo] 7R (Type 1, 2
S5 HIIG wiAE Iuiz Hod A$ % al
of fratwel wide] FA L AAE AHLEZ olE HEEH FTxd
amylase$} glucoamylase® A @ dtd WA S FozZH oldd EAE HZBE

T ATk

rx
M
lo,
}O{i
b
2
£
il

X
L)
)
el
ok
X
in
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1) 80C, 10min in Shaking water bath

2) add 0.029 amylase, glucoamylase Type 1
40 5g+ add 0.04% Type 2
D.W. 100ml add 0.06% Type 3

3) 55C, 2hr in shaking water bath

4) 105C, Smin autoclave

adan Aoz My® FFE Lactobacilli MRS Broth uixjeo] &3}

g ol wjxlo HF 24A7HEQ 37TAAM wigFdd T BT HAIE B3

AE FDEAT Az a5 uYg EA did A A F oS
_7_

A
4
| 5% 7

80 x 10E8
2.3 x 10E7 |%& Fout o] o

3.0 x 10E7

15 x 10E8 |Algto| )} H7|&= #HES

type 2| 3.0 x 10E7 |[91®1& =

- 126 -



, {type 1| 1.6 x 10E6 |3}52

' Bifidobacterium GEA9 | type 2 | 2.7 x 10E6 |Fd ©¥ @
- type 3| 1.0 x 10E7 |27 &3
type 1| 1.9 x 10E7 |+ €
type 2| 1.3 x 10E7 |type 1X.t} 45t
type 3| 1.9 x 10E6 |43 o

type 1|40 x 10E7 {°k7F ©ot

type 2 -

type 3 -

ol’Fe] At Fo] wiFA Bl dUHer ¢ dF9 45 (TH-116,

KCTC2182, GE49, GE54, GE157)& 3l4- 2 wiAlo| A el AAbo] <kstdom vioh

2 Aol 43 FFo A (GEG3, GE133, GE155, L. casei, L. bulgaricus,

L. acidophillus, TH-3, TH-20)= #%4c°] Eolxe 2

Fo] 4% TF ALT AEIHAA E2HY AFE FTE] vt 7E

HEHNERZA Mol & Bart oy #sHol +78 459 d5= o
3

2]
e AFNL AP Aoz oFdr

o

3t % Extract
Yo} 22 AL AXHFM AZRE 4L extractE HIMStY th&F o] {4+
T s wixE ;A3
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32 Medium

Type 4 = 8}+2 Extract 5g + D.W. 100mé -> Ascorbic acid 250M/1 2 &
(3L 75% + Dextrin 256% = 8% Extract £ 35 ¥ % 375%%
Z4) -> 121°C 15min Autoclave

Type 5 = 32 Extract 5g + DW. 100m{ + €833/ Fructose z}z}

3.14%3% 7}-> Ascorbic acid 25uM/1& %A -> 121°C, 15min autoclave

Hel wiA M= GE63, GE133, GEI155, Lb. casei, Lb. bulgaricus 3188, L.
acidophillus 145, S. TH-3, S. TH-20 %o} 15 x 10E7 Axe] &S By
¥ dFEe] AR RIAGd. 2 olfE dF FEHANA Hjod B
.]

Heol 24 ¥ Aoz ARdY.

O

2. st WA A kAl HA FF A

g=le] oM BHE 8F9 Bifidobacterium strains(CW-49, CW-50,
CW-54, CH-2, CW-133, CW-155, CW-157, CW-168)% Lactobacillus
strains(L.casei 911, L.bulgaricus KCTC 3188, Lacidophillus KCTC 2182), 6%
o] Streptococcus strains & 3t5Q wiX o] HE3lE 2 HASS AU
BoTe AESF 8B sty 2As9.o9, Bifidobacterium strains 3o
AE CH-2, CW-133, CW-155, 3% 0] 24A12F vl 108 cfu/ml ©)A =2ate
o °1%F 53] Lactobacillus casei 9117} Bifidobacterium spp. CH-2 7} ©&
Rakgtel vls ke wiAoAM Hold 445 & e AT Table 45).

st wiRel e AXE HA%5L MRS HiA A HilE 2y 48

g wj Aol HlE & HASE UL

)
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Table 45. Cell counts of various strains in Cynanchum wilfordii Hemsley

MRS medium | CWH medium

CW-49 2.0+x109 3.4%106
CW-50 1.0%109 4.0%107
CW-54 1.2%108 1.9%¥107
Bifidob ] CH-2 2.3x109 1.1%x109
Hidpbacleriym Sp. CW-133 5.8+108 1.6%108
CW-155 2.1x109 3.9%108
CW-157 1.5%x107 4.0+107
CW-168 1.0+108 1.0x107
L.casei 911 2.0«109 1.0«109
L.bulgaricus
5.8%108 3.0%x108
Lactobacillus sp. KCTC 2182 -
L.acidophillus . .
KCTC 3188 5.0+109 1.5%108
St.thermophilus A 3.0+108 1.1x108
St.thermophilus } .
B-0] 70 108 7.8%108
Streptococcus sp. St.thermophilus 104109 8.0%108
th-3
St. thermophilus 66.0+108 1.0%108

th-11

* Microorganisms were incubated in these medium at 37 C for 24 hr.

3. 59 FA
B Ao es Eag #F2 GES49 16s tDNA 4715242 3t} System

I3} ¢ DNA fragment® otz 79T AR Zo] €& F AT
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950bp 550bp

(A) (B)

Fig 27. Electrophoretogram of PCR product of 16S rDNA of Bifidobacterium
GES54

YA (A)E system [9] W3 DNA band (950 bp)ol i (B)E system I
o] ti§ DNA band (550 bp)e]t}.

o] fragmentE gel extraction3}9] sequencing reactionol] Al&3stch I8 x
primere system [ W#iA & 610R¥ 612Re primerg AF£3F3 3 System
ool djaire 630rdIE AH&3tdch ZHzte] ¥4 sequencing Z#E f
GeneBank search® #|& Z3I g&3 2o

it}
ol
ol

7}. GE 54
1) System I -1 (610R) :
7V Bifidobacterium infantis DNA for 16S ribosomal RNA,
Score = 890 bits (449), Expect = 0.0
Identities = 493/503 (98%), Gaps = 4/503 (0%)
W) Bifidobacterium longum 16S ribosomal RNA
Score = 880 bits (444), Expect = 0.0
Identities = 491/503 (97%), Gaps = 4/503 (0%)
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2) System -2 (62IR) :
7V) Bifidobacterium infantis DNA for 16S ribosomal RNA,
Score = 854 bits (431), Expect = 0.0
Identities = 440/443 (99%)
1}) Bifidobacterium longum 16S ribosomal RNA
Score = 795 bits (401), Expect = 0.0
Identities = 436/445 (97%), Gaps = 3/445 (0%)

3) System O (630rIl) :

7V) Bifidobacterium infantis DNA for 16S ribosomal RNA
Score = 204 bits (103), Expect = 1le-50

Identities = 124/133 (93%)

L} Bifidobacterium bifidum KCTC 3202 16S rRNA gene
Score = 204 bits (103), Expect = le-50

Identities = 124/133 (93%)

Y. 71&o) &3 Bifidobacterium longum Bifidobacterium infantis7te] 16s
rDNA sequence®] BHlEA}H

[ongum
-NTTTTGTGGAGGGTTCGATTCTGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACATG
infantis

______________ TTTGATCATGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACATG

kk kkk KhhkkhkhkhkhkhkhkkhAhkRRAA R AkAA A A kA A kA hkkhkhkkkkhkkkx

[ongum
CAAGTCGAACGGGATCCATCAAGCTT-—GCTT-GGTGGTGAGAGTGGCGAACGGGTGAG
infantis
CAAGTCGAACGGGATCCATCGGGCTT——TGCTT-GGTGGTGAGAGTGGCGAACGGGTGAG

kkkkkhkkkhkkhkkkhkkkkkkk * % %k khkkk khkkhkhkkhkhkhkkkhkhkkhkdkikhkhkkkx
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rongum
TAATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCC
infantis

TAATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCCTGGAAACGGGTGGTAATGCC

dhdkhkkkhkkhkhkhkhkhkhhkhkhkhkhkkhkhhkhkkkkhkkkkkhkhkhkkhkkhkhhkhkxhkhkkdhkkkkkkkkkk

fongum
GGATGTTCCAGTTGATCGCATGGTCTTCTGGNGAAAGCNTTTCGCGGTATGGGATGGGGT
infantis
GGATGTTCCAGTTGATCGCATGGTCTTCTGGGAAAG—CTTTCGCGGTATGGGATGGGGT

Khkhkkhkhkkkkhkkhkkhkhkkhkkhkkkhkkhkkkhdxkkhk ** khkkkhkkkkkkkhkkkkkkhkkkk

longum
CGCGTCCTATCAGCTTGACGGNGGGGTAACGGCNNACCGTGGCTTCGACGGGTAGCCGGL
infantis
CGCGTCCTATCAGCTTGACGGCGGGGTAACGGCCCACCGTGGCTTCGACGGGTAGCCGGC

KhkhkkhkhkhkhkhkhkkAhkAkhhkkhhk Khkkhhkkhkkhkhkh khkkhkkkkhkhkhkhkkkkkhkkhkxkkdkkx

longum
CTGAGAGGGCGACC-GGCCACATTGGGACTGAGATACGGCCCNGACTCCTACGGGAGGCA
infantis
CTGAGAGGGCGACC-GGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCA

Thhkhkhkhkkhkhhhkhhkh Khkkhkhhkkkhkhhkhkhkhkhhhkkhkkkhkdhhk dkkkkkkkkkxkkkkkk

ongum
GCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATG
infantis
GCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATG
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K E A KA KL I RE A AR KKK AR K AR KRR AR A I AR A AR kA kh kA Ak kkkhkkhkkkk kA kkhkkk

ongum

GAGGCCTTCGGGTTGTAAACCTCTTTTATCGGGGAGCAAG——————————— CGAGAGT—
infantis

GAGGCCTTCGGGTTGTAAACCTCTTTTATCGGGGAGCAAG—————————— CGTGAGT—-
KAhkkhkkhkhkhkAAhAA kA Ak Ak AX A Ak hkhkhkkhkhkhkhkhhkhkkkhkkkx Kkhkkk

longum

—GAGTTTACCCGTTGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
infantis
—GAGTTTACCCGTTGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA

Khkkdkkkhkhkhh kA Ak hkhk kAR Ak khhk Ak khkkkhkhh kA hkhkhkhhhhhkhhhkhkhkhhkhkhkkkhx

longum
GGGTGCNAGCGTTATCCGGAATTATTGGGCGTAAAGGGCTCGTAGGCGGTTCGTCGCGTC
infantis
GGGTGCAAGCGTTATCCGGAATTATTGGGCGTAAAGGGCTCGTAGGCGGTTCGTCGCGTC

hkok ok ok ko k& ok ok ok ok ok ok sk ok ok ke ok Sk sk ok sk ok gk ok e o e ok ok ke ok ok ok i ok ok ok gk ok o ok g ke ke ek ok ok

longum
CGGTGTGAAAGTCCATCGCTTAACGGTGGATCCGCGCCGGGTACGGGCGRGCTTGAGTGC
infantis
CGGTGTGAAAGTCCATCGCTTAACGGTGGATCCGCGCCGGRTACGGGCGGGCTTGAGTGL

e T e ke ok ke e ke o ok ok ek ok ok ok sk gk ok gk ok ok ok vk e sk o ok ok ok ok ok ok ok vk ok ok ok ok ok ok ke ok ok ke ok ok ok ke ok ek ok

ongum
GGTAGGGGAGACTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAACAC
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infantis
GGTAGGGGAGACTGGAATTCCCGRTGTAACGGTGGAATGTGTAGATATCGGGAAGAACAC

AAKK KK IR AAAKRKRKKAA KRR A K KRAKRA KA ARk Ak hkkAhkhkkhkkkhkhhkkkkhkAkkkkkkhk

ongum
CAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGCGAAAGCGTGGGGAGC
infantis
CAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGCGAAAGCGTGGGGAGC

IRAKIKAK AR KKk kA kkkhhkkkkkkkhkhkhkkkkhkhrhk kA khhkkkkkkkxkkkhkkk

longum
GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATGCTGGATGTGGGGCC
infantis
GAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGATGCTGGATGTGGGGCC

KRAKKAKAK KA AAARA R KA A AR AR RAR A KRR AR A A Ak kkhdkkhkhhkkhkdkhkkkdkhkkkik

longum
NG-TTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGC
infantis
CG-TTCCACGGGTTCCGTGTCGGAGCTAACGCGTTAAGCATCCCGCCTGGGGAGTACGGC

*

AAA KA KA KKK A AT A RARA AR KK AARA AR KK A I AR A Ak Rk ko khk A A Ak kXA Xk k&

longum
CGCAAGGCTAAAACTCAAAGAAATTGACGGGGGCCNGCACAAGCGGCGGAGCATGCGGAT
infantis
CGCAAGGCTAAAACTCAAAGAAATTGACGGGGGRCCCGCACAAGCGGCGGAGCATGCGGAT

- 134 -



KhKAA KA KA A KkARkA Rk khkhkhkhkhkkhhhkhhhkhkhkhkkhk khhhkkhkhkhkhkkhkhkkhkrkkkkhkkkx

fongum
TAATTCGATGNAACGCGAAGAACCTTACCTGGGCTTGACATGTTCCCGAC-GGTCGTAGA
infantis
TAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGTTCCCGAC-GATCCCAGA

Khkkhkhkdkhkhhhk hhkhkkhkkkhkhkhkkhkhkkkkhkkhhkhkkkkkrhkhkhkkhkkhkhkkkkk * *% * Kk %k

[ongum
GATACGGCNTCCCTTCGGGGCGGGTTCACAGGTGGNGCATGGTCGTCGTCAGCTCGTGTC
infantis
GATGGGGTTTCCCTTCGGGGCGGGTTCACAGGTGGTGCATGGTCGTCGTCAGCTCGTGTC

*kk * %k dekhkkhkkkhkhkhkhkhkhkkhhhkhhkhhhkhdhdh khkkhkkkkhkkkhkhkkkkkkhkkkkkk

longum
GTGAGATGTTGGGTTAAGTCCC-GCAA-CGAGCGCAACCCTCGCCCCGTGTTGCCAGCGG
infantis
GTGAGATGTTGGGTTAAGTCCC-GCAA-CGAGCGCAACCCTCGCCCCGTGTTGCCAGCGG

Khkkdkkhkhkhkhhkkhkhkhkhkhkhhkhkhx kkkk khkkhkkhhkhkkhkhhhhhkkkhkrkkkkkhkkkkk

longum
AT-TATGCC—GGNAACTC——ACGGGNNACCGCC—GGGGTTAA-—CTCGG--AGGAAG
infantis
AT-TGTGCC—GGGAACTC——ACGGGGGACCGCC—GGGGTTAA——CTCGG—AGGAAG

kk Kk kkkk *k Kkhkkkk * ¥k kkk * %k Kk k% o K dekk ok kok Je ok K kok % %k ok kok

longum
GT-——GGGGATGACGTC—AGATCATCATGCCCCTTA-CGTCCAGGG-CTTCACG-CATG
infantis ‘
GT-——GGGGATGACGTC——AGATCATCATGCCCCTTA-CGTCCAGGG-CTTCACG-CATG
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* % % Kk kK ok kok ok ok ok kok hkkhkhkdkkkhkhkhkhkkkhkhkkhkk khkkkkkkkkh kkhkhkkkdk *hkhkx

longum
CTACAATGGCCGG-TACAAC-—GGGATGC~GACGCGGCGACGCGGAGCGG-ATCCCTGAA
infantis
CTACAATGGCCGG-TACAAC——GGGATGC-GACGCGGCGACGCGGAGCGG-ATCCCTGAA

khkkhkkkhkkkkhkkk *khkkkkx Khkdkdkkdkok khkkkkkhkkkkhkhkhkkhkkhkhk hkhkkkkkkkk

longum
AACCNGTCTCAGTTCGG-ATCGCAGTCTGCAACTCGACTGCGTGAAGGCGGAGTCGCT—
infantis
AACCGGTCTCAGTTCGG-ATCGCAGTCTGCAACTCGACTGCGTGAAGGCGGAGTCGCT—

Kokkk hhkhkkhkkkhkhhkhkkhk KhkkkAkaxrAkhkhkrhxhkkhkkkkhdkhdkhkkkkhkkkkhkxkhkxk

fongum
AGTAATCGCGAATCAGCAACGTCGCGGTGAATGCGTTCCCNGGCCTTGTACACACCGCCC
infantis
AGTAATCGCGAATCAGCAACGTCGCGGTGAATGCGTTCCCGGGCCTTGTACACACCGCCC

Kkhkkhkdkdkdkhkkhhkhkhkhhhkhkhkkhkkdkhkkhkdhdkkdhkhdh ok ko k ok ok ok ok okt kok ok ok ok kkk

longum

GTCAAGNCATGAAAGT GGGCAGCACCCGAAGCCGGTGGCCTAACCCCT--TGTGGGANGG
infantis
GTCAAGTCATGAAAGTGGGCAGCACCCGAAGCCGGTGGCCTAACCCCT--TGTGGGATGG

Khkkkokk hkkhkhkhkkhkkhkkkkkkhkhkkkhkhkhkkhkkhkhkkkkkkkkkkkk khkkkkkk *kk

longum
AGCCGTCTAAGGTGAGGCTCGTGATTGGGAC
infantis
AGCCGTCTAAGGTGAGGCTCGTGATTGGGACTAAGTCGTAACAAGGTAGCCGTACCGGAA
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hhkkhkhkkhkkkhkhkkhkhkkdhkhkkhkhkhkhkkhkkhkkk

fongum
infantis GGTGCGGCTGGATCACCTCCTTA

CLUSTAL X (1.81) multiple sequence alignment& %F3iA dv|xdte 2 ZH3
33 F-AS sequenced& & F Uk 2 EE B longum 3 B. infantis
2 16S rDNA sequence’} 99% ol U&7 Wit ol BLUESF 71F
o F7HHQ 7 R testol] st FHEsE Aol Wasiy,

t}. longum I B. infantisE& TE37] % F T E test
718 ¥} X] : Modified MRS ®j A

L-arabinose Melezitose Cellobiose
B. longum - - +
B. infaniis + + -

Alduj %A 22L& HAASTS UrE}lHO'] AAH 3F9 bifidobacteria & %“6‘

Table 46914 2E #o] wlF 62Xz F 10° cfu/ml o1¢el 443 pH 5 °l3
o] Migled Yetdden, 53] CH-2 o Z-¢ 12724 viFAT 71 =2 A
A= Jeldt) Table 235 Fructo-oligosaccharide(FOS)E 8l4= 9 uf ¥
o A7t & WEAA A4 ¥gEs HEFE FAHSA

olgl A3l bifidobacteriadl FOS H7FAl oj=AH =l 435 HAH AL
Bag v gloy o] AgdAs F9Ad F7HE YEhiA st

5
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Table 46. Total colony counts of Bifidobacterium and medum pH when

grown in the Cynanchum wilfordii Hemsley 7 % extracts.

Time CH-2 CW-133 CW-155
Cell count Cell count Cell count
(hr) pH pH pH
(cfu/me) (cfu/mb) (cfu/md)

O 4.0%10° 6.60 6.0x10° 6.60 7.0%10" 6.60
6 4,0%10° 4.71 3.0%10° 4,98 2.0+10" 4.92
12 4.0%10° 4.43 4.0%10° 4.86 3.0%10° 4.62
24 7.0«10" 4,31 3.0+10° 4.84 4.0%10° 4.82
48 3.0%10° 4.22 2.0x10° 4.80 2.0%10° 4.81

* ( time is when

CWH medium.

1 9% activated bifidobacterium strain was

inoculated to

Table 47. Total colony counts of Bifidobacterium and medium pH when

grown in the Cynanchum wilfordii Hemsley 7 % extraction + 1

9% Fructooligosaccharide

Ti CH-2 CWwW-133 CW-155
ime
Cell count Cell count Cell count
(hr) pH pH pH
(cfu/mb) (cfu/mb) (cfu/md)
O 4.0«10'] 6.65 6.0«10°| 6.65 7.0%10° 6.65
6 2.0¢10% | 4.64 2.0«10° | 4.98 2.0+10° 4.95
12 4.0%10%| 4.55 4.0¢10° | 4.89 3.0+10° 4.86
24 6.0«10% | 4.28 3.0¢10° | 4.85 2.0%10° 4.85
48 4.0%10°1 4.20 3.0«10° | 4.81 1.0*%10° 4.85

* 0 time is when 1 % activated bifidobacterium strain was inoculated to

CWH medium.
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5. 3k 2 wi Aol Bifidobacterium strain ¥ &A1 2l acetic acid®} lactic acid

EE:

o

Figure 12~17914 = bifidobacteriag® 3t djA|o] @& A W acetic
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& e FFY acetic acid® BAsE YL T SUth Figure 132
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7vetA] B ol HlE) lactic acid WA Fol F7HE R 29, actic acid ¥ Ha
gt} Figure 147 158 CW-133 #F & 420 LAA FOS 7t v
vz e ¥ =g Uz Jom, CH-2 5 9%E BEA acetic acid B4 #
o] WE Az wa 183 Y& vehiz gtk Figure 169 172
CW-155 &5 2aAle HIE & Yetdin, 28 Ao gl webA acetic
acid®Hactic acid B4 #Fol F7IH &g JErdT HE 48AF F, acetic
acid A FL CW-15650FE Qo HEA 7% Ekon lactic acid B4
FE& CH-2004 2&A 7HE A JErst o) 439 &8, Bifidobacterium
strains® d490] BEA YHHE F2 BYEE lactic acidE ebet

ol

it
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Figure 28

. Lactic acid and acetic acid of the fermented Cynanchum

wilfordii Hemsley medium by Bifidobacterium spp. CH-2.
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Figure

29. Lactic acid and acetic acid of the fermented Cynanchum

production{g/!)

wilfordii Hemsley medium with 1 % Fructooligosaccharide

by Bifidobacterium spp. CH-2
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Bifidobacterium spp. CW-133
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Figure 30. Lactic acid and acetic acid of the fermented Cynanchum

wilfordii Hemsley medium by Bifidobacterium spp. CW-133
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Figure 31. Lactic acid and acetic acid of the fermented Cynanchum
wilfordii Hemsley medium with 1 % Fructooligosaccharide
by Bifidobacterium spp. CW-133
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Bifidobacterium spp. CW-155
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Figure 32. Lactic acid and acetic acid of the fermented Cynanchum

wilfordii Hemsley medium by Bifidobacterium spp. CW-155
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Figure 33. Lactic acid and acetic acid of the fermented Cynanchum
wilfordii Hemsley medium with 1 % Fructooligosaccharide

by Bifidobacterium spp. CW-155
6. 342 iAo Lactobacillus strains, Streptococcus thermophilus & A 9]

acetic acid®} lactic acid ®3lE &3
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o
v

el AAE YElWATHFigure 18~25). Lactobacillus casei 911,
Lactobacillus bulgaricus KCTC 2182, Lactobacillus acidophilus KCTC 3188,
Streptococcus thermophilus th-3 TF& st LEAZD A3 FHAHA A
EZ2o] Yelgton pH Atk vk 48x17F ool 12g/ ¢ ©]4tel lactic acid
g gAstAh e 5= 37C, £713 < 2 selA 0, 6, 12, 24, 48 H)
FAEE Aot FAG. APTF AR EY Ha AFALE 1272443t
el Atk sl A 2R " Lactobacillus casei B 108 cfu/m o]
Z79 9 o (Figure 34), Figure 19914 & o] #5¢] peak timeol 12A4]7HollA
24N ro 2 NdE s YERRIT o] #F 9 B¢ st ouiAd FOS ML R
ot FOS wAMTAAY #Hase] o A YWt Figure 208 21+
Lactobacillus  bulgaricus7t 3294 wagd ZAAE HAgxFn o}
Lactobacillus acidophiollus®l ## &AL lactobacilli 5 7Hd=28<Q 24
AlZbe el dth 53] FOS #H7bzeolAe v H 729 peak timeo] 244
" whE, 48A17F olF 2 AAHJUELEE HAFH Qi (Figure 22, 23).
Streptococcus thermophilus th-3 & stFQujAdlA LEaA £ 445 ES
Bl glew, FOS H7hielM 2o o & AX 718 Holy, H4 A
Aol AA8E Ve 2 Ah(Figure 40, 41). 3t+2. wfxjolA FOSEH 7}

S F7HAIE oy, o] AEdME A=FHEY A% At A
dE& JEen, §F93 F/HEE Rl Furh

-lm

Lactobacillus casei 911
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Figure 34. Total colony counts, lactic acid and pH of the fermented
Cynanchum wilfordii Hemsley medium by Lactobacillus casei
911
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Figure 35. Total colony counts, lactic acid and pH of the fermented
Cynanchum  wilfordii Hemsley medium  with
Fructooligosaccharide by Lacobacillus casei 911.
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Figure 36. Total colony counts, lactic acid and pH of the fermented

Lactobacillus

wilfordiiHemsley medium by

bulgaricus KCTC 2182

Cynanchum
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Figure 37. Total colony counts, lactic acid and pH of the fermented
Cynanchum wilfordiiHemsley medium with 1 %

Fructooligosaccharide by Lactobacilius bulgaricus KCTC 2182,

Lactobacillus acidophillus KCTC 3188
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Figure 38. Total colony counts, lactic acid and pH of the fermented
Cynanchum  wilfordii Hemsley medium by Lactobacillus

acidophilus KCTC 3188
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Figure 39. Total colony counts, lactic acid and pH of the fermented
Cynanchum wilfordiiHemsley medium with 1 %
Fructooligosaccharide CWH with FOS by Lactobacillus
acidophilus KCTC 3188.
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Figure 40. Total colony counts, lactic acid and pH of the fermented
Cynanchum  wilfordiiHemsley medium by  Streptococcus

thermophilus th-3.
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Figure 41. Total colony counts, lactic acid and pH of the fermented
Cynanchum  wilfordii  Hemsley  medium  with 1 %

Fructooligosaccharide by Streptococcus thermophilus th-3.
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Table 48. Results of selecting taste among strains fermented Cynanchum

wilfordii Hemsley medium

Color Sweetness Acidity Bitlerness Qdor Taste
P-Control 411.41 3.311.63abc {3.1¢1.16ahed 3.511.37abed {3.610.51ah {3.251 74abe
N-Controt 4.5£1.64 }3.5£1,04ab [4.110.75a 4.510.544 4.110.98a  {3.811.08ah
CH-2 4.321.03 |3.6:0.81a 2.83:0.75bcd 13.5:1.04abe {4:0.63a 3.1720.4abe
CH-2 + FOS 3.8:1.32 {2.611.2%abc {2:0.8%¢fg 2.511.87bed  {3.521.04ab (2:10.63cde
CWw-133 4.1:x1.32  [3.1£0.98abe {3.310.51abe 2.8:1.47bcd §3.111.10ab {2.6311.13ubede
CW-133 + FOS 4.6£1.5 3.4£0.49ab {3.910.8ab 3.8+0.75ab  |3.8£0.75ab |3.67:0.51a
Cw-155 411.41 3.6£1.03a  13.33x0.81labc {2.641.21bcd [3.6:0.81ab [311.0%bede
CW-155 + FOS 4.3:0.51 12.8+0.75abc {3.120.75abed |2.3:0.81bed  {3.5£0.54ab {2.5:0.54abede
L.casei 911 4.1£1.32 {2.8£0.75abc 2.8:0.75bcde |2.620.81bed [2.6£0.81b |2.920.4%abede
L.casei 911+ FOS 4141 2.3£1.03abe {2.841.16bcde 12.320.51cd  }3.3:0.51ab |2.320.81bede
L.bulgaricus KCTC 2182 4+1.26 2.520.83abc {2.540.83cdef [2.120.75cd 2.6£0.81b {1.810.44de
L.bulgaricus KCTC 2182+ FOS [4.1:0.98 |[2.121.16bc {2.1:0.75defg {2.3+0.8lcd |3:1.09ab |2.310.81bcde
L.acidophilus KCTC 3188 4.1+0.98 {2+1.09c 1.640.81fg 211.26d 2.621.21ab |1.720.75e
L.acidophilus XCTC 3188+ FOS [4.3+1.03 [2.620.81abc {2+0.63efg 2.611.36bcd |3.8£0.75ab {3+1.02abed
St.thermonphilusth-3 4.3:1.03 |241.09c 1.3:0.51g 2.121.16cd 3+1.0% b |210.8%cde
St.thermonphilusth-3 + FOS 4.120.98 |2.8+(.98abc [2.1:0.98defg )310.8%0bcd 341.08ab  |2.201 Abede

P-control : Non-fermented CWH

N-control : Non-fermented CWH with 1% FOS

a g ;Meanst S.D. in the same column with different letters were significantly different by
Duncan’s multiple range test(p<0.05).

2) st WwE A A A g

12 #5F7te] g3 sl LR AN A2 FFE Bifidobacterium spp.
Ch-2, Lactobacillus casei, Streptococcus thermophilus th-3 °©] &30 F7} &
L WA F2 BRFS YEIE TUIX Y FEF) ARHAAJAG. 2y 2F
d stree &ntd o A 2Ae K3 golM, 2E panel A 2A:

A8AA ARES JEhAA HAT olH @ B8 ARLE AsAA7] Sl
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Figure 42. Sensory test of the diluted-fermented CWHM

Sweetness
10

Colors—.__ 2w =™ .= Bitterness 1717 _ . F30%
-~ F20%
~ F10%
S ® i i
et [ Control
Odor Sourness

1) Control : CWHM
2) F10% : Fermented CWHM diluted with CWHM at the ratio of 3:7
3) F20% : Fermented CWHM diluted with CWHM at the ratio of 6:4

4) F30% : Fermented CWHM diluted with CWHM at the ratio of 91
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Table 49. Primary sensory test of the diluted-fermented or non-fermented

Cynanchum wilfordii Hemsley medium with sucralose

Sample Color Sweetness Acidity Bitterness Odor Taste
P~control 1) | 5.020.81a | 2.2+1.25¢ | 3.5+#1.73b | 1.5£0.57¢ | 3.7+0.57 2.2+1.50c

N-control 2){ 3.5£0.57b | 3.0£0.81hc | 2.5+1.00b | 1.7t0.57c | 3.521.00 2.2+0.57¢

A 3) 4.0+0.81ab} 3.0£0.81bc | 2.5:0.57b | 2.2£0.57ab | 3.7+1.25 2.3+0.57¢
B 4) 4.0+0.81ab |3.5¢1.00abc| 2.5+1.00ab | 3.0£0.81b | 3.521.00 2.8+0.95h¢
C 5) 3.5+£1.00b | 4.2+0.50ab | 3.7£1.25ah | 3.0+0.81b } 4.0£1.41 3.820.95ah
D 6) 4.0+0.81ab| 4.5+0.57a | 4.520.13a | 4.0+0.95a | 4.020.81 4.620.57a

1) P-control : Non-fermented CWHM

2) N-Control : Fermented CWHM diluted with non-fermented CWHM at
the ratio of 11:9

3) A : Fermented CWHM diluted with non-fermented CWHM at the ratio
of 11:9 in addition to sucralose 0.0025 %

4) B : Fermented CWHM diluted with non-fermented CWHM at the ratio of
11:9 in addition to sucralose 0.005 %

5) C : Fermented CWHM diluted with non-fermented CWHM at the ratio of
11:9 in addition to sucralose 0.0075 %

6) D : Fermented CWHM diluted with CWHM at the ratio of 1139 in
addition to sucralose 0.01 % a™c: Means+ S.D. in the same column with
different letters were significantly different by Duncan’s multiple range test
(p=<0.05).

=% Uehigth 2982 98 4o H4uE 190EE i Ee)) o )
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Table 50. Sensory test of the diluted-fermented or non-fermented

Cynanchum wilfordii Hemsley medium with sucralose

Color Sweetness | Acidity |Bitterness Odor Taste
Controll) 3.4+x1.29b [2.5+1.213h|3.5+1.73b 11.7£0.57b [3.9+0.70 [2.6+1.20b

Sucralose 0.01%2) 4.0+£0.81ab [4,5+0.57a |4.3+1.28a {3.4+1.12a [3.7+1.19 [4.6:0.80a

Sucralose 0.0125%3) {4.6+0.80a |4.7+0.78a |4.5+1.12a [3.4x1.29a [4.121.16 {4.0+1.16a

1) : Fermented CWHM diluted with CWHM at the ratio of 11:9

2 ) : Fermented CWHM diluted with CWHM at the ratio of 11:9 and added sucralose 0.01
%

3 ) : Fermented CWHM diluted with CWHM at the ratio of 11:9 and added sucralose 0.0125
%

a’b : Meanst S.D. in the same column with different letters were significantly different by
Duncan’s multiple range test (p<0.05).
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