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SUMMARY

I. Subject

Functional Characteristics of and Development of Multi-Functional Beverage Using

Liriopis Tuber

11. Objectives and Significance

Liriopis tuber was a perennial plant grown in Korea, contained many kinds of
functional components, The components has been reported that dropped blood sugar and
acted as anti-inflammation agents, This studies were conducted to select the best
variety and investigate functional <characteristics for preparation of
mult-functional beverage and also, to establish the best storing methods and to
develope the preparing methods of multi-functional beverage for human health. The

concrete purpose of this study were as follows :

+ Establishment of storage method for quality of Liriopis tuber as a post-harvest
technology

+ Functional analysis of anti-diabetic, anti-thirst, resolution of fatigue, stamina
in Liriopis tuber and its beverage

+ Pre-treatment conditions and enhancement of acceptability for multi-functional

beverage prepared by Liriopis tuber

111, Contents and Scope of Research

_10_



1. Establishment of storage method for quality of Liriopis tuber as a post-harvest

technology

7}. Commercial value and Outer appearance of dried lily-turf tuber according to

the of storage method

!

Changes of average temperature and humidity within storage periods.

Changes of Quter appearance of dried lily-turf tuber according to the change of

storage period.

|

Changes of Outer appearance of lily-turf tuber stored under three storage
conditions,

- Changes of outer appearance of freeze dried lily-turf tuber under storage
conditions.
- Comparison of flour color of freeze dried lily-turf tuber by colorimetery

according to the storage conditions.

Comparison of whiteness of dried lily-turf tuber by whiteness meter,
L}, Changes of moisture contents of lily-turf tuber according to storage
conditions.
-Changes of moisture contents according to the storage condition of lily-turf
tuber,
- Changes of total extracts rates according to the storage condition and drying

method of lily-turf tuber,

2. Functional analysis of anti-diabetic, anti-thirst, resolution of fatigue, stamina

in Liriopis tuber and its beverage

7}. Effect of Liriopis Tuber on hypoglycemic activities
1)In vivo test of water extract of Liliopis Tuber
- blood glucose level
- blood TC, TG, urea nitrogen level
- Effect on quenching thirst

2) in vitro test

- 11 -



-Effect of spicatoside B on insulin secretion activity of RINmbE cell
- Effect of spicatoside B on [Ca2+]i of RINmSF cell

3) Isolation and structure determination of spicatoside B

L}, Effect of Liriopis tuber on hepatoprotective activities

1). in vivo test
7}) Water extract of Liriopis tuber
L}) Oligosaccharide of Liriopis tuber

- Acute hepatic toxicity model

- Chronicity hepatic toxicity model

- Sample concentration and Acute hepatic toxicity model
- Effect of excessive administration of sample on hepatic toxicity
- Blood AST, ALT, LDH, TC, TG, HDL-chol level
- Isolation of microsomal fraction of Liver tissue and Total protein and
MDA
- Electron-microscopic investigtion of Liver tissue
2) in vitro test
- Cell damage model for in vitro test
- Light-microscopic investigation of cells
- Effect on Liriopis tuber fractions
T}, Effect of Liriopis Tuber on Exercise performance and blood fatigue element
1) Effect of Liriopis Tuber on exercise performance of treadmill model in rat
- Maxium exercise time, OGIT, Blood fatigue element
- Effect on quenching thirst
2) Effect of Liriopis Tuber on exercise performance of swimming model in rat
- Execise performance ability and body weight change, OGTT,Blood fatigue
element
3) Effect of Liriopis Tuber on exercise performance of treadmill model in
human
- Maximum exercise ability and Lactate LT

- Effect of beverages of Liriopis tuber oligosaccharide on blood fatigue

- 12 -



element
-Effect of beverage using fried Liriopis on blood fatigue element

- Effect of fermented beverage of Liriopis tuber on blood fatigue element

3. Pre-treatment conditions and enhancement of acceptability for multi-functional

beverage prepared by Liriopis tuber

1) General components and sensory evaluation of hot water extract from Liriopis tuber
- Analysis of general components and total saponins
- Analysis of organic acids, free amino acids and minerals contents

- Evaluation of sensory characteristics

2) Optimization for hot water extraction condition of Liriopis tuber using response
surface methodolory

- Changes in quality of the Liriopis tuber extracts on heating times and solvent

ratio

- Optimization for hot water extraction

3) Major chemical components in fermented beverages of Liriopis tuber
- Analysis of general components and total saponins

- Analysis of minerals content, free amino acids and its derivatives

4) Preparation method of beverage using fried Liriopis tuber
- Optimization of frying frequency, analysis of color
- Evaluation of sensory quality

- Optimization of frying times and extraction times

5) Acceptability enhancement of Liriopis tuber-beverage and economic analysis

- Sensory evaluation of mixed beverage

- 13 -



- Economic analysis

IV. Results and Recommendation

1. Establishment of storage method for quality of Liriopis tuber as a post-harvest
technology

This experiment was conducted for long storage of dried lily-turf tuber, Up to date,
dried tuber was used to store in warehouse, and it was dried by drying oven when it
has moisture over the proper contents,

In the test of standard storage condition, the tuber outer color, in one month,
changed into brown. After 4 months, the tuber decayed by fungus and the quality for
oriental medicine was disappeared, In the case of dehumidification treatment which
conducted on regular terms, the quality of tested tuber was decreased severely by the
attack of insects. The color of dried tuber stored in drying oven, in which the tuber
was dried on regular interval according to the moisture contents, changed into dark
brown compare with that of other storage condition, Packing storage with polyethylene
vinyl bag maintained excellent tuber quality at least after 6 months. After 12
months, the tuber color changed into brown partially, which is not severe than that
of other treatments stored in normal temperature. In the case of change of storage
conditions, the lily-turf tuber wrapped by polyethylene vinyl showed good quality
stored in deep freezer. Freeze dried tuber showed best quality in all storage
conditions., Whereas, freeze dried tuber stored in normal atmosphere changed into
unmarketable tuber goods caused by moisture acquirement. For more precise decision of
outer appearance change, colorimeter was used, The “L” wvalue, which mean the
whiteness, decreased a little in polyethylene storage, and the stored goods in deep
freezer showed least decrease in “L” value, In the case of freeze dried tuber, the
"L” value change showed the similar results as the above, These tendency showed in

the measurement of whiteness. The whiteness of dried and freeze dried tuber packed in

_14..



polyethylene vinyl was higher than that of other storage conditions.

Lily-turf tuber was analyzed about moisture contents and crude extracts extraction
rates according to the change of storage methods and conditions. Moisture contents of
tuber was decreased 63% to 6% after drying by drying oven, In freeze dried tuber, it
was 4% and the drying time was very short, As the storage time passed, moisture
contents of dried and freeze dried tuber closed to 11%. The same results showed in
deep freezer and normal storage condition, Whereas, the tuber stored in refrigerator
decayed above 13% of moisture contents, which showed that the moisture contents of
lily-turf have to maintain under 11%. Crude extracts extracted well in the
polyethylene storage condition. The 35% of extraction rates was decreased to 11%
after 12 months in seldom drying condition, whereas 13% in polyethylene vinyl
packing., In the change of storage conditions, the extraction rate of dried tuber
packed by polyethylene vinyl showed 15.5%, which was the highest extraction rate,
Those overall data suggest that freeze dried tuber packed by polyethylene vinyl
maintain the original appearance for several months, and stored tuber in deep freezer

showed excellent tuber condition.

2.Functional analysis of anti-diabetic, anti-thirst, resolution of fatigue, stamina

in Liriopis tuber and its beverage

7}. Effect of Liriopis Tuber on hypoglycemic activities

In order to investigate the effect of Liriopis Tuber on experimental diabetes
mellitus, the water extract of Liriopis Tuber was administered to
treptozotocin-induced diabetic rats, The levels of serum glucose, cholesterol and
triglyceride in pre treatment and pre-post treatment group were decreased. To find
out the insulin secretion activity of spicatoside B, in vitro test model of RINmSF
cells were investigated. Spicatose B isolated from Liriopis Tuber protected Scell
against streptozotocin and stimulated insulin secetion from the cell. Addition of
10004g/ml of spicatoside B was similar to levels of insulin secretion when 70mM
potassium solution and 300 uM ATP respectively was added to cell culture solution.

Machanism of insulin secretion was considered not to be cacium channel

- 15 -



L}, Effect of Liriopis Tuber on quenching thirst

Models of thirst were established from streptozotocin-induced diabetic rats and
excess exercise swimming rats, In model of diabetic rats, both of pretreatment and
posttreatment group were significantly quenching thirst compared with the control
group. In model of swimming rats, the group of administration of Liriopis Tuber water
extract was tended to be quenching thirst. But, the group of administration of

oligosaccharide of Liriopis Tuber was not effected,

C}, Effect of Liriopis Tuber on improvement of a fatigued condition

Models of fatigue were established from CCl4-induced hepatoxicitic rats and excess
exercise models, In model of hepatoxicitic rats, level of AST, ALT and LDH in serum
of both pretreatment and posttreatment group were significantly decreased, this
result suggested that Liriopis Tuber extract has hepatoprotective effect against
damage of CCl4. To find out the Hepatoprotective activity of fraction of Liliopis
tuber, in vitro test model of Hep 3B cell and BRL cell were investigated. Addition
of H,0 fraction was more hepatoprotectable than BuOH fraction, In model of excess
exercise in rats and men, administrastion of water extract and oligosaccharide of
Liriopis Tuber respectivly decreased levels of lactate, ammonia and phosporus in

serum considered to fatigue index.

2}, Effect of Liriopis Tuber on promotion of stamina

We investigated effect of Liriopis Tuber on promotion of stamina in Tredmill traning
and swimming model. Administrastion of water extract and oligosaccharide of Liriopis
Tuber respectivly prolonged miximum exercise time, it considered to promote stamina

of experimental group.

n}, Isolation of bio-active compenent of Liriopis Tuber
280mg of spicatoside B was isolated from BuOH fraction of 20kg of Liriopis Tuber by

method of previous report. Oligosaccharide was isolated from water fraction

A}, Effect of Liriopis Tuber on Oral glucose tolerance test

Oral glucose tolerance test was investigated in exercise rats. Administrastion of
water extract of Liriopis Tuber improved activity of oral glucose tolerance.

_16_



3. Pre-treatment conditions and enhancement of acceptability for multi-functional

beverage prepared by Liriopis tuber

7}. General components and sensory evaluation of hot water extract from Liriopis

tuber

This study was conducted to analyze the general components and to investigate
sensory evaluation of hot water extract prepared from Liriopis tuber, The extract was
prepared by boiling at 100TC for 3hr with 4-fold water., The contents of total soluble
solid, non-reducing sugar, total saponin, ash and total protein were 15,95%, 6, 54%,
1.73%, 0.33% and 0.40%, respectively, The contents of succinic, malic and acetic acid
in the extracts were 111.48 mg%, 23.67 mg% and 18.36 mg%, respectively. The major
free amino acids and minerals of the extract were hydroxyproline 1,290 wug%, glutamic
acid 456.2 wgx and potassium 151,35 mg%, respectively, Bitter taste in the extract

was not observed, whereas sweet, sour and astringent taste were observed.

L}, Optimization for hot water extraction process of Liriopis tuber using response

surface methodology

Optimal conditions for hot water extraction of Liriopis spicata tuber were
investigated with changes in solvent ratio(2~6 fold) and heating time(1~5 hr) by
response surface methodology. The content of extractable solids increased with an
increase in solvent ratio, and the highest content showed at heating time of 3 hr.
The content of total steroid saponin increased with a decrease in solvent ratio, and
increased with an increase in heating time at increasing solvent ratio. The content
of non-reducing sugar containing oligosaccharides at a lower solvent ratio didn’t
show changes depending on heating time, while that at a higher ratic decreased with

an increase in heating time, Optimal extraction conditions using hot water as the
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limited conditions of 15~18% extractable solids, 1,5~2,0% total steroid saponin,
6~8% reducing sugar, 6~7% non-reducing sugar and 13~15 brix were 3 hr of heating

time and 4 fold of solvenst ratio,

t}. Major Components in Fermented Beverages of Liriopis Tuber

Major chemical components of sweet drink and vinegar prepared with Liriopis tuber
were investigated sensory quality. The contents of total soluble solid, total sugar,
non-reducing sugar, total saponin, ash and protein in the processed of Liriopis
products ranged 7.71-10.67%, 4,94-9.77%, 1.98-4,67%, 0.80-0.59%, 0.40-0.36%, and
0.44-0.49%, respectively. In addition levels of succinic, malic and acetic acid in
the products ranged also 78.9-96.3, 23.6-6.3 and 12.7-2686.0mg/100ml, respectively.
Meanwhile, the sweet drink contained 1,89mg%(w/v) of hyfroxyprolin, 0,39%mg%(w/v) of
glutamic acid, 0.22 mg%(w/v) of arginine, 0.1bmg%(w/v) of citruline and 0,1lmg%(w/v)
of potassium, The vinegar contained 2830xg/100ml hydroxyprolin, 248.2ug/100m!
glutamic acid, 99,24g/100ml arginine, 205, 54g/100ml citruline and 143, 46xg/100ml

potassium,

2}. Preparation method of beverage using fried Liriopis tuber

This study was conducted to establish the preparation method for Liriopis tuber-
beverage with high acceptability. Frying conditions of the tuber for quality
enhancement of the beverage was analyzed. Solid contents and color of the beverage
was high and good when the tuber was fried for 15 minutes with middie fire, colored
with light yellow. And also, the quality of the beverage was best when added 8 times

water against the tuber and extracted for 6 hours at boiling state.

n}. Acceptability enhancement of Liriopis tuber-beverage and economic analysis

_18—.



In order to enhance the acceptability of the Liriopis tuber-beverage, optimum mixing
conditions of Insammi, Hwanggi and Ohmiza as sub-ingredients was investigated.
Optimum mixing ratio of mixed Liriopis tuber-beverage was 2.5% Liriopis tuber
extracts, 0.6% Insammi extracts, 0.6% Hwanggi extracts, 0.6% Ohmiza extracts, 10%
apple juice, 1.0% natural seasoning. The producing price of the 1 liter beverage
prepared with fried Liriopis tuber calculated from material was 10,000 won, but the

price of 1 liter of the mixed beverage was 545 won,
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Tanaka 52 3=, 35, Y&olA An] AAEL e WEES 7o) T A3 E £}
o Z=4t 0. longifolius OHWI, 0, japonicus KER-GAWLER ™I L. spicata LOUREIROE., ¥l=-
A2 L. graminifolia BAKER, L. koreana NAKAI®, d&Ar& L. graminifolia BAKER ‘;l 0,
japonicus KER-GAWERZE X .318}o] 2z} 7oA AniElal gl wEX%o] ME tlEris RS
Z| A&t v} Qlv}h, Tanaka 52 9¥2]31Ql 0. japonicus, 0. chekiangensis, L. platyphylla$}
S8 ¢l 0. japonicus var. caespitosus®] “dE-FofA] steroidal saponinA}2] opiopogon B
D7} SR gel vl3te] Aol &2 ZE AT v AujFZo] FHAHEL Yiko] 4
5+& njErcha dtadch

52 gl thsiAle Aol W A7} o] FojH =, Kato 5(1968)0] 4 o
=59 AT EHE] B-sitosterol, stigmasterolZ} T ruscogenin(5-spiro-stene-1,
3-dlol )& v|EEZ 3} steroidal saponingl ophlopogonin-A-B-C-D&] H-g|%t o]z}, 1972
¥ Tade o] §tao} o] oE 29} 23& sl USRS Wi, Watanabe(1977) & H|Y
TE 8h= (saponin) 3¥& ¢ F8l4 & ophlopgonin-B’-C'-D-2.2 r3ste] @x|7iA|
4% HET i 782 AlEde] RuE3 Qlr},

Tomoda o Katols WEE 3Zo] §48 UPR 0 2eage B

Aeto] 247} 4~9% A%, Zejagto] 57 A% $HFE o] QL& TSI

2] ZgoE WEF FR el A% AL §la shiAtE ZAR ¢ 9ES #€f
Huto]] {3t 7} 7HE o|Fo]x| 3L ¢lt}, Tremella and American Ginseng ©]8F AMEW &
2 onfE7, #A, wEE, WYFd 9 MR Gol AlgsiE gESR iy A
E SR, FFoA 718 Fo] FEsle] 2 AAET ), WEF, ux, B, %
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= Liriope genus, Ophiophogon genus % Pelisanthes genus®] 37|A| 22 EHEH AAA
OF 18Fo] a3t Qe Aoy B3 ol 9o, 2[velole Liriope Foll 35 (L
platyphylla, L. spicata, L. minor), Ophiopogon o] 2%(0. japonicus, 0. jaburan)o]
Bustn gl AoF By Fol g},

gh 3htoll A ofdE W AFE w3l AMAE 2ASIAL JIETHE FYste F
2 g HAES F93 dEA ApIE R sle WEEsde HEY Jdel tE
L. platyphylla WANG et TANGo]@}:L W3} w} Qlc},

m 25 o) M) et dRATE Sty HAE AP0 4] BiAlGe| Lospicata®
B spicatoside A, B 2] 2%&2] saponing 2|stel & A7z el wixlzo] FiF
oz dFsie] syl A =WFH 18( Liliopis platyphylla )25
spicatoside A, BE H-e]dleo] R 138}l spicatoside A2 & ¢F A S Hgm} Qlcl

W REe I 2E o]gdle Fo EIAFRA A, A A F HIASS Fi 78S
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MRS Boleldl A2E Axste] YRE ARSI dEHEER, REutEl Aol
Aui7E 7hssht A2 wiEgt diAge] S-S Bolal glal x| ciite] W)
ol AAE R gleh MEE 22 £ 3UTE 4ol o|FoA=r 3Y F& £
THATIZA HeEE @ 4 3, olulyt AutAEE Az $43 QAL A7) o
A stAE ] A2U ARl Az AAKo o]-§E I oM AR st wAH
ol el AR Wojx|A HrHl). it Pl wetdes 2 ~ 3dtel] 5 4 At

E,

#YL BATS HATH FHW YEE A2 o] 2L FL YL T o] Bz
Aol MH F ool BrE AT F AzYLL AZE BAc FE FAS o] 5]
Azstgont, AzAZe] A Be7t sy oA AEAAI "olxr Aol gl

AL glom £ P EE ARANS UEPYOEAN Loy ALE gl AT ARA|
AZEEE 60Co] H|3) 40C A7t ezt A48 Wold f43g Wl Azw glon}
H2e) ABARE 60Co]5} Azxst AzA ol THEAT} 4510 60T AR 23t
3 ogle Agolth(2). HEE FEE 53] Az WEE AT 4WalE A uh)
off Yol uigte] & Bal= N5y Ro] AFUTh AT ARA] &7lo] Fofsfof sh=u] &
717} 2pd hA) Rzshe] RAICH(3).

£ A7 B YEE AT o8y A2me Aue] Aws) € UEE A2 A

TS BYshaxr sAHGen, FAA Ay Hile 98 2 Ay % Ay
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2 kg7l &=

ZAE 98] 74 2eFE 1047 g 43 A2E AAsiaich v

18], 7943} 8ol 250] ghiA, 93} 10de] 13] F 73] ARE A
Astart, BAARE SAART A 247 50TCER HXste] APAEE ALt

Ao =AAAE 98] AR Zelofddl wd2 AU=ELo"dA(LIPE) R A7]=
A 600ge] AFE 4 e 37]2l 15cm x 20cm x 0.08mme] 2| ¥ 7} A= v]dE& AHES1e]
ch,

A3 Aol 4 271 s d AR A e Fart ol &E g, Ax
A4 HAzxE 49 Aol AHEEE AHRE ol8sle AEVIA %%%%21571
BOBP-10(1.5kw, ZZ&3F 400 ~ 500kg)E o]-&stdlrt. ¥ @ d& A2 dit g%
229 YA 4ToA W% AL -20Ce A 3B stolct,
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2. WEEe] Ao AT uhd JEEA AR 9 Py
) 29] oAt ZAL o)slo] WBE Hul A]E 4gof 80x MeOH 50mlS g1 80°ColAl
D7 13 BRFZY F No.2 AN o] BAA oI5l W] THA 80% MeOHE 40
mé%] ol 22}, 3% 4 RALE TFFEFY F, BE o2 §ste] A JF H57
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£3lo] ZAIEY 2EE o) F2T T, HF 0-BulH S $HT] AR 2HE
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Lab colorE&

28 3.1 oML “MEF 1357} 4] e R

Fig 3.1 Photograph of “Maekmoondong 1" in field condition and tuber in harvesting
time.
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F40] Go BHY £ QAUTh 1wl Bl AUART 657 Holrks 69 F4 o
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Fig 3.3 Outer appearance of dried lily-turf tuber according to the change of
storage period,
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Fig 3.4 Outer appearance of lily-turf tuber stored under three storage methods

according to the change of storage period.
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Fig 3.5 Comparison of lily-turf tuber outer appearance between normal and PE
vinyl package under three storage conditions,
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LhH A AEAL AbAstelnh, elan, 28 3604 FEI 4 gl wpel o], 13 A¢]
Az 7o e} nlarste] Be] W AFak €8 Wg AgolA Aolg Hof dE A Ao
Ae) wl o)A WEIL Jh Aol M el Y SEHE Bdvh FEeolddl vid A
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Fig 3.6 Comparison of outer appearance of freeze dried lily-turf tuber between

P WlE A, D PE A A, E o PE W AR

normal and PE vinyl package under three storage conditions.
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Fig 3.7 Comparison of flour color of dried lily-turf tuber by colorimeter

according to the storage methods,
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Fig 3.8 Comparison of flour color of dried lily-turf tuber by colorimeter

according to the storage methods and storage conditions.
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Fig 3.9 Comparison of flour color of freeze dried lily-turf tuber by

colorimeter according to the storage conditions.
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Fig 3.10 Comparison of whiteness of dried lily-turf tuber by whiteness meter,
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Fig 3.11 Changes of moisture contents according to the drying method of lily-turf

tuber,
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Table 3.1 Total drying dates according to the change of drying method in lily-turf

tuber
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Fig 3.12 Changes of moisture contents according to the storage condition of lily-turf

tuber.
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Table 3.2 Changes of total extracts according to the storage period in 1ily-turf

tuber
AN A 228 (%)
] Ak - - - -
AT 375 6704 -F 12774 F
-2 12.0 11.0 10.5
2271 A% 34.9 13.9 13.0 12.1
PE A % 16.5 14.8 13.0
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Fig 3.13 Changes of total extracts rates according to the storage condition of

l1ily-turf tuber.

v AN A2 ARERAE dUE B9 d& $22&2A dFH Y
A zke] A9 FH8o] o 1TxE vlsslela, & vid AR FRT of 2062 MR
Hlghg Baoh wbd Z) uldol] BIste] ol A A ALE PE} dHl
A8t AR F2&0] gol 18.2%F Rath

- 60 -



21

20

19

EE(%)

18

|K|—
17

16

15

EAH-WE SU-UE SU-PE- SH-PE- EH-PE-
42 ds 2yt

18 314 SAAZX NES A2 HARA ulE dA FE2E
Fig 3.14 Changes of total extracts rates from freeze dried lily-turf tuber according

to the storage conditions.
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Table 3.3 Changes of total extracts according to the storage period in lily-turf

tuber
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gt 22l 2 F84J0] ARo] Rzpd Zelrt A WEF AL 4%
A2 ddd §F Feo] HEe ol AR Holglom, A7 &
AHoteS odefA ik FeRREA HET AIS ity Wel FREe] = Zlem 24
o AFYFLOE AR AU FEHYES 7HAL e AoR Ry
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U The Qo st 313 HE We AoE AAXW £HY F4E ol
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o

[+4
pc]
M

i
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3
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Az AYYenE F7)0 0% A Yulg abvloksiul A7 AxE Wslok PEY
FASHE el ofeigol Exlsle] ML ) ARY 4+ = WS AFsiun
A +ysigck

MR ATe] Age] mE AT W el BF A A€ol AvkaAe
$ 47190] Ay Bgo] wAew o

O
=
A9L WA RS oA AgyIze] 2

r o

s|2 AEigol AR7Izte] uiet FA3] vk S

Helx, AzxI= %7]%]9_E Ax3 Zs 2iydste] FEHzch Wbl EejoEd v
& o] & ARE Holx 6717 = A T AEAgel AER, 12719l ¥
= 7MY FF dF Aol #HRHY] th AREAE T AR FF A
Bl X 2] Aelvt oS Rt 54
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ERES
Az A2 A9 P AZAR AZY Aol vla] AEMo] WA U FEE
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saotdal, e AR BHE A2 ALARH gol FEFSE AW HEY Ao
BTt FAAZY AT YBYLS ATo] vls) Fob YHH WEA ] HEHS B
fASE Aow zATgTh AU HEY U B AEE PAOR 245 98] A
AAE olgstol HYT Azt MEF 29 YEAI WIY WA A= L e 2% B
g A A% 1 agel Y 4eE HYD, AREANAE Beuds YEAP



g o] WEolA 1 s 7 Al 4 Az A9E BeuUE JEARE 3
7} 7 WETL dolA o) Wl &g o 4 ). o] Azbe Huke) WEE E3y
AzotE dAFO] AT FAAZY A BT Zejuld AR ol WEs g &

ot 4 ledu}.

BE Age) Aaungsl Az A0 gol AR B AAsigEy 48 wWsls
A 6ol EAE F 6%, TADZ F xglom, DRAVE FADZEI} A1
o Rt} AR7|7te] Astel mel A2} EAAZY AT BE llve] sdAe
2, WEI 4L AFE 1%E ST WA L) A 12%2] FHEAL Yol A
Ad o] FHE RIS Ho MES Ao SBYLS [1%o|5tE G AAL T ¢
glglth. otel e MY gA 2L WA AP A AR7T BE Zuly
o] 2&go] 7 wSE BT, AR 2] 2&gol o ol 1274do] At F 4
22 o 11s, By Ao ALE 1w FE80] TaPe RYrh APz s
o ZZgel W AT Belulde] BIbe] WEALY ALI 2Ego] 15.%2A 7}
2 29, udo] RSN %S AT WE Aol g £ £28E Urhilch 9
B EA SR G ga 2288 EYst] B o, SAARY A2 A7 AERE
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glov}, it rlol A HEE Agsie] HEE £ it /&L @A Rrfs dEFAzI} 4B
stz AR F ulE Zeludel wol rHsdt Ao RASIE o] oal AW £ o
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A 48 s o 7le

ok,
Y,
it

2%

ofelzx}, nigt @ stresset Z-2 B dzpel WHI HFHo| = Ao MM vl Y&
b, o]# 0lAI52 & Langerhan’s Islet®] Bcello] WIE Fof insuling Y 1A £
H] 9] 2= target organoA&] insulin Ao E oI |DE g

3¥Y 9 YuE dogi oo Fulste]l Al A Aol o]&o] TASHA FtEo] M

A A uriAE dogin, AhEE Easte] energyE WESHE Tl tAlE &

lucose thAbEGS ZaA]H

Z, Ig M3A Bare 8o] gl Zo® WUy, YA s, Ad, AL, &
2, ok, A Hol S&Hrh vl 3 o] HAo] Ustel HpHeR QIEH wil
e glomz B AP B YERe] Y A3zES Hda| R AR dxrel of
£ 4 QJEANE oAU AEAYOR A APstdrt. ER UEFY ¥ dT
o o# A Spicatoside BE ], TAsI A B-cell 9 insulin secretiono] tjgh
T3} calcium channelo] th3t Q11 E 2 35}o] spicatoside B HWi=¥/dof vzt K

2 @3 Ayaigry.
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2. A% L Py
7} WEE &5 in vivo test

1) d85=

Ay SEL2 A% 180-200g2] Spraque-DawleyE 24 Rat 50m}e] & Al 24:2°CofA] 3.3
APR(F, A, T)e & 88 TEIEA dFATY AU nE AR F Aol A}
|stolch. AE7izE 3 Au 22 124 F7)12 PoUe AR AE(E ] 08:00 ~ 20:00)
Sholal, & Aol RS HEFS U dusdAE N Ax, B
A&t

2) Aol =
W B Bl 100go] 2F4 500mlE 7}slo] Wzt A% E 2x] 7 30
gF T ol g 100mtE ZFeHsEslgic)

&hs
L
N
e
o
1

3) ol U W e ol
A3 ZEol pH4.32] 0.1M citrate bufferof 8313t streptozotocin(16mg/10048, sigma,
|3} STZ) 80mg/kgsr HEEE2] HZ Ulol] Fasle] 244120 F Aol 200mg/de o] 2] A
& Gt Ed 2oz slgirt. Y FEE Table 1.3} o] 2t Fwt 101}2]y 5708
stlch AAe AFHAAT 74 7 5UBY A Hi FRAE AFTolskD BAUA

ot
AF ke 10ntE, FA A AF kgD 20me2] 7AoNg Foistair).

Table 1 . Experimental Animal Groups.

Group A Normal

Group B Control

Group C Liriope platyphylla + Streptozotocin

Group D Liriope platyphlla + Streptozotocin + Liriope platyphlia
Group E Streptozotocin + Liriope platyphlla
4) Hrzlal
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P g F 1, 3, 545 8AF AHA F ZHAE FoIs)s] Ao ¥y &4 7] Glucocard
(KDK, Jjapan)® &3 314t}

5) "o A}

8212t AMA MHEFTEE etherE w317 MHY chd, heparin A |3} syringe A}
&t B thEmolA AP ¥ 3000rpnl.2 1027 A Faldte] g S Ao
Algstelrt, ¥4 £ total cholesterol, triglycerides= enzymetric method(Hitachi

7600-110, japan), urea nitrogen colorimetry method(opAitAef, ¥rl)o g =A3}oic).
1 }. spicatoside B&] &3] W in vitro test

1) spicatoside B2] &g A4 ,

et Qg YoAA Az, E4% WEF U 20kgE 80% MeOHE Al-LollA] 12417
2 33 F&3dlo] B extractS o]} ZHIsE313L H0, Ethyl acetate, BuOHZ 23}
c} o] ¥ BuOH 3% & Chloroform : Methanol : H:0 = 65 : 35 : 1008 Alg|y}4 HY
A utE 2253}t spicatoside BE Ha|s}ed “C-NMR, 'H-NMRE EA3}o] in vitro test
of AR&-38}aiTt.

2) in vitro test

7}) Cell culture

UFMEFSYL2ZRE RatolM Fefdt HF B AREF RINmSF cellE 10% Fetal
bovine serum(FBS)2} penicillin-streptomycin(100u-100ug/mé), 5.5sM glucose’} FT&-H
RPMI 1640 medium(complete medium, CM)ollA] 3~4d Z¥AH LR 37°C, 5% C0/95% humidity
air incubatoroll x| At)] wjsiHA Fx|AIZich

L}) spicatoside B2] RINmSF cell insulin secretion activity

(1) spicatoside B&] RINm5F cell insulin secretion activity I
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Athn)er® RINmSF cellol spicatoside BE KRB solutiono] o 1000ug/ml7} ¥ =&
o] insulin &B]¥AS ZA3}913l 2mM streptozotocin citrate buffer solution]g]¥

2} insulin #H]EAE 108, 30, 605, 1200% ¥ was}lelcy
(2) spicatoside B2] RINmSF cell insulin secretion activity II
Al oFH RINmSF cellol] spicatoside BE KRB solutionol] o] 1004g/mé, 1000xg/ml7}

HEE Fo] 302 F insulin #8984 S5} 70mM-K, 300 zM-ATPY] insulin S£8]¥
g3} vlastact.

t}) spicatoside B2] RINmSF cell?] [Ca”liofl m]x]i= ol g}

AlchujoF s RINmSF cellel] Table 2.2} Zro] A 2|8t F celluf?] calcium ion HX2] ¥
e dastct.

Table 2, Experimental Groups,

SP10 spicatoside 10ug/mé

SP100 spicatoside 100ug/mé

SP10-K spicatoside 10ug/méX 2|l = 70mM-K
high K 70mM K

ATP 300 L M—-ATP

SP10-ATP spicatoside 10ug/méxi2| ¥ 300 u M-ATP

3. Azl %
7b W&E% £32&E2] in vivo test
1) Fd7dsto] n|xj= gk
Y22 BE glucoseTHS Fhe HU Fol Thi FrBHEON hEFE Y f

Hogdol visl @AeA FrtEgleh. AA e e

©.
plx| BF vizgel ni ZtAE Rolrh, AFAeT S EY Bt FEE F FIRLE 3

=



oh el @Yol vha gk e AWt A4 FolH ok stressrlFel AT 47

Table. 3. Effect of samples on blood glucose levels in streptozotocin-induced

diahetic rats.

EExperimental blood Glucose (mg/df) Mean®S - £
Group lday 3day bday
Alnormal) 82.6+30.7 52.4%26.5 102.8+21.3
B{control) 438.4130.9"™ 4232+ 658" 466.2:-72.2""
C 206.7+46.2™ 171.3+63.4™" 168 +33.8™
D 319.3-57.8" 399.7+674 341.7+43.6™
D 436.71+54 457.3+356 470+ 182.7

“0€0. 05, "p<0.01, ""p<0.001 : significant to the normal group
*p<0.01, Tp<0,005, *p<0.001: significant to the control group

Group A ! water Group B : STZ + normal saline
Group C : Liriopis Tuber + STZ Group P : Liriopis Tuber + STZ + Liriopis Tuber
Group E : STZ + Liriopis Tuber

99 AL WEFe WY Fe4Ee BAWS 9
7] Aol Rol® wMEES AN A& W AoIAE Lehhe ol sl Gt £

UH F Fol¥ MERS 238 FFE ol Gl e ReR Helrh metd a@d
& dogle B ATl oA HEES Aoz I fage] sl AR A4
Hr}

2) @ & 14 4 xAo| nAe 9

Cholesterol HaH& Hlzel BTl Hlsl ZA Zrstar), AXe2s AFADEe
v ol wisl uwhgkn, FHEEE ozl vis) oft dssiach iz AL
alglth. Triglyceride $Fe}E rfjZ4-o]

jas)

—_

R4 o] Barol sl Zrbslalrt. AAeZ2t ¥
A el uls) ok ZAASIAlR, FAUTS chaPol sl ofzt gastgont,

.

thaket 2% thAR7E acetyl-CoAS mIZRESI] 4%

o4 Qe Ao & RolAlt gttt
omT vy futel o3t Wrlale ol4te A tixe] AolE Qesm



2 8 % Cholesterol?} Triglyceride 32k t]jZ o)A #ASIA Z7}stgch A8}
e FeddUn Aol WASA] Ryovt FAFold #F  Cholesterol 7}
Triglyceride §&fo] 23]8] F718t= A¥E Hof WiEFe] st 498 ¥ A& 5%
AFE-H T Cholesterol 3} Triglyceride?] 3tglo] o}z, o]& I3t @& Aojx 1.y
o, FUAE, IF T YEES U o3 shedo] Y Ao AR

Table 4. Effect of samples on serum cholesterol, triglyceride, urea nitrogen levels
in streptozotocin -induced diabetic rats.

*p<0.05, "p<0.01, Wp(O.OOl ! significant to the normal group

Experimental Mean+S - E(mg/d¢)

Group cholesterol triglyceride urea nitrogen
A(normal) 104.16 £16.84 37.07£11.89 2066127
B(control) 188.22+26.94™" 53.12+12.19" 40.27-£11.45"

C 159.29 £ 15 8+ 55.22+t1297 31.04+9.1
D 124.491 2017w 41,081t 18.15 35.88+15.19
E 169,70t 35.87 54.7712.69 40.19+11.34

'p<0. 01, “p<0.005, **p<0,001: significant to the control group

Group A @ water Group B @ STZ + normal saline
Group C : Liriopis Tuber + STZ Group D @ Liriopis Tuber + STZ + Liriopis Tuber
Group E @ STZ + Liriopis Tuber

Urea nitrogen®| ¥ thzo] FAtdtol nisl A Asstala, Az AFHe
& oz Fol vla] R WA, FH L 2 n)5gt oAkS B.alt) Urea nitrogen
= AEH I, & A caloriesd, WA acidosis, $F 7HAH, 1d, 4y F,
AA Aof 21e] Hale g2 FUIEIRE R AP WA acidosis® Q5] & = Urea
nitrogen?] o] F71E|QIth ¥hH, ¥ 2 Urea nitrogen] ¥tako] A s}A Z713F vz
ol vl AAZH AF Aol W k& R, ol oy 8xg Foj¥ iR
o] o= A% ¥ F Urea nitrogen?] o]AFE A3t RAow A2, A Wiy} S
B ¥ FiT MEES W 7 24042 olg AT 4 gt Hos Azt

d

3) dAFslol njA= JF
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22 Bxfid F E43PS Fdel vig) sl oY A 3 7ol A &el

Sl wel oS dstalck | 370 AdZ BF 1d Fole FAT Alol7} glalent 3, 5

3 e HAE uvrpglen, Aot AFAeoM o 2 FASE 2

e frdol A AT RN U2 AL BF T el A3 Bl nl

o A% #A5ES Rk Adeo] Fade] whet Azl AFAeE, FAE BF A5

222 Uity 53] AAz] @ AFA Lol AFFAHT DA sj4E

£ B%E Yehleo] WiEFol Yol A% AFFAAE AATS Hdsiginh o¥abdelA]
HESES Y ol Fieol ARt AFFdol A Add ez Azl

Table 5. Change of water absorption

Experimental Group lday 3day bday
A(normal) 216164 221160 22354
B(control) 98.6+37.8" 137.81+44.8™ 153.84-47.2™

C 861279 89.4+31.9"™ 79.34:25. 7"
D 1005284 102.9+£29.3™" 88.2+£254™""
E 100.5+28.4 118.3:+345™ 118.1+34.4™

"0¢0,05, "p<0.01, ™'p<0,001 : significant to the normal group
"p<0.01, 'p<0.005, *pc0.001: significant to the control group

Group A : water Group B : STZ + normal saline
Group C : Liriopis Tuber + STZ Group D : Liriopis Tuber + STZ + Liriopis Tuber
Group E : STZ + Liriopis Tuber '

L}. spicatoside B2] 2] 4l in vitro test

1) Spicatoside B8] 2] & &3

Wi I Y 20kgS 80%MeOHT 2ol A AU F&310] of 3.4kgd] F5E5S ¢
dck olRe ZF40l WAL F Ethyl acetate , BwHE ThA| §ul ¥ sfel Lthyl
acetated 176g BuOH 220g& ¥ th ©] % BuOHE-& M7t YA 2ulETe)¥(silica
70~230mesh, merck)E 3] whE3slo] 280mge] AR WS ¢igir}, o] F 13C-NMR, 1H-NMRZ:
A3to] Lee 19921)550] R31%F Spicatoside B2} dX]3E Fgsigict.

2) in vitro test

...72_.



7}) Spicatoside B2] RINmSF cell insulin secretion activity

(1) Spicatoside B2] RINmSF cell insulin secretion activity I

RINmSF cellofl M eFEA 2] 103 A3 F insulin secretion?] W|ZojlA] Spicatoside B2
AHe|ZF ulA g™ Ao lng/mlFE2] FoAeds 278 By}l 305 A3} & Spicatoside
B2] Hz] nlAe]at 5 insulin secretion 27} A3 LEINY 2L} Spicatoside B A2
o] HlHzlo] ulE]l 3w} AE wWol insulin secretiong B}gPr). 60 Az &
Spicatoside B H]*] 2] 30 A3} wio]l v]3] §-2JA9lE insulin secretion 2715 K.0]
2] x8tg oL} Spicatoside B A 2|2 3087 3} F2} w]aste] insulin secretione] -8-9
4 A & F7lstelet. 12002 Fojli= insulin secretiono] RS Ing/mlo]3} 3 oFA 3}¥]
it
Spicatoside B7} 3% B-cell& streptozotocin®ZHE H. 33l insulin secretiong &

=

At Ao AzhE et

Insulin secretion

£ 9

o 8
7
6 basal
5 B stz—basal
4 OSP
3 ‘Ostz—SP
2
1
0

10 30 60 1200
min
Basal: buffer stimulation stz-basal: streptozotocin A 2] ¥ buffer stimulation

SP: Spicatoside B stimulation stz-SP: streptozotocin A 2] ¥ spicatoside stimulation
Fig 1.

(2) Spicatoside B2] RINmSF cell insulin secretion activity II
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RINmSF cellof tj¥} picatoside B2] insulin secretion® X+ 100ug/mé A 2] A] KL} ATP
Helkol dubdee] FAe ehlad, 10004g/me A2 A] Ky} ATPH 22} vls=3t A S

LIERA SITE,

Insulin secretion
E
o)
c
Basal SP100 SP1000 High K ATP
Basal: buffer stimulation SP100: spicatoside B 100ug/mé
SP1000: spicatoside B 1000zg/mé  High K: 70mM K ATP: 300 M ATP
Fig 2.

1}) Spicatoside B2] RINmSF cell€] [Ca®lio] m|x| o) &}

[Ca2+]i

100

nM

-20

SP10: spicatoside B 10ug/mé SP100: spicatoside B 100ug/mé

SP10-K: spicatoside B 10ug/mé A 8] 3% 70mM K High K: 70mM K

SP10-ATP: spicatoside B 10ug/mé A 2] 35 -5 300 zM ATP ATP: 300 M ATPATP
Fig 3.

Spicatoside B2] A g|o] 2|3l RINmSF celll) calcium %+ Spicatoside 10ug/me3] ] A]
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H3E F2] B3l spicatoside 100g/méd 2ol @3] RINmSF cellu) calcium 7}
108 = Zhasts ZF3E UeRdgth ol ATPU High KA glolAe] ofakz}l wel
Spicatoside B2} #]#& B cell insulin secretion mechanismo] tf3] ¢ ©he 1317} "ot
Ao = 4ZATh

4, 9%

YEF Pk FAL RatS IO RE in vivo testo] X BEE 43220 Ko7l
Seof o¥t WRASto] HATE AUSE HASIOITE Hieoll 3 o]t piAtE HAH A ¢
¥ % urea nitrogen?] ZhAol= ot W oA Fol A ZAAASES LERjY oL X
oA L33 ot Frkele F¥E vehicdth Wiol 28 AFFHE ol AF
EFoA ottt MY 2aE 27} 9l Aatal

d Kol WFgEe Fort ZAFshe] B 9l
vl WEEogRE #2 AAY Spicatose B2 RatoA] -Feigt 2% B AES RINmSF

cell S A0 28t in vitro testoA] Spicatoside B 3% B cell streptozotocinl. &

)

HE KI5 insulin #H]E &3 22 eI, Spicatoside B 10004g/me, 70mM
K, 300 M ATPA 2|9} W]52&) insulin secretion®¥AtE H.oJr}, E3Z} Spicatoside B2 A ]
S H 8 coll Ul caciun ion w27} N YA 18 zasts AR vehbol

insulin secretion mechanismo] Ki} ATPS] Az} vhE Ao ztx|qlc)
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1. Ao

FELtetE B Este] A, I Wiol 2asl= WE%E Liriope platyphylla Wang et
Tang2 W aol] &oh= chdd XEAES AR RO 22 5o AAYsiY 7
2 ] Bol g AMSSE B WYY o] S, 9 F4 o)
I g fLyolrt, MEEe] 2 AEEE 2Y9WES% Ophiopogen japonicus |
/5% Liriope spicata®o] Qltl. W% wl JuE%e] AE O T steroidA saponin
Ql spicatoside A, ophiophogonin A, isoflavonoid® ophiophogonene A, B -sitosterol,
stigmasterol, steroidal glycosides, oligosaccha-rides ! polysaccharidesio] <ta#A]
it 49 WE%E steroid# saponin®l ophiopogonin A, B, B’, C, C’, D, D'So]iy,
homoisoflavonoidf 2 ophiopogonone A, methylophiopogonone A, B, ophiopogonanone A,
methylophiopogonanone A, B, 8- sitosterol, steroidal glycosides, oligosaccharides W
polysaccharides 58] H42& $ha-3ivia odw# qict.

HEEe fgol ¥ ATEE IAHE, BUF AL, steroidA saponinF shuiel
ophiopogonin D2] IgMBA 4t 24, 49 W54 F saponing] ¥ F4W {2150
HasolHel I T NHF fqAF QY2 2go] AT, FTU A8 A] £¢
B ThE gAeke] MR Tyl 5% methotrexate T2 QIE
Zith=z e olrh vt ofuel, 2 1997)= #&EF buthanoli¥o] ZHE ¢F A ZFo| )
T AT AEEES UEhdohal Raste] 2L sHedE Relnt dlom, F 1998)
ol2{3t WEzo] oF MEFof tigt A3 AIEAHo] MIEs] 23t Zlo] opfel: A
< YWBUglrh o[ o] e T otelBEE /IR Ao Ao HEEY
ANs 52 W HEgo] i 2etAel A7t mjdsigdct. wepy 2 A 9
52 i Ae|Ede] dBoR HEF FFEEY CClFojol 93t 7t &4 oy 4 3
BRE dolR 1Al in vivodl in vitro® AP E A EF} T in vitro testofjA] ¥ o]yt

4-E K3l Vater fractionQ2HE Ze|1%S do] Seliy SEEAY RT HHS

o

in vivo tests}olc}.
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2. Az d Py
7}. in vivo test

) AdsE

Ay ZE2 AF 180-200g2] Spraque-Dawley® &4 RatS A 24+2°CojlA] TP AR
(3, Ao, )8t 88 S8 FEH3IHUA AFUWY AN UNE A F AEo| A&}
Ack. AEZIL F AV 2B 124 FU82 WS Ae2A (P 08:00 ~ 20:00)31%
3, & Ao AT HEEE WY e sdAE A A2, 4T A& FFUot AME

e,

2) Aoe 2

HE S EE 100g0] FH-5 5000 7iste] WZuE AL F 240 308 71, &
g F oA E 100wz s Hste] WiEF +3aE AR syt HEFEUS 80%
MeOHZ AlZoA] 12217t 33] F&3}o] €2 extractE ZY%F3liL Ethyl acetate,
BuOH, H,00) E¥3lod A8 water factionZ ODS columl B A, ZAHAARSI FFTE
S4siel MEE SUNYER AL Sy

i)

lo

3) 54 d W HA2 Fo

7h WES erade] ik g

Table 1. Treatment method of experimental group

© Normal
: CCly Control
. Drug (Liriopis tuber) Control
. Pre-treatment The water extract of Liriopis tuber(10ml/kg) + CCl,
. Pre-post treatment
The water extract of Liriopis tuber(10ml/kg) + CCls + The water extract of
Liriopis tuber(10ml/kg)
F : Post-treatment
CCl, + The water extract of Liriopis tuber(10ml/kg)
G : Post-treatment (excess)
CCl, + The water extract of Liriopis tuber(20ml/kg)

e 3w @ B vollile
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HEPE olive oil} B UL (CLEYS MHEEL] 57 ol Foiste] fubsio]
th &2 2} 39 10utey] 7o o] Aystdlen AL AWY-2 Table 1.3}

542 olive oil3} T ZIRF CClLEAE APYFEY H7 ol $£q310] fu3}
th A EES Table 2.2} o] 2} 79 10mp]H 4702 Lhpo] A¥sialct. Zele] £
= UEs Y] SHEY O] Table 2, 9 Zo] HEF Faro] FAste] {217
stgith. o] Wl iR LT EHHNTS 8 de AolE Relx| dr)

(p<0.0001)

Table 2. Treatment method of experimental group

A T Normal

B @ CCl; Control

C : The oligosaccharide of Liriopis tuber(500mg/kg) +CCly (1ml/kg)
D

* The oligosaccharide of Liriopis tuber(1000mg/kg) +CCl, (1ml/kg)

,_)%Ag% olive oil3} % F33t CCl L YS 2¢ ZHH 2% 13 0] CCly 0.5ml/kg® 43F]
AEEE B2 vol Foiste] fustolet. HPEEES Table 3.3 o] 7 29 10n}e}¥
4Z2 % LHpo] ARstalct Ao Rl WEE &eliwe] -3 %] Table 3.3} 2
o] HEE Zol FAMslo] ARFAHA st o] wl RT3 g EMEL H
278 gl AelE RolA] Ygith(p<0.0001)

Table 3. Treatment method of experimental group

A Normal

B : CCly; Control

C * The oligosaccharide of Liriopis tuber(500mg/kg) + CCly (0.5ml/kg)/2day 438
D @ The oligosaccharide of Liriopis tuber(1000mg/kg) + CCly (0.5ml/kg)/2day 43]
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(3) ol WE 24 VEAol oy PR EIY
APFES Table 4.7 Zo] 2 27 10u12]4] 6202 Uro] Agsloc,
Aol Fole WES Selnwe] s1R43%o| Table 4.3} Zol HES g0l B slo]

84217 stelch

Table 4. Treatment method of experimental group

A 1 Normal

B : CCly Control

C : The oligosaccharide of Liriopis tuber(200mg/kg) +CCl, (Iml/kg)
D : The oligosaccharide of Liriopis tuber(300mg/kg) +CCl, (Iml/kg)
E : The oligosaccharide of Liriopis tuber(400mg/kg) +CCly (Iml/kg)

F . The oligosaccharide of Liriopis tuber(500mg/kg) +CCl, (Iml/kg)

Asto] 1443 2 A AIgc) o] w) B AEEZe] SH3HE 7Ad de AolE

Holz] ¢rUrHp<0. 0001)

1) Bz
CCly Fo] 24A|2F 7 mje] 8A|ZF HAA]Z) RatZ oHIER mp3A]7]iL E-FcisolA 2|
dsto] 3000rpm 104-7F A e|ste] €2 HAHo]A AST, ALT, LDH, tatal cholesterol,
HDL-cholesterol, trigyceride F=-& EXA3}ac), AST2F ALT, LHD:= UV method®
HDL-cholesterol3} Tatal cholesterol- enzymetric method® AI¥}8} EA]7|(Hitachi

7600-110, japan)ojA ZAs}eic).

5) 7t2 A Z2) microsomeZ o] Ha| W = vzl MDA(Malondialdehyde)

S HEste] o 4 J[EL FAEEHE saline 2B MHsta 2F 24 1g9 9] 8%
0.9% NaCl %8 7}slo] Wul5lo] tissue homogenizer® nfafdlo] -2 Aory.
g 8,000gol A 3047 YAEelste] 3 U njnpy FF& AASIEL O A AREE 36l

ot
™
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105,000g0 A 9077t QA F28}e] cytosol B 0.2 Hujslalon Ao Sake] 0. 1M
sodium pyrophosphate bufferE 7}l 144, 000go]A] 6027 XA E2]sto] €& microsome
+8& 50mM Tris acetate bufferdf xJ&4F Aj#] F BF8lo] A}&s17] A7 -70Col| A
BEstoict. Total proteind Lowry method, MDAY Uchiyama method® &3 &}¢]c],

) 2] AxpEnAA 47
Ambrogi®] dyel wlel 7zl JHE  Im’E  Hhele] 4°ColAl  2.5%2
Glutalaldehyde® 2A] 7H5-¢F 71
o7 23t sxnfsigict, A3E ZAE ultramicrotome(LKB ultratome V). 8 Zul Awi3d)
Z, uranyl acetate®} lead citrateZA] 2% Az} GMsty HMA}F | 2 (JEM 100-CX) 2.8 2
%

stalct.

A%t F ethanol3} propylene oxide® ®43F %] epoxyepon

1}, in vitro test

1) MaEujed

Hep 3B(Human liver cancer cell line)?} BRL(Rat liver cancer cell line)2 %=t AX
T 280 A Zg ol AE3}9ict. Hep 3BL: 10%(FBS) 2} penicillin-streptomycin (100u -
100g/ml)o] 37}¥ DMEM low glucose medium®.Z 2739 Z¥A o8 37C, 5% (C0:/95%
humidity air incubatoreflA] ujje¥sloitl. AL QsjrE= o] AF 294 sl s
phosphate buffer saline(PBS)Z 23 M|33}5L, 0.25%Trypsin-EDTA R0 2 MEE Fa]x)
7 fAngd o 2105cell/mlo] HES 2Adto] MG ¢t A]H Ao ALgslgc].
MIE Q&I NE 4= FnF sl hemacytometerE o] &3to] AlxF3}eitt, BRLL: 5%FBS
2} penicillin-streptomycin(100u-100g/ml)o] 2 7}¥ DMEM low glucose medium®.® 2~3¢
7t 08 37T, 5% C02/95% humidity air incubatoroflA] wjerslglom c}E A2 Hep 3B
o T2 WO R AAsigict

2) in vitroo] A2 7t B 2w

10% FBS/DMEM 2] & o] &3}o] 2105cell/ml & Z& 3} Hep 3B cell} BRL cellg 15044
96well microplateo] FF8}3L, 48A] ZHsqt wiarsle] MEZE wiwhddo] H2tAA njokel 135
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wE A F A wlA] 1% BSA /DMEM & 135447 71810] 4441 3F nfeFstelct.
4422t ¥ 10mM CCly/ethanol 5, 7, 10, 13, 15, 20, 30, 4014 H7}ste] 9082

exposingA|Zl F MIT assayE AlA]&}gdc}.

3) MIT assay

MITE 1mg/ml %55 Phosphate Buffer Saline(PBS, pH 7.4)oll o 0.22im filterE o
I F Y ga(-20C)ollA Rysiolet whE F AAH formazan crystal g 5ol njE
= DMSOE Al2olM Hsim ARE3HTh Hep 3B cell®} BRL cell?] ME F&&(cell
viability) £3-& ¢35 Tissue culture flaskolA] Wjors Hep 3B cell=} BRL cell?] cell
density& 2105cell/mlZ 2T F, AHUEZ 715to] 2 w5 GE-HE ey 2
At 2 R rg 2ZAE JE-AXEPE N (drug-cell suspension)S 96-well
microtiter plate?] 2z} wello]l 150u0% FQ13}3L, 44A17F vjed & AAF L A3 7}
wello] 10mM CCly/ethanol 105 7}8}e] 907} exposingAlZl F 1mg/ml2] MITE 5042
7bste] 412 o mfFAIA MITSE M 27F FE3] 1H-&Ste] formazan crystal 2§/go] By o
et F S F8313 3000rpmofl A 2027 YAl Fe]dte] formazan crystal& H A
oL 7 welle] W SloEE 30 FE WA A AEAE AAsk, LUH formazan
crystal& 150ub/well DMSOE. &3iA|Zitt o]& Hupd 540nme] oJ2}7]7} §-2¥ ELISA
reader® 5] A4 (optical density, 0D)& HHT F, T} 2 Aol <o) 2t A
o) A WEL(cell viability)S AAS}ISCE.

¢

¥ i

(OD of sample - 0D of blank)
Cell viability(%) = X 100

(0D of control - 0D of blank)

) Aaze] eten|EA 22

Tissue culture flaskol|A] w]o¥¥Hep 3B cell:} BRL cell 2] cell densityE 2105cell/m!
2 23 F, AEYES JIste] 4 = oE Ak dYAS At 4 4F sk
2 2R FE-HEFE NS 24-well microtiter plated] Z} wello]] Iml®] F35}3, 444]

Zh wfjok = AANLL 28 Zb wello] 10mM CCls/ethanol 6545 7}5}o] 9027} exposing
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A2 F A S uA At FA] FHn|F ez ATt

5) WEF EHE tjg AY

WEEY &Sl R 2 H3anrt UiE £Y 3 ot Aol A3t Aelx] o
ohJ7] ¢]8f CCLLE -R=3F Hep 3B cellZ} BRL celld] 7t S4of] thgt WEESY B 23
Buthanol #¥2] RIFNE HEHE Aysiglon RIFAYEE wlasls] <3

silymaring tf2 & 3}gic}.

&}

\J

6) MEujere] F ALT B £3

Hep 3B cellZ} BRL cell®] MEEA AEE U7 91T M wide] 329 ALTE & & 9
3] Tissue culture flaskollA] wjer¥ Hep 3B celld} BRL cell 2] cell density=
205cell/ml 2 2T ¥, AUGBE el 4 Sud GE-AT Yeelg zastelch
z} ofE L7 ZAY oFE-MIEHEINSE 24-well microtiter plate?] 2zt wellof lmi%] 3=
BEaL, 44417 ey F RAAES AT 2 wello] 10mM CCly/ethanol 6545 7}ste] 90
2t exposingA] 71§ AEzu]ofelS 2sle] 4 °C, 3000rpmoll A 53t LAl Felsle] G

¢} ALTE Reitman-Frankel .2 & 3 35}¢lc)

oN Hr mo

3. A3 ¢
7}. in vivo test
1) MES $22900] g U
) BHSHe e w3t
(1) ¥ ¥ 24 9 Ao nAe 9%
CC14E Fo38F tlxF&] ALT, AST, LDH, Total cholesterol, triglyceride x| A X}

zoll ¥is) 2 7k Holen] Hhle Aol wisl & ZAE Rl Lo nis| &2

RE Ae|a-9] ALT, AST, LDH, Total cholesterol, triglyceride &&= t]Z o] v}3) nj

o
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T 74 e FAaFE Rgon, HL =X §44 A F715 2o 53] 9&FEs A
&3 FAe|abedatoll A ALT, AST, LDH, Total cholesterol, triglyceridetnclsms ujj-$-
A

R4 9t 2AE Rgon HL4AE £94 Ak 3718 240,

Table 5, Effects of samples on blood ALT, AST, LDH, TC, TG, HDL-chol. levels in

CCl4-induced hepatotoxic rats.

Experimental AST ALT LDH TC TG HDL-chol
Group (karmen) (karmen) (W.U.) (mg/dl) (mg/dl) (mg/dl)
Alnormal) 324186 300+035 5284+t9.1 32.5+54 364+48 3254554

Blcontrol)  205.0+30.0"" 1355+30.8" 1347.2+£309.0"" 56.2+29™ 718%29" 562129

C 408+122 33.21:6.6 49721379 306+59 37.0t72 30.6E£59
D 41.818.64xx  62.2L89%xx  J07.6E37.0kxx 277 HA 4w 373E55%0%x 2972 Aax
E 14781338+ 6841:17.5%xx 56391+ 170.9x%% 4252096%*% 34.3LE34%%x 31.1 3.8k
F 162.3+373% 7351£16.8%x% 6151+ 168 4%%+ 5177 0x%x B3 3:4 4sxx 27412 4%
G 14251 9,0%% B8I T 24 9x4x 22021 179%xx 3404 Tx+x 22414 6%%% 31.0:E3 Tk

p<0.05, "'p<0.01, “'p<0.001 : significant to the normal group
'p<0,01, “p<0.005, **p<0.001: significant to the control group
A normal B: CCly control C: Drug control D: pre-treatmentTable.

E: pre-post treatment F: post-treatment G: post-ireatment (excess)

CClyofl 27t Tr&Ade]l Zfoll dAos HAY F2) AST, ALTGY cirbiE4AS] YT}
S715ta dEviAEE W E@EiESE §o £E5F parametero] of 8] 71A] WL e}
duban oA gleh. e siwA] B4l dElR XA 7} FE Fd] A, AL, 23
5o EXE0] o] AR F, T AHolN S LHEEEE CCLY Fo2 1
gigo] gotglovt WiEE +FEEY Folo] o3 F2d A viebzich CCLe o]z

Eydo xAgtard e FAI8T AEES Holu B3] triglyceride?} total cholesterol?]

rigt
S

o

Wapel 2 WHE Uehhglon) MEgE S3Ede] AFAIel sl F44 At gae 4
Ag Bolrh olEA WMEE $32o] AUrie) HEE YA|sin wsE A WojAg 3
oz NEAA WS NEAAS THed S Btk FRHC
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(2) zke] microsome &% ue] & whA3} 2]H Fpxtsfo] mjA|= ¥
Microsome S¥je] & whaile} ek AAlFo] wls) tlaTe trE oLt BE 9
25 FolTolA vzl wlal F/13 FAE LEh T
S Hglvl, MpAS] HEf mEh Fautoll wlel viRatS H4E
vzl el FY FAE YEhfRe dX gL Ee F3 S

=
=
2]3t endoplasmic reticulum Bh&ARS. chalgld g A 3)5lA] Elo] 3t 22 F2] total

i

o
Y
of
=
ol
o
2,
BN
™
(o
Htt
Ay
N
E
_O'
ﬁ.
_12
N
o
)
oL
N
o
ne,
o
g
1
RS
E
i
2
2

e,
s
g
i

Aol ME 2t 22 F9] total protein®] J&Fo] tRgto] AAfte] wls] Fristelon of

o] 7¢] total protein kS S| alA ZAsle] MEES o2&

Table 6. Effects of samples on microsome total protein(TP), malondialdehyde(MDA)

levels in CCls-induced rats,

TP(total protein) MDA (malondialdehyde)
Group (g/dl) (nmol/mg protein)
A 52402 14+0.2
B 4.0+0.4 1.6L01
C 5.310.6* 1.2+0.2%
D 4.9.1.0.5* 1.3+:0.3*
E 46104 15102
F 41107 1.510.1
G 44711.0 1.410.6

#p<0. 01 compared to the control group,
A: normal B: CCl4 control C: Drug control D! pre-treatmentTable.

E: pre-post treatment F: post-treatment G post-treatment (excess)

2
g1, 2, 3, 4% WEF £720S A, A 2 wel e uF2E Aaken
OF AWT AOE Fig 1.0 ZATL EHT AR ), o Felo] FHOE WY

o
¥ 2 A F 3 (Rough Endoplasmic Reticulum, RER)Z} #2bEln, vla? & wd¥ IR A2}
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A: Normal B: CCl4 induced hepatotoxic group
(control)
Fig 1. The electron-microscopic investigation of hepatocyle in CCH4 induced hepatotoxic rats

with the waler extract of Liriopis tuber.

C: The water extract of Liriopis D: The water extract of Liriopis

Tuber control group tuber + CCl4
Fig 2. The electron-microscopic investigation of hepatocyte in CCl4 induced hepatotoxic rats

with the extract of Liriopis tuber.
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E: The water extract of Liriopis tuber F: CCl4 + The water extract of
+ CCl4 + The water extract of Liriopis tuber Liriopis tuber (10ml/kg)
Fig 3. The electron-microscopic investigation of  hepatocyle in CCl4 induced hepatotoxic rats

with the water extract of Liriopis tuber.

G: CCl4 + The water extract of Liriopis tuber (20ml/kg)
Fig 4. The electron-microscopic investigation of  hepatocyte in CCl4 and the waler extract of

Liriopis tuber.
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K

Tof ve) Fig 1. 9] o272 MY 47w a4 24 9 HE7 dojyton, A
b ] e1SEe] A, EEA b Fast #Ato] uehta dlglch Fig 2.2 WEE
s Fololla = HTIt Ao A nAFRE #EHY 4+ ok Fig 2.9 AAeT
o A 2] m]A]GLZ+= mitochondria®} FHAEA(RER)2] 7} 3 EE| ¢ Sm, mitochondria?]
U7t & FAIE L 9ls Zle] Bt ol sl Fig 3, 42 FA gtz A 2ol
& CCly THs Fojgta} o] Axu] Av|Ho] Zha W E|3}E= Zlof AHE Q).

& 3 AST, ALT, LDHY x| thRgto]l B4Rl AA 453513l HiEs &elids
B FolFge uRLo uvF 44 oA A7t 7Asteth. Total cholesterol,
Triglyceride F&|&= RT3} & xlolE Holz] ¢ter31 HDL-cholesterol®] Z-$ CCl42] F
ofof o) Ztaslrirl MEE EElald 2w Fojo o3| rir] 2|7} FEHE HY

=3
Tl 500mg/kg, day 1000mg/kg. day Fola- T+ o= Atele] felAd-2 ¢lalcl

Table 7. Effect of the samples on blood AST, ALT, LDH, Cholesterol, TG and HDL

cholesterol level in CCls-induced hepatotoxic rats .

Experinental AST ALT LLDH Cholesterol TG HDL
group (1u/L) - (L) (1u/L) {mg/dl) (mg/dl) (mg/dl)
Alnormal) 107.04+8.2 42 .0%2.4 250.2+25.4 95.0+6.2 27.2£5.0 40,7£1.6
Blcontrol)  274.3%9.0""  02.8+£9.4"  494.3+70.2"" 1258%9.6"" 435%£57" 33.5+2.4"
C 134.5+8.0™ 60.8+4 2" 407.6+30.4" 110.8+9.2* 39.0+3.0 38.4+1 2™
D 126.0+7.8™" 60.5+6.7" 354.4+25.8" 121.1+6.6 37.0+9.5 39.6£1.1™

ris

ﬂp<0.05, "ﬂp<0. 01, "p<0.001 : significant to the normal group
<0, 01, “p<0.005, *p<0.001: significant to the control group

A, normal B, CCl, C. Liriopis tuber oligosaccharide(500mg/kg. day)+CCl,4
D, Liriopis tuber oligosaccharide(1000mg/kg. day)+CCl4

L) s el oyt 2t
& 2 AST, ALT, LDH, TG, Total Cholesterol?] <=X|7} thZxFo] AANFHEcl =2
o, HDL-cholesteol& HAldol vl3] ZA ZAsHc) WEE 2 1HESE Foldbd
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ool v]8l AST, ALT, LDH, TG, Total Cholesterol?] x|/} Z43sl= A%8S Vehlgl
31 HDL-cholesterol?] ZA-$ 1000mg/kg. day§-oi st o] FA AA Z7ks1eitl. WEs &

AA
gl age] Fojo] 2§ gt 7EEAe RIFIE ok AL 9l Rog MziHC}

Table 8. Effect of the samples on blood AST, ALT, LDH, Cholesterol, TG and HDL

cholesterol level in CCl4-induced hepatotoxic rats .

Experinental AST ALT L.DH Cholesterol TG HDL.
group {IU/L) (IU/L) (mg/di) (mg/dl) {mg/dl)
Alnormal) 101.0x£7.7 58.9x3.1 27411261 Q2.2t51 41.814.4 h2.2x1.7

Blcontrol)  216.6%9.1"" 82.7£6.0"" 453.5£28.5"" 145.5+8.3"" 96.4+£55"" 42 3+2 3"
C 201.1+8.6 78151 392.4+11.87 140.2%7.5 78.1t28" 525+15"

D 214.9+6.2 91.56x50 408.9+£20.17 135.3£8.2° 75.6£3.37  48.4:1.17

‘p<0.05, “p<0.01, "p<0.001 : significant to the normal group
*p<0.01, “p<0.005, *"p<0,001: significant to the control group

A, normal B, CCl,
C. Liriopis tuber oligosaccharide(500mg/kg. day)+CCl4
D, Liriopis tuber oligosaccharide(1000mg/kg, day)+CCl4

oh) 542l iyt s &3

Table 9. Effect of the samples on blood AST, ALT, LDH, Cholesterol, TG and HDL

cholesterol level in CCly~induced hepatotoxic rats .

Experinental group AST ALT TC LDH HDL-chol.{m TG
(/L) {u/L) (/L) (mg/dl) g/dl) (mgo/dl)
A(normal) 1026166 46335 905+45 23934221 405+28 30.8+2.8
Blcontral) 2884x234™ 96567 10234617 T 46272423 324£13 77 854+47 77
C(200mg/kg) 2728+269 97.1+35 1109£5.1 4506+38.0 329+14 82.4%73
D(300mg/kg) 28391549 912+44 96.1+£9.4 456.6:+41.8 335116 79.2%5.3

E(100mg/kg) 24634328  741L87 889184+ 4435+ 341 36.3t25" 754 £5.6x
F(500mg/ke) 19761346 6741697 8311 7.8%x 411113027 376F1E" 688169+

”p<0,05, Mp(O.Ol, 50,001 : significant to the normal group

"p<0,01, Tp<0.005, *'p<0.001: significant to the control group

_89..



AST= 400mg/kgoll Al #-2]7do] LElten 500mg/kgoll Al o w2 HHFAE Liehyqlch
ALTE: 400mg/kge}t 500mg/kgoll A BT f-24do] gl 7HAE B3 LDH 43 500mg/kgol
A ool a7t Vel TCet T64] X 400/kg B 2’0l LIElt oL} 500mg/kg
oA o & IEHAE K33 HDL-chol®] X]= 400mg/kg?} 500mg/kg BFoA w2 &
Ag R4t Aubyog 400mg/kgoll A B EA7F o d QA Vot 500mg/kgoll A o F

2 HEXE Kol 500mg/kgs AF FEE He=A Yl B3t

gh) ool 23t 5o n = A%

¥ % AST, ALT, LHD, Total cholesterol, Triglyceride, HDL-CholesterolojA] §2]4d @l
L Aol RolA Yoith WES ST LRE AR A/ ANskENE ol T 2
S4g UehiA g8 Res AzEr,

—

Table 10. Effect of overdosing the Liriopis tuber oligosaccharide on blood AST, ALT, LDH,
Cholesterol, TG and HDL cholesterol level in rats

Experinental AST ALT LDH Cholesterol TG HDL
group (TU/L) (IU/L) (IU/L) {mg/dl) (mg/dl) (mg/dl)
A 107.0+82 420+24 260.2+£25.4 95.0%6.2 27.2+5.0 0716
B 101.0%£49 39627 280.8+47.1 01.8+4.3 24.8+3.1 398+1.0

Values : Mean®S.E, Abbreviations : A, nomal : B, Liriopis tuber Ex, (3000mg/kg.day}

1}, in vitro test

1) in vitrool A 2] 715 Rl 3l

Table 118} Fig 5, 6 Hep 3B cell®} BRL cello] CCl.& HEHE A e|gt Ajo|c).
Table 110]4 X.5%o] ZHAXE AHe)x o ul3sh= #7 ¢x}Ql 10mM CCly/ethanol 8] A &)
;& 5, 10, 13, 15, 20, 30, 40uE F7A el whel MEZAo]l @3] QA= CClE
Folslz] o2 FAlTel vl 87789712 AAEE HolFal drh 53] 10ue] oA
506%4 S 2] MEZA A8 Koo wlel 1 BEE LDl ® A3 in vitroofAel
=4 dg Astgcoh Fig 5, 6& B g elol o] U3t AT FelE A A=
X} LDyoll o] MEHe] W3} FaEolgld Myt Fadonie "Holx wa]¥ il
d= 2E {EY 4 ot
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A . Normal B. 10mMCCl4/cthanol 6546 .

Fig 5. The light-microscopic investigation of CCl4-induced hepatotoxic model of  Hep 3B cell
by MTT assay

A . Normal B. 10mMCCl4/ethanol 650
Iig 6. The light-microscopic investigation of CCl4-induced hepatotoxic model of BRL cell by
MTT assay
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Table 11. CCl4-induced hepatotoxic model of Hep 3B cell and BRL cell by MIT assay

BRL cell Hep 3B cell

CCl, (p) Cell viability(%) Cell viahility(%)
o 0 100 B 100

b 7.6 84.5

10 52.b 54

13 31.2 35.5

15 26.6 22.4

20 21.1 20

40 16 14

23 250g/ml 2} 100g/mleflA] S gl

([

A7t silymarind} -SAFEF A

i

c
flo
e,

Table 12, Effects of Liriopis tuber on viability of Hep 3B cell
hepatotoxic model by MIT assay.

in CCl4~induced

Fraction 1,0 fraction Buthanol [raction Silymarin
Group cell viability (%)
Normal 100.01%5 100.03+:4 100.02+6
Conirol 47 1847 45.04+2 52.52+6
1000ppm 59.29+2 36.65+5 70,5540+
~ 500ppm 66.42L13+ 41.77+4 73,1642+
250ppm 80.84 L8+ 42.34%3 77.34%1 %%
~ 100ppm 70.66+2%x 44.54+0 77.524 9%
50ppm 66.631:5+ 42.71+6 62.18+6+
10ppm 64.25+1 39.30+7 55.07+2

%*p<0, 01, >:u1<p<()_ 005

significant to the control group

Control was administered 10mM CCly/ethanol 104,
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Table 13. Effects of Liriopis tuber on viability of BRL cell in CCls-induced
hepatotoxic model by MIT assay.

Fraction H>O fraction Buthano!l fraction Silymarin

Group cell viability (%)

Normal 100.00+8 100.04%3 100.02+t6
Control 652.63+4 51.02+8 49.63+7
1000ppm 56.42+9 42 64+1 71.364 1%
500ppm 62.71+4 42.92+9 70.65+£ 5%+
250ppm 77.641 2+« 45.23+1 68.441+3x*
100ppm 74 2418%« 44 . 72+3 66.6415+
50ppm 67.821+6% 42.11+0 64.2314*
10ppm 65.92+2 40.4219 58.42+7

#®p<0, 01, *%pd0.005 @ significant to the control group
Control was administered 10mM CCls/ethanol 1044,

3) MEE EHE AR g Fo] ALTY nlA= 4%

Table 14, 150X FAfol wls] CCly T FoFtollA ALTHo|] ¥As] F7/HHE E +
QLIS Tof) chsl Wit & £l 250g/mlel 100g/miE 2ol A 244 Qe 4Tt Ueh
T},

Table 14. The effects of Liriopis tuber on media glutamic ALT activity of Hep 3B cell
cultured with CCly,

Fraction H>O fraction Buthanol fraction Silymarin
Group GPT(karmen unit)
Normal 291 + 2.5 307 £ 1.9 28.4 + 3.1
Control 147.2 +13.8 162.6 £ 11.6 148.7 £+ 7.6
1000ppm 111.0 £ 10.9 t41.0 £ 9.8 80.3 & 4.0wxx
500ppm 106.7 + 8.1 148.4 £ 3.1 87.1 & 5. 5*x
250ppm 87.2 + 3.8% 150.4 £ 5.2 86.4 1+ 10.8%%
100ppm 854 + 6.4xx 1542 + 2.8 90.6 £ 4.2xx
50ppm 91.1 &£ 3.7 151.6 £ 5.6 942 + 3.3«
10ppm 100.4 £+ 11.7% 150.3 = 4.8 99.1 £ 12.0%

#p<0. 01, %%p<0. 05, *»xxp<0.001 @ significant to the control group
Control was administered 10mM CCli/ethanol 102,
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Table 15, The effects of Liriopis tuber on media ALT activity of BRL cell cultured
with CCl,.

Fraction H,O fraction Buthanol fraction Silymarin
Group GPT(karmen unit)

Normal 31.40%7 29,6116 27.12+0
~ Control 160.46£5 159.53+1 155.72+6
1000ppm 123112 164.19%5 82.244 2% %+
©500ppm 101.04+3% 150.4249 87.22+3%x
250ppm 90.67+ 1%+ 152.3942 88.28+6%
 100ppm 84.21+8+* 146.85+2 94,6741 %%
© S0ppm 94 37 +6%* 153.1140 101.35+6+
© 10ppm 110.56 14+ 150.24+1 113.31+7

*p<0. 01, #*kp<0, 05, *k%p<0,001 : significant to the control group
Control was administered 10mM CCly/ethanol 10:4.

4, Qo

MEEL] 71RT AL oolR7] 2|3 RatE A O E T} in vivo testo]A] WEE 4
FE2EY o7t AlgERtL] ¥ HEAH HF o} Xz £V oSS HAsH, o
5 ST S8 ET AAHTAZ Q3 F W 7Y BEoRRE L] NR I o] SHE
500mg/kge] F&olA FA%S Flstadrl =T WEE ey FEE A LU0 Fo
1S v BEGE A 4SS HAsAk EH, in vitro testoll A F F{H 3t
M XE(Hep3B, BRL cell)o] chsl Ald¥EtAR HAS §U5te] LD 2o} ZH=A in vitro
Al e #elsled o WE% water fraction®] buthanol fractionof B]3] #FA]|s}A 2t
RE¥f5o] glglen 1 J% silymaring] Hed F-AIEE #l3telch
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MAH (FHOBRKE) st 2828 AR(EK), A(K), A13(HE), Z3EIi), ol x(F
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¥lo] AlgSlo{ Hct WEES FriAlE &3 0E 2Es= ArRAELH 254 HEE
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2. AR R P
MBS £3ade Bdsge] A8 B 4 255del nxE 9Y

1) A8%=

AE 2B A& 160-180g2] Spraque-Dawley® 223 Rat 30n}g|& AL 24+2°Col| x| 5133
ALR(F, AoF, ) BEE S8 FEIHA dFdRY ASNTNE A F Al At
&3hgich AB7IT F AW 2 1248 F71E HAE A52E(H 7] 08:00 ~ 20:00)
s, & Hyo] At WESE U ddedAR A AR, AT A& FELel

AH&-3ict.

2) A9 =4
YEF T 100gol] FF 500w E Zhete] QRS A F 2A|T 302 At F&
3 F oS 100m 2 Hok-sH3oir)

(7]

) BEEE YW H Fo

£ 8. 5cm Zo] 100cmg] 43 treadmillE 127]2] lineo] ZtFolR FHALZRA 753 59
A2AH SES treadmillofA £5-& AAsIden AL 5317 F2 2572TCE /|5t
Al FEAIZE 2F Aol 2F 94] Aol 2 AFsgict. HHFEY EEEIE Fodt
7] 18 treadmill L¥-Fof A{F7F TEESH stolct. 8778 52 Fig 1.3 o] 23
Havh, 3 5 LAY HE 8 25AZ A TARE Aol E Al APF
B2 157k onjAlS 3} 2332ke] AGERE AX 50 U 3ol 0ute]E AL,
RS FZFoFos 7t 10ufe[¥ Lpipo] MEsirh. Foel Fols 3FANE AF

kg% 10m1% 1iQ 13 % 308 ¥ A3Bosidlon ANEE ZH4E 5Y Fosic)

£
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1 2 3 4 5 6 7

1week no training
0% incline 5% incline 10% incline
2week . . X - ) .
10m/min  10min 10m/min  15min 10m/min  20min
Aweck 10% incline 12% incline 14%6 incline
wee
15m/min  25min 15m/min  30min 20m/min 25min
Awek divide into Zgroup ‘ 16% incline rain
wee no trainin,
14% incline 25m/min  30min 30m/min  30min &

Eweek 16% incline traini
Bwee . . no iraining
35m/min - 30min

Gweck 16% incline _— 16% incline 16%-incline
wee no trainin
35m/min  30min & 35m/min  20min 35m/min Max.
Tweek o 16%% incline 16% incline 18%-incline
no training , \ . . . .
3Bm/min  30min 3Hm/min  30min 35m/min 30min
Bweek .
no traning

Fig 1. Experimental design

4) o)A N5
AY 657l BAL 165, 35m/ming] EF =l oA AP FFo] AVAFelE E o
ol & st XY wf 7Y Al7hE Zxhelm aEAlshlc

5) W5t AAL
A me Fof HAFES 84 HAT F AT 1kegd 1g9] glucose?} Fo{E =
50% glucose BO1& A7 Folsl 0, 15, 30, 60%o] meloln Awsled W HH7)
Glucocard(KDK, japan)Z ¥t ZA3s}lr}

=1
=

6) @ F TEQAA}

AR 7o FAL 18% 3bu/ming] By Lol 08T SEAL &5 T oldE
Z 7PEA mpAstal me] geol A xdste] 3000rpm 207t YAlEESle]  Lactate:
lactaeZA 7] (YSI 1500)% LDHE UV (Hitachi 7600-110, japan)© & =4 3}¢ic},
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A BB AZE 160-180g2) Spraque-Dawley® 24l Rat 80u}z]E Al& 2412°CollA 2.8
ALR(FE, A, T BEE $8%] FF31EA dFde s A F A#e A}
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AHg-8ich,

2) e =4

YEE FEEL WESETS 20He] SRl 64 5 BRYZ FEI A9
HsEstel da, WEF ST WEEEYS 80% MeOHZ AF-2ofA] 122174 33
Z233)0] AL extract® 74t %3}3 Ethyl acetate, BuOH, H,000 £33lo] B Vater
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1week

2week

3week

dweek

Sweek

tweek

Tweek

8week

9week

10week

11week

AHEE

0. 2second,

o 10m1 2

1 2 3 4 5 6 7
o 180 second |300 second |420 second
no training
no loaded |no loaded |no loaded
540 second | 660 second|780 second|900 second|180 second|300 second|420 second
no loaded | no loaded| no loaded| no loaded| 5g loaded | 5g loaded | 5g loaded
180 second {360 second {420 second No traini 420 second 1420 second |Max.
o trainin
10g loaded |10g loaded |10g loaded £ 10g loaded {10g loaded |10g loaded
, 420 second |420 second Max.
no tranmng
10g loaded | 10g loaded | 10g loaded
Divide into . 420 second |420 second|900 second
no traning
| 6 group 10g loaded | 10g loaded | 10g loaded
A 420 second | 420 second Max.
no traning
10g loaded | 10g loaded | 10g loaded
_ 420 second |420 second | 900 seconed
no traning
10g loaded | 10g loaded | 10g loaded
no traning 420 second | 420 second Max.
10z loaded | 10g loaded | 10g loaded
- . 120 second(420 second{900 second
no traning
10g loaded |10g loaded |{10g loaded
) 420 second {420 second Max.
no traning
10g loaded | 10g loaded | 10g loaded
. 420 scecond | 420 second | 900 second
no traning
10g loaded | 10g loaded | 10g loaded

Fig, 2 Experimental design

2 oA 15 #Hg

Table 1.3} Zro] Zt -
BH-Al= 325.5%0.4go] ). 5785 AL
T2 Q3 TIE eolily] 93 Aog Hoe
&A1 50

Rtk

10m}2] 2]

o

A7
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5] 22 ZAAL 0.5% 17 HEE
FE5A AdA stAch o] uwf HAA] & A ¢ FedE Rolx Qlaol
t}. (p<0.0001)
Table 1. Experimental Animal Groups.
578F Xt 910 Xt
Group A water ¢
r water
10ml/kg(body weight)
WEE £X2Z8 5o, WEZS FEE
Group B
10ml/kq(bodv weiht) 500mg/kglbody weight)
BES =FEE 10% WES FEE
Group C ‘
10mifkag(body weiht) 1000mg/kglbody weight)
WE2s 22|10 5% W2E So|ud
Group D .
10mli/kg(body weiht) 500mgrkalbody weight)
HWEs 2220% 10% HEs SejnE
Group E , .
10mi/kg(body weiht) 1000mg/kg(body weight)
AZXER 5% ALXER BFE
Group F

10ml/kalbody weiht)

500ma/kg(body weight)

) £E5USY

Ad 4, 6, 8, 10 FHjo] FHrj&EAte

sl on AdHEEc] AP o

oy

R Eefex] Role AMAEZIAE &xg2 BASGL. EeddASsE M 5 07, 9

Falo]l SFA 7 84079002 A}o] o]

Ho
oft
tllo
)y

&
Folx] Y uf 0, A & £2

Y A Fo AREEL 827 AT F
50% glucose 208
Glucocard(KDK, japan)2 2 Y-S =33slgic).

BT Folsia 0,

) & 2 MRl

¥ 2 Lactate?} Ammonia: A 5, 9T AFAA & F
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15, 30, 600 majollA Vsl g7

Phosphorus, pH¥E A3 7%,



1155 oA 10g F-3F sfof] 90022] o] Fit ¥ o2 JPHA npx|sla 1| A
Wol A FAE 23]8lo] £45}4lr}. Lactatet= Accutrend-Lactate(roche-BM, swiss)E &
A&}9l 5L, Ammoniat= kit(Asan pharm. korea), phosphorusl: enzymetric method(Hitachi

7600-110, japan)& #413}¢ic].

7) F T ASHLYT L SA431Y
5 7, 973 A¥olA & A2 AF3 & T "ol ¥ nE HeloA AFE 5%
3talaL 5, 9] AHAM &5 F 21ALFS AT &

ol HEFZEY A EEeYd njA=

r
o
O

k1l

\

= A7 A= AAHes AP vol A Teho] xjEtFd Wxb 715 4o
stelch dgcidatelzs & HPE S5 dysle] Af7)REed F¥ LFoIt ¢
A8 H3HE 27D sl AYe ApdA o Hojsizlcts FoNE ol m7
2te] A3 B2 Table 29} Zt},

Table 2. ¥|=te] AAH 54

Agelyear) Height(cm) Weight(kg)

2124141 1722165 69.1 4.1

2) Ao} 2|

BEFELE 80% MeOHE AFofla] 12417H%] 33] F&3}o] &2 extractE 2S5l
Ethyl acetate, BuOH, Watero] E¥3s}o] A2 Water fractiong ODS columnl & AR]|8}e
P2 VTS AeHsle] 5EAZE o YR AUsicir Afd gaF 4o
B Hsto] %2 Aol WEF HaAeERe HESEE A 245244 dFA R g
= AL BE FEE 2Tl FAsle] Foslolnt. Placebod} W EE-2 7o & ZA 3}
71 $I38 22} opAmighS 1L 150mg%] H7lsigdct.
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) 8 F yrex #4 $F5EY

FEE5Y P oA placebordd] wje] HAtx| ol 3Hdste TEHER ALY
s} A4 =g ANy, AHLLS Table 3.3} o] 8M4] & 33023l o|FWA
of oJgt Fato] b HS A §ste] 24z A3} PlaceboE Foisiolrt. SHUF @At
& e g g 1x}, 23 APLe dFd THLE T3 g on o] Foiwhy
Table 3.3} Zch oL 5A7F 24 ¥ 2% 508 Hoj 300mlE 1859 HM3] A3 3}

drl, &5 L= 25T HiEGE 60%E RAshy Yr| AlSelA 18 etsich.

1 &} 2X}
Al(n=4) placebo WE=E S22 32
Group A _ -
A2(n=4) Wes gp|aeed placebo
s . B1(n=4) placebo HEE HEER
rou
P B2(n=4) HE2E FSXHAUSE placebo
5 c C1ln=4) placebo HES WESE
rou
P C2(n=4) Moz WEgsz placebo

4) €@ & m2dx}
Hush A&2E 02, 308, 607, & 204o] AAF Yol 3-way cokeo] FAH 7l
B](22G) 5 Arls}a oml®) xf@sjgict, ¥ £ ¥]2ALE  Lactate, Ammonia, Phosphorus&

25]1% &A3le] FAAZE EMstort Lactate FHAHEA ] (YSI 1500:USA)E o]-83to] &
Astel T, Ammonia: kit{opatA|e¥), phosphorusi enzymetric method(Mitachi 7600-110,
japan) 2 A3t}
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3. A 9 2%
7t &5 By SR A% A F 25 Yo uX= g

1) HoFA L nA= |3

37 HYEFFEY Tt 2FE& £YY Fo] FHTE Folsin £5& +UU TR
T} 288 ES 5sYo] FHHUCE 74 fldey SEHHEY IAYY HAEE
o gadol oz 1Y ul B 28 ¥ UEF £FEEY T4V Huss

ol ol A= J¥Yol e AR JAH L

Table 4, Effect of training exercise and samples on exhausted running(ER) time in

experimental rats

Group A Group B
running time 2472.3+314.7 2583942715

uhA 0% 73 o AN E SR/ Folub 142.2+12.8
WEE £2EE Fodd2 130.41£10,.82 23 Ao]F Rdrl UEF £3EEY ¢y

5 =
31 AzsHo] HoldE IAY + Adgled ot HEF Quir 2 ABYEL
o]
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Table 1-7, Effect of training exercise and samples on the oral glucose tolerance test
(OGTT) in experimental rats

(mg/dl)
Times (min)
0 15 30 60
Group A 7761115 156.2+10.9 1422+128 783196
Group B 71467 14811128 130.4+£108" 711112

*p<0. 05 : significant to the A group

mg/dl

Fig 3.

3) ¥ F 2R uA= %

Z54 Fojgo] WE%S $FFNFot N} Lactateg |7} 22 3.11+0.38, 2.84%0.51
2 yol Zh4stolrh. SRRt EEHAZE AM K482 Al LHER| M= & Aol &
Rolx] okgkrt, ‘?—-J?J‘-ﬁli ZA Aibrg 229 YA E 3T Y F4& U=

g
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Table 6. Effect of training exercise and samples on the blood lactate and lactic

dehydrogenaselevels (LDH) in experimental rats

Lactaie LDH
Group A 3.11£0.38 2.84=x0.51
Group B 2902+192 29451 16.2

BE wE BANE £F ¥ BHAF] Yol WEF $229 FoiTo] $H4 FolZn
BB L7nIE @ ANTS FASA) WEBY 322 427} 25l 9
R AE skl o AT B0l P& HAW 4 gtk

i)
(-]
iy
>
=~
ol
rCr
[am—y
~J

Table 7. Change of water absorption

water absorption(ml)
Group A 34919
Group B 332+18

L 2SR e Folrdel o3 A F F Y nX= ¥
1) &% 7% 58 94 &5 F AF Zkol niAe 4F
7h) #HojeSA| 2t oAl %)

) 13] Fojof 23 7}

87 Mol FFTFoIol vs] BE FolA Hrles 5ol Yl 4%
wEFATY 5% NEFTTTESRETAL, 5 YEFTZATIETFOTolA B4 F =71
A, ARXGES] BT YTE TFEERY Foldo] F8440] AUt

(2) 143 el 2% 23}

1055 AgolA Fdel vl3] ZE ZolA Hutssol 2A YY=UR X2
BFAT, F SEIGER Tl Fo4dol glalrh Rato] cigt WEFe Fo7t Hof
TE5Ye Fol Bf0] HE FAsten 13 Foii] iy Foiilte] ulgtdsin A
1Mo AAA ¥ de AT SR FElE ks Zeo] AHNY 3o o B
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Table. 8 The result of the Maximum swimming time

Experimental swimming time (second)
Group 4(week) 6(week) B(week) 10(week)

Mean 1321.4 1298.7 1277 1275

Group A
sD. 167.3 1535 135.8 100.7
Groun B Mean 13215 1460.2 1454 1415'
P SD. 1455 145.7 1575 154.7
Mean 1321.4 1465.2" 1471° 1382

Group C
‘ SD. 156.3 151 1425 142.6
Grom D Mean 1322 1315.4 1336 1393
roup SD. 165.6 1743 187.1 170.1
G - Mean 1321.8 1437.6 1400 1393
roup SD. 135.6 139.8 140.8 134.3
Crows F Mean 1321.3 1306 1335 1419*
P SD. 136.4 130.8 1383 124

*p<0.05 : significant to the group A

Group A: Water Group B: Sports beverage
Group C: 5% Liriopis Tuber water exract
Group D 10% Liriopis Tuber water extract
Group E: 5% Liriopis Tuber oligosachharide

Group F: 10% Liriopis Tuber oligosachharide

W) Y nAe 4%

5 7, 9% AN B FsHHAeA f2lgde] Uil kARt 7534 A
Holx S/ Foldel vl 10% SelaTE FAY L& AT ZE AP LA &
BAZ 2GR g HAA ¥ 957 YoM BE UHIN F4E& HoliL 53] 1
d 1000mg/kgd] WEF FFEES FAYL FoA A7} ZUch

Th) AF7L A= 8F
Rat2] A Fol= Auteg & 47} oot SR Foide] vis] BE AEFEE A

¢

rZ
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Group A 127+11 381+05 125F1.2 3.6L0.7 136113 39+04

Group B 115216 3505 116*16 40207 133109 42104
70

Group C  11.0+18" 3 111+13° 39105 13.0+12 42405

fap

I+

&y
4

Group D 10.8:11.3™ 05 1091L11"  37+05 129113 43+04

Group £ 107+15 37105 107+£16™ 39106 121112 41104

.

Group F 10.7£15" 35106 109415 35106 127112 41103

"p<0,05, “p<0,01, p<0,005: significant o the Group A

Group A: Water Group B: Sports beverage
Group C: b% Liriopis Tuber water exract
Group D 10% Liriopis Tuber water extract
Group E: 5% Liriopis Tuber oligosachharide

Group F: 10% Liriopis Tuber oligosachharide

Z glucoses 27} 156, 30, 60Fo)A HAatgto|L} AR
W A E Byt 59 WEs £RE3R O3 F

(o]
h=3
o7} 158, 30%olA FHUE HolE Uehidrh WEFLR A%H 44 G
=

[N

b d
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Table 10, Effect of training exercise and samples on the oral glucose tolerance test

(OGTT) in experimental rats

(mg/dl)
Times (min)
0 15 30 60

Group A 94.3*6.2 168.3-:8.0 146.1£8.7 96.5E6.7
Group B 89170 159.8.+8.2° 1315+75" 90572
Group C 88.9+9.0 161.4:74 1336+7.2" 91.4+74
Group D 90.8+8.0 167.8:6.3 141377 0R1+74
Group E 809+74 162.2+£9.1 139.9£83 NAETA
Group F 88.2+78 169.2+7.2 147372 93.7+7.2

"0<0, 05, ™p<0.01, *p<0.001 @ significant to the group A

OGTT
O
£160
140
120
100 o
80 ~—0—4G\roupA %
—&-CGroup B
60 ‘ Group C |
40 .0, 1 GioupD }
© . =¥%=Group E
20 —8—Group F .
0 20 40 60 80
min
Fig 4.
3) @ F HEdxte] A= F%
7} 18] Fojol] o8 &3t
2F | Lactated] $AE FF4 FolTol uls] 10v YEF e nF3E Fo|TZ A
A BE Folld HARAD A2¥2E8E W5, 10 ¥ YEF +FESE Tl {24



e HLE Holrh % F 8 F e FFF
& ALY BE FolAl F
E R, 5 UEs SYALYIE FolTolAd #A¥U FE HYch % F ¥ F

Ammonia®] 2= FF4 Fojdol vz BE oA MuIA 0T ZHASE F¥E el

fio
rlr
(Ut

Sl
to

n

glovt 5% S-SR FojFojA ot FAdte= FHFS Vehyolrh

AN oT ¥ F |2 A E vt BoE o] AR2ER R} bx Wi
T TFEESR FolE, & T Fa" 5 FoldelA 1= &l g3 FUH ¥

Rl © AUE UERS] 5% TEF F72 Fol7} Ratd] ZnY F3of =
He BYch 5ol A2 5 WEF S8 T2 2% ¥ ¥ F Awmoniad] £371 F
g7gol A ztadt Zlojrh. dntFow gu A FEY FA FAZo)A Y Amonia’d
232 PNC(purine nucleotide cycle)& Eslr] o]F-o]x|A Hr}. A4H Amoniat H4L
ZBAAL Qo REAl MR i 2o AEIChAL AyA gle] I FQ Ammonia FE
Fole & A7t Bol AAHGZE erpilEe] Folo] 3 BiE Amonia FEo] 9%
n A2 ok Zog uehytsl, Zdotgle] 2= d¥o] glAU 23818 Amonia HEE
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Table 11. The result of blood fatigue component (only one administration before

swiming)
Experimental Lactate(mmol/L.) H Ammonia Phosphorus
p
Group Pre- post gap (pg/dl) {mg/I.)

Croun A Mean 2.24 6.3 4.06 7.334 1945 5.19
b S.D. 0.12 0.61 0.55 0.019 14.9 0.46
Mean 2.2 578" 358" 7.356" 1747 5.06

Group B
S.D. 0.16 0.28 0.34 0.02 11 0.32
Mean 2.25 5.85" 36 7.351" 170.8™ 511

Group C
S.D. 0.19 0.31 0.22 0.022 10 03
Mean 2.29 566" 3.37" 7.34 184.8 5.06

Group D
S.D. 0.18 0.55 0.4 0.03 12.8 0.43
Mean 2.19 6.15 3.96 7.357" 17277 499

Group E
S.D. 0.21 0.51 0.47 0.03 9.6 0.21
Mean 2.21 6.36 4.15 7.348 183.1 5.1

Group F
S.D. 0.18 0.5 0.45 0.036 9.3 0.39

*0<0.05, “pc0.01, ™p<0.005 : significant to the group A

) :
S5 T4 Lactates] 3% FAol Wl BE Tolx HaHUD
L PAE Hath % F ¥ F ot YTl ws) B

S UL 22X ZRFE, WEF FTESR S00ng/kg. day FoI T HMET iLWTE
d

<

=
Fel2 AEH oz A3 ¥ w] 2= 5ol A Rate] ¥ F IIAAE H2A=
S Vel e o1 500mg/kgEA AT Eelada R Hidel MY 2t &2

Ao velytet,
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Table 12. The result of blood fatigue component (3 weeks administration)

Experimental Lactate H Ammonia Phosphorus
Group Pre- post gap P (pe/dL) (mg/L)

Mean 2.24 6.4 4.16 7.321 190.6 5.12
Group A

S.D. 0.12 0.62 0.56 0.023 10 0.36

Mean 2.2 6.02 3.82 7.342" 175.3" 507
Group B

S.D. 0.16 0.37 0.43 0.019 9 0.2

Mean 2.25 5.86" 3.61" 7.345" 1786 4.99
Group C

S.D. 0.19 0.38 0.38 0.018 9 0.32

Mean 2.19 5.85 3.66° 7.343 176.4° 5.05
Group D

S.D. 0.21 0.35 0.35 0.027 115 0.28

Mean 2.29 5.78" 3.49" 7.346" 17417 5.01
Group E

S.D. 0.18 0.41 0.34 0.027 8.9 0.23

Mean 2.23 5847 361" 7.34 176.2" 497
Group F

S.D. 0.19 0.35 0.4 0.027 8.5 0.42

*5<0.05, “p<0.01, ***p<0.005 : significant to the control group

4) ZAZsLol nA= Y

Table 13, Change of water absorption

S 0FA

Group A 273+1.8 33.6=1.6
Group B 26,115 31.8£1.8
Group C 270116 32.0+1.8
Group D 2694:1.2 32512.1
Group E 27.0+1.9 324121
Group F 277118 33.1+£2.1

o}
Hland & ZaE Rylou 7o qlalnh AV el ¥ AN BEES &5
F BR8] vliold 8F 500mg/kg, 1000mg/kgs] WEF FFEES Y3 T FLolA
Al & EAHY H4E Bilen UEE SUALYERE QA ¥ &S 4t 43S

o =
AHE vehigiel. AiEe] 5] A3 AFH sl WETERT ok & =8 H
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& AL T UEF S
= A gich

e RHTE MEE £E22037 UL Tt 9= Ao

vl HEESRe UM EEsYel nxe J%

e AEolAe] HusAd W 8 F 24t 94

b 2 AAY WEF 7HE-SE 9 placebo Fol9 2atol A H¥HA HEFH Rl
N HEF FeliGEEe Y5 YASRANA 47 st 9Es

AT ERAMN = 2818 o Zast ot f48E ¢k 8 F lactated] Y=

28 Sle AolE Holx alrh. e AL A AAheEtzizh tivis] ol

o

mo] ol HHA WA= A el 7} §58 VR 4 ¢laleh placebo 43 F £
Folo] Y42 ¥ F A R[] &5 ALE 1IN 54 € F #EQA A o 3
£3s1eic).
Table 14. B2 ZAzojde] HLSA7t 1 8 2 "l o
Exercise intensity Blood lactate on Ifxercise intensity on
duration on all-out{sec) LT(mM) LT(MPH)

o A3 932.6+69.0 2.81£0.39 5431 0.36

roup ATy 9438716 2.86-0.31 551 +0.38
o B2 9085 - 63.6 2774+ 0.36 525+ 0.30

roup By 89457-69.1 270+0.37 5.100.37
Crom © -2 916.0+64.9 0.860.31 5.39-0.31

oup 929.6 638 276022 5.4240.32

2) @ % 2] nAe= ¥

7h HEs SeEERY A7 8 F uEUA nAls 4%

¥ ¥ Lactate?] X UEE EAYTES Fodo] % 30 Z3 F Placebo?]

j=] (o]
Foldto] W3] W AoxE BT 35N £X & vt JYES Bl 5242 ¢l
glct. ¥ 3 Ammonial] X WEE WS EL Folo] Placebod] Fofe] uis|

3 &
A7) Aot ASsts AR RUD 302 Fo SelNE fa4 Qe Al 1y
x &

t}. &% Phosphorus?]
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AFEL] 25 A UEF FULPERY FoAE ¥Rz o] JAHL HEI N E
WhE ZAE B $FeY ¥ 2 2FURY HEo 2] d JeR st

Table 15. Change of blood Lactate, Ammonia, Phosphorus concetration in high intensity

intermittent exercise

Omin 30min 60min 80min
Group , . .
(rest) (exercise) {exercise) {recovery 20min)
placebo 1.46 (.35 3.16::0.46 2.631+0.56 1.45:£0.25
Lactate e
{mmol/ ¢} C e 1.491£0.34 2.88+0.48 2.56+0.60 1.51£0.40
2L NESEE
, placebo 505121 97.5+10.8 95.0%10.3 49.3+115
Ammonia Ty
(ug/de) e 4437:9.1 84.0+8.0" 88.5+97 5054-9.7
ZLAESE
placebo 3.431:0.40 4341028 523+0.34 4.41:-0.33
Phosphorus s
WEE
(mg/de) - 3.40:0.37 408+0.26 5.06+0.39 398+0.18"

<0, 05, "p<0.01, ""p<0.005 : significant to the control group

Lactate A Ammonia A Phosphorus A

mmolf

0 20 10 60 80 100 o 920 a0 50 30 100 0 20 10 60 80 100

min min min

Fig 5. Fig 6. Fig 7.

W) ES $eA s 47 8 3 Ve uxs 98

¥ F Lactated] $HE RS H2H LR FolZo] &5 0% FH F Placchos
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ozt wigkont f-2]/d2 §lglrt. % Phosphoruse| A JA] HMEF FoA SRS Fo

o] Placebo®] Fojol & Ao|7} GIGIAL 3 HA] &zt wiE ZAE

qch YES HeA TR B WES SelilY T2 LactateT A= vl FAE B
S} Ammonia?] At% % phosphorus®] I Eolx= F37t ¢l

Table 16, Change of blood Lactate, Ammonia, Phosphorus concetration in high intensity

intermittent exercise

) 30min 60min 80min
Group Omin(rest) ‘ . .
{exercise) (exercise) (recovery 20min)
placebo 1.360.34 3.30%x0.37 2954035 1.45+0.25
Lactate T
nH =2
(mmol/ £) 1481028 2.98:£0.31 270+0.48 1.41£0.27
%%ﬂﬂ%
, placebo 3905+102 99596 975108 469190
Ammonia
]
(uefde) Ji_ 41,1475 95.4:1:14.9 94.5+6.5 47.0+12.1
FEHEERE :
placebo 3.30+0.39 4.41+0.27 5.30+0.34 4.49+0.43
Phosphorus
WL
(me/de) 336£0.27 4314023 5254035 4.3610.30

FSHEZE

*p<0.05. *5¢0.01, *p<0.005 : significant to the control group

Lactate B Anmmonia B Phosphorus B

mmoif

0 20 4 & & 10 0 @ 4 & 8 0

. i mn
nin mn

Fig 5. Fig 6. Fig 7.

o WEE UESEL B W F IRl A 9
g F Lactated] $4L AEF AR FoiFol 25 U HH7lo] Yol AT
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Table 17, Change of blood Lactate, Ammonia, Phosphorus concetration in high intensity

intermittent exercise

Anmronia C

mmolé

mn

9/ dd

Omin 30min 60min 80min
Group , ) .
(rest) (exercise) (exercise) {(recovery 20min)
placebo 1.5120.31 3.091054 2.75+0.51 1.49+0.21
Lactate T
(mmol/ £) HL;T 1.49+0.31 3.01+046 2.811+0.44 1.39+0.40
= REE
. placebo 48.4+10.7 95.114.2 95.810.0 50.310.3
Ammonia o
(1253t e 51.810.1 97.9+76 92.4:£7.1 53.9+9.0
= _Q_%-LEL.
placebo 3.28+0.38 424:4:0.31 498:1:0.25 4.18+0.32
Phosphorus -
WEE
(mg/d?) " 3.38+0.34 4.30+0.30 4.88+0.44 3.09:-0.24
eS8
"5<0,05, “p<0.01, “'p<0.005 ¢ significant to the control group
Lactate C Phosphorus C

Fig 11,

Fig 12,
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£ Qldich Y238 T RatE oo ¢ AYolN Wi £5& 9 ga

S50 o3l mElate] YL AAlshe AL Hstdal, AAE e g Aol
WEF SELFTEL FoUt VR Ho2 art oSS Arstdct. AdEsis Fale
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W B%(Liriopis platyphylla Wang et Tang)2 Wigt3}o]l &3} cf
F-ajol A ko] 2L o8 ol glont ghat, F, dE FolMes A - LR A
oEls glom fe el e Wi el de] £yt HEES W ES (L. spicata
L.)3} Al B E(Ophiopogon japonicus K. -G, )08 Lxn o #3 A= HuEs

7oAl  steroidA saponing #2|dtP (1), £GUWES I FHojA] steroidal 2]
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dammarane@7-2 7} glycoside?] aglyconq! ophiopogonin A, B, C, D, B, C’, D'%& 7%
9] saponind} flavonoid sterol, oligosaccharides % polysaccharides& +&2l3}%1
(2-4), YEFY 52 A3t W HAFAE, B3 gAEAM FS&¥, J¥d, A
A W oAy, s, &g, B, ok, &Z(W) Fol & dlen(s), 2R, A=
B, BAdxi, woAsel, FoiRh, At Fol HIEA drke). E, WEF U
steroid saponind ¥erFE 7} ol Zoeg RHAEUH7). WEEL] o3t I F U,
gt W 2] B3 552 d4FEe] F9 FEATH Buvlel wlel A @ex]
o, 3 Soju](Guig/AE) s 4, FEATS AN HagolA gIrH(8).
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Ao AHE-H WEE(Liriopis tuber Lour No. 1) 272 JHedAlgdzolA =l
2.2 19999 3¥of mhEdte] 124of 4T Aog ZPAS AW F 60T 4%
ZA17 A& 50 mesh YET w3} ARE-3}9iT),

ea7o] s A 2 kgt R4 8 L 718le] 10
0ColA 2 FFE 347t F-9F 71d%t ¥ Whatman No. 1& AME-slo] Zhofoiztsiaeich
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FgE 7 BRgol 3ste] 105CT2] Ax7]olA Fifo] H wjztA]

=]

| P o A = U LR

A2 phenol-sul furic acid ¥ (10) 2.8, Qe dinitrosalicylic acid(DNS)of 2)3%}
AR (1D0] o4 BHFEAE ALEslel 550 ol M FHEE F5to] glucosede
2 st wBAEE Ao BULES Ag o stk whAe Lowry(12)

L7 FAsiglrt.

H}. Total saponin

Total saponin- Namba(13)%2} Fujita S(14)¢] ubo] F35lo] &Hslgcrt. &, d4H3
5& VWhatman No, 3 oJZ}A| & of2}3t Hof Fuke] diethylether& 7138} diethyletherZ &
T ofHE AEE AEE AAe 2L 33 jiEstAch thEol Fue] 33
n-butanol& 7}8to] saponing 43 WHg F&slolon], FEdo EL 7Iste fElYE A
Astadct. chgoll 70ColA ZHQt%&3to] n-butanol & $A3] A AT S HaHog Ak
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stadct.

AL R7) A

g U4 g deFadd YA F 4S9 S nembrane filter(0.45 ym
milipore)® o3}t B GC systemo]] 2]5}o] BAI51oitt, &, o3}<§ 5.7 wlo 2% H.S04 0.3
nLE Z3I3t B8 ZAL AEE Flor). EFERAL succinic acid, malic acid, citric
acid, pyroglutamic acid, acetic acid, propionic acid % butyric acid& A}&3}gicl. &
A2AL instrument: Hewlett Packard 5890 series II, column: HP-20M(0.32 mmX25 m),
temperature: 80T (5 min hold)—150C(5C/min), detector: FID, injector temperature:
250°C, detector temperature: 250°C carrier gas: He(20 mL/min), injection volume: 1 gL
2 shgich wiEd /742 deFEdl ethanol & 718te] T0%E 2%, AT F o
& 719} - A1A]1H 14% BFs/methanol &< 2 mL& 7}3to] 80TCol|A] 3027t methylationgt
F 4 nLe] X3} ammonium sulfate?} chloroform& 7}8}3, methylester &-& chloroform®.
2 & B4 godium sulfate® ©4sto] 6C/ A BEZ dlgtt. SHRAL instrument:
Hewlett Packard 5890 Series II, column: HP-20M(0.32 mmX25 m), temperature: 50C(10
min hold)—200C(10°C/5 min), detector: FID, injector temperature: 2507C, detector

temperature: 2507T, carrier gas: He(20 mL/min), injection volume: 1zLE 3}oiT}.

o} #7174
ICP-AES(JY 38 Plus, France)E& o]£3}o] Ca, K, Mg, Mn, Na, Zn, Fe, P2&| #8f& ZHXA
st AR AL frequency: 40,66 MHz, plasma gas flow: 12 L/min, sheath gas flow:
0.2 L/min, auxiliary gas flow: 0.1 L/min, sample flow rate: 1 L/min& & 3}¢lom z}z}h

317.9, 769.9, 279.5, 279.5, 589.6, 213.9, 258.6 W 214.9 nmoj|A] ZAs}ac},

2} frelotn] et
AlE 15 mLo]l 54 100 nLE 7}3}lo] &3t F 20% trichloroacetic acid(TCA) 15 mL
& Jlste] FAHE oS 44
oF A8 BEEE AAT F +3E& 40Tl et w8k 5ol 0.2 M sodium
citrate buffer(pH 2.2) -8 o2 25 mLE|A AL F
o ozt ohmlwAl AFRHIE BASAT, BHz

A B alstgct, ArEoll 40 mLe] diethyletherZ 7}3}o] TCA

.22 pm membrane filter& A}-&3}

0
712 Ultrapac 11 cation exchange



resin 250, buffer solution: pH 2.80, pH 3.00, pH 3.15, pH 3.50, pH 3.55, 1lithium
citrate buffer, buffer flow rate: 20 mL/hr, ninhydrin flow rate: 20 mlL/hr, column

temperature: 35~80T, chart speed: 2 mm/min, injection volume : 20 plojglc}.

of tjgt deAAle 10882 Hxadol 3 538 FEH(15)o% He, W,
bglogent ok ofsich 14, ofsivt 23, HFelvt 3d, Zsict
obF Zpsirt 5 e Hrisislvh A FTH V| ZREe obF uimirt 13, viict

RFolvt 38, Frt 44, ofF Frl 5o Yrlsigict

b3
=

7}, duwtA B 9l total saponin
His ArFE2EY OWME total saponin®] ¥WIE RARY A= Table 13} 2
= HeEY desEiol tidt AR 7152 gloL MEE Jtupie A
el wet xlol= glent Bufu|(-BulE/ kAT )E 10U % st FIE 7|Eo% 40~
% W R sFHsto] AMESh= Zom Hof orK16). WEFY Y, e 9 7 52
U153 e Uehle F&27 223} AYolA Buju] 4, F2AZ 32 7bo] 714 3
g Ao vielytth(8). whetd £ dAelie Az, AT WEF 42 ES 718t
3N 7S T F£ETF &Aoo vfste] AR A3 d4FEAa) total soluble solid
o] §hake 15.95%(w/v)E total sugarZ} A}A]3le W&ol 13.16%(w/v) Sdt). T, vjFk

total saponins®] €2 1.73%(w/v)E LIElICE W58 dhilolaA] REF A 2A 23],
2%, 7%, ol W Ao fHzo] on(s), s Urhle FRAEEY steroid
saponin?} oligosaccharides¢] #How gl gl=d 7 &k 2bzb 1.94%(w/w) W
57s(w/w) 2} HAEol QITH17, 18). il & Ay deFEEuviel ¥/E total
saponin®] ¥ake 1 73%(w/v)E AZWEE 3HG3l= oz FANE -9 6,92%(w/w)E

WEF)L steroid saponind]o] THE EF9 saponin® HH] & & & gon of
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X

o] d5FEAlo] A &&EE AR F5Uch HEFA YHB 7158 &g v
ool XY o ynkEsd deFEEUe] YT 8RR 6.54%(wv) gttt o
AEE dEYEEUY 3o s BASH 26.16%(w/w)E Gaeo]l 23 BE8-2 o 463PE
= LERRiTE

f

Table 1. Content of general components in hot water extract from Liriopis tuber

(g/100 mL)
General components Hot water extract
Total soluble solid 15.95+0.36"
Total sugar 13.15+0.25
Reducing sugar 6.55+-0.16
Non reducing sugar 6.54+0.15
Ash 0.33+0.02
Crude lipid 012+0.01
Total protein 0.40+0.03
Total saponins 1.73+0.04

DData represent mean®SD of triplicates.

Ll 714t

HEE d-FEEY #UA Y-S ZARE A= Table 28 #rh, F fUilexw
succinic acid 111,48 mg%(w/v), malic acid 23.67 mgs(w/v), acetic acid 18,36 mgk(w/v)
ok, 71 2] pyroglutamic acid 9.47 mgx(w/v), citric acid 4.93 mgx (w/v) @t} 2]
ol&Ql ZkAlell= citric acid 414.0~570.0 mg%(w/w), malic acid 25.0~108.0 mgx(w/w),
oxalic acid 22.0~35.0 mg¥(w/w), fumaric acid 0.4~1.3 mg%(w/w)7} E23}](19), A3}
= 7ol citric acidi} malic acid7} F¥H 4H20)L o|Fu] sl Yitx g4

Eo|= succinic acidZ} 38 xto|m Alelere] acetic acid?} Ez|3l= HAo® LElylT). |
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Table Z. Content of organic acids in hot water extract from Liriopis tuber

(mg/100 mL)
Organic acids Hot water extract
Acetic acid 18.36 -0.43"
Citric acid 493+0.23
Glutaric acid 1.81 +0.02
D-malic acid 23.67+1.05
Pyroglutamic acid 9.47+0.06
Succinic acid 111.48+:4.03

UData represent mean*SD of triplicates,

ch frelopn] At

BEs drFEEe] frejolneite] & RARE Aape Table 33 Yt} 713 wWol
ok f2jolr|leAh hydroxyprolinel & d4F2&25o= 1290.0 zex(w/v), glutamic
acid 456.2 pgw(w/v)E LIEPRITE Z3b oF(21)2 149 AkaffFol oiste] felotn|iite]
dHe 2AR A3 F5, e, 439, BE R 43 T
1 74 wet, A, $ihvE, S, 29n], o], oY 52 glutanic acid?] afol
EChal sllch E, F5(22)8] A$ tyrosineo], HWFL(23)ol= citrullineo] 3= o}n|

Atolz} stRlaL WEE &S24 4 F£ hydoxyprolineo] 71 W& 54& Uehigict,

%< aspartic acid®] ¥k

<
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Table 3. Content of free amino acids in hot water extract from Liriopis tuber

(g/100 mL)

Free amino acids Hot water extract
5 -Alanine 3.59+ 0.04"
Arginine 331.4+12.15
Cystine 3.0+ 0.03
Glutamic acid 456.2517.25
Glycine 28.3% 0.15
Histidine 8.1+ 0.06
Hydroxyproline 1290.0+87.06
Isoleucine 104+ 0.45
Leucine 17.6+ 1.02
Lysine 213+ 1.07
Methionine 95+ 043
Phenylalanine 128+ 0.69
Proline 93.2°F 412
Serinc 176.4+ 521"
Theronine 273+ 1.22
Tyrosine 8.4 035
Valine 267+ 117
Total 2656.7+ 137.68

YData represent meantSD of triplicates.

gt 714

WEE d4fEe] Fr7jA Hars AR Z3f(Table 4), ZFEY Il 151.35
mgs(w/v) O 8 74 okvh npulES 41,41 mgw(w/v) olglon) I RS AEHXA
ehokrh 1 9] W73} o}dd s 0.14~0.34 mgx(w/v) W R AEHAUTE ¥ 5(24)& 80F
o} ek Fol thsle] RU1A =3} gars EAE A} soxo| el ofxiRoIM HEY Y
o] 713 & ZoR RISty WEgFI FU AYE LUERATH
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Table 4, Content of minerals in hot water extract from Liriopis tuber

(mg/100 mL)

Minerals Hot water extract
Na 32.79+£1.2"
Ca -

K 151.35t74
Mg 41.41+1.3
Mn 0.14:0.0
Fe -

Zn 0.34+0.0
P 13.64 0.4

PData represent mean®tSD of three replicates,

Wes deraad] ¥ 54E& 2ARE A3e Table 58 v} 45582 A
WE BAE um HR ZHo] &olrh ANl 3.06FLoR RE £Eolglem, ute

L4 os 1 st yorou} §ewe 2, 8608 WA Rokrh AMate] izt 7EE
3.578 0% HBLFEOT HriEdoen FHAA 735 2,508 08 nlad yiA vehd
7158 ZREA oY B 713E WS 2T ti¥o] auE vk

%
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Table 5. Sensory evaluation of hot water extract from Liriopis tuber

Attributes” Hot water extract
Viscosity 2.81+0.24"
Sweet taste 3.40+013
Bitter taste 1.64+0.28
Astringent taste 2861027
Sour taste 3.06+0.10
Acceptability for color 3.5710.23
Overall acceptability 2.50+0.17

1)Degr‘ees of viscosity, sweet taste, bitter taste, sour taste and astringent taste
were evaluated from very low (1 point) to very strong (5 points) and acceptability
for color and overall acceptability was evaluated from very poor (1 point) to very
good (5 points),

“Data represent meantSD of triplicates.

)-
r-lu‘.
o
i
o
b

i3

WEE dafige] It JEFFI F5F BG4S 2Asldch 4z, EAT ¥ES

njake] B8 718le) 33X ZHE e UM FEE%E £49E total soluble solid 15.95%,
total sugar 13.15%, W2 6.54%, total saponins 1.73%5 L-F3ln, ILEUPS
0.33% whzRle 0 40% -5t F8 K742 8 succinic acid 111.48 mg%, malic
acid 23.67 mg% " acetic acid 18.36 mgx 2lth. 7P Wol /A Felohr|eik
hydroxyprol ine 2.8 d43&Eo: 1290 ugw, glutamic acide 456,2 upegs gicl. 8 F
7148 ZHgo| 151.35 mgr® 71 Wkt WEs doFaEd &uo] floem, HE¥FR
o] whuta} Aok AL ofzte] wauts wlglch
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Al 2 A NgEARAY 8 WEE d4F22D H43

1. A A

g3 d4F3Hgo] dlem(l), thelie REARA JEEE, 4983, FHAN ¥
A, A8, 2, B, olk, A ol ol&stal, R, ARY, FAIRA, #n#|
B, FA", Ay Fol HEHIL k. F8 YEL2EE steroidA saponingl
ophiopoginin A, B, C, D, B’, C’, D'& u]|%3}o ophiopogonone A, B, methylophi
opogonone A, B, ophiopogonanone A, methylophiopoginanone A, B 2] homo-isoflavonoid
E71 365l gdoen, 1 8 B-sitosterol, stigmasterol, AB-sitosterol glucoside,
oligosaccharides 5&] t}9F3t polysaccharides7} §-f-Eo] alth(2-4).

ghtoll Al WEEe FREEE T B AT 202 & T8l 2~3A % "oy Ayl
28 HHsle AMEsta ot 2EU WESE &Y B FA4Ee] F&2) EIrt o
AP FEA 0] 47 Ao F282 Wl Fo44 28 E8l8c] EolxA FHol &
ol oA ol sk AFA FEHS MEEe F8 H4E F 7 HEeR o
A4 &3} stercidA saponing] F&3} ol tlT A3 ZAVE WY W eg o
of ozt A7t @WEL gt WEFTES THed e A - of AERA ol & of-&3F Holr}

58 A2Y S 1 Fo HEEY FE& HuUR ¥ 5 e FEHY 3y e

e

Ao WiEse £ /e dEd Eade] 2id JF
123 2 0 EY ¥ vy + e F2US HYY 5o 3wALsY
of 23t WEs A& 3 FAHIE Al

i
I

Az g by
7. A &

B Ado| A}l8-H WELZ(Liriope spicata Lour No, 1) 27 A3 Zoll A jn|
g Reog AAE BAW ¥ 60TolA AFARAYN ATE 50 mesh AEZ sty AL
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of thgt WMEE2A NHE 4&(%)& vehfolct.

ok HE, 2A4Y 53

HES AMIEG) s E4stolen, AW dgs 29 10 wE FFs 73
F71of #sto] 105Tol4 FUAZRAIZ F 2 AlRolt} ethyl-ether& WY Holo] HF
AMA Z2AE @2 vl 50~60T 2 AzxTlolA aro]l H uwizba] AxSte] Almo] it
AEH(%) 22 Veh s,

g}, ZAREY HF

Ando 5(6)2] ¥PHol ulg} F&9E o 2}(Whatman No. 3)3F F-, FEA)7]o] AE8E 3
gk ohg AR YUY T ethyl-ether® 33] AHslo] 2|84 J&ES AAsIACL

of 433} n-butanol & ARy Hodaro g 33 718l £8]st, n-butanol F& EEA]
Z3to] Aol ui¥h A& (%)= vehiglrt,

af, Brix, AW, #|UY W viBAG] 5%

[e]
e

F2o00 Brix £4-& WEA(Atago No. 1, Japan)& ARR-slo] ZAslela, AyY 3
)

rE

phenol-sulfuric acid Y(7)2.8, YL dinitrosalicylic acid(DNS)of 2]§F u]A
(8)oll 28 EHBEAE AHEsle] 550 nmoljA] FHEE HHsl] glucoseF o2 FHA5}4]

ch HlEES Aol BAYE A Freg st

¥

uh, AAtE
Arro. 22t A RE MAA (Minolta CR-200, Japan)E A&} Hunter value(L, a, b
value) 9} hue angle 33] WHESA3te] B LS Vel sio).

- 135 -



Al Q&R A3

NSEFZHUE o]8ste] de-Fa33 Y HAE AANUL). &, d55&4A] 2
A1ZHboiling, time: X)Z} @wlu](solvent ratio; X;)& Q1'H4= 3}o] Table 13} Zo
-2, -1, 0, +1, +22] THH ©AR FIHoc E E4-FE F FUEY 398 g
F(n) B AFEUF(Y), 2AE(Y2), FE(Ys), RAZTU(Y,), BU(Ys), 03
(Yo), brix(Yr)oiem 2712 QQIH4E 54E 08 3sh= F43d Yol st APy
AT 10718 AFH 2ol HEP-E HAstech SAS(statistical analysis system)2]
RSREG procedureE AHE-Sto] W&ol Aa4F&A] Afo] st HA she Hyxde A
ste HAE AlEsiic)

ol r‘E

o

Table 1. Levels of extraction conditions in experimental design for extraction from

Liriope spicata tuber

. . Level
Xi Extraction condition
-2 -1 0 1
Xi Boiling time (ht) 1 2 3 4
Xa Solvent ratio (mL/sample g) 2 3 4 5 6
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Table 2. Experimental data for extractable solid, crude lipid, ash, total steroid
saponin, reducing sugar, non-reducing sugar and brix for different coded values of

treatment conditions (see Table 1)

No Boiling Solvent ES CL AS TS RS NS BX
' time  ratio (%) (%) (%) (%) (%) (%) (")

1 2 3 19.79 0.11 0.61 2.48 6.8 7.67 19.0
2 2 5 13.15 0.16 0.30 1.31 472 6.33 12.8
3 4 3 19.47 0.06 041 214 8.2 6.13 17.6
4 4 5 11.25 0.26 0.23 1.58 5.7 3.54 11.0
5 3 4 16.28 0.44 0.36 2.26 6.6 512 16.6
6 3 4 16.92 0.51 0.26 1.83 6.4 4.38 16.2
7 5 4 13.12 1.41 0.29 217 9.6 1.84 13.6
8 1 4 14.62 0.00 0.32 1.79 3.6 8.38 14.8
9 3 6 7.40 0.00 0.19 1.17 3.1 2.79 7.6
10 3 2 23.45 0.98 0.52 478 13.8 415 24.6

Abbreviations '@ ES, extractable solid: CL, crude lipid: AS, ash: TS, total steroid

saponin: RS, reducing sugar: NS, non-reducing sugar: BX, brix degree,

3. A @ 3%

7h ZHA A Bulnlo] whE SEele] 4 Wi
durd o doFade] FAL guin|et 1A ol utel 2He-Hoh(9). Eriuzt 2y
AA Ao Aerd FEAE& U5 £ dout £ W whio] glen, oyl wo
H e ol H2 F&d0] ¥lo] FHo] "Helx|= A"l vk E, FE& ¥ 7}
dalgto] FAU UR 4 Fem U ANE el EFe] d4FEA 8uHE
2~6W 8 315l FEALE 1~-5AT2R slglE o FEAUY RYESI nAs VS
5 < BulolA w2 P& Ho FEAY
A&+ oddleon TAMEE A3 & A ¥ =
AHe gufulo] A9 wlHste A2 uelydr) shARE F&A|e] tiEiMe 2 d¥E A
o|2] oot At FtAA|ZR A & AFE UHE Kol HAUY stdAI i

gt

lo
il
15

A}IELI 3 EEO. 713

-

de

uere] 7o vy w2 gripldd e e & BolenH,
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Suu| 7t St FH8] Aastaont, Al tstels & G oA dgith 1
gt gulinlzt wobd Z9 7ldAlRtel S el mhel AbEde] afo] kolxle A B
devl(Fig. 2) old® A¥E AlZdo] w840t 7t zto] AojRe] whel B&ufo]
7 wigolet A4Art d4-FEA vegEAY &&0] A Aatol] wil F
7S i T3} A2 A E Y &&3 Bl dle A oE AW

TP g2 W2 S dE, T3 stdARte] FUMEE 5 RS Yo
m, 7tAAIZt R Bufulol tidt F¥o] o] & Aoz Ueikith HBAT gere] F ol
5 7HEAte] F71gdol whet gl stopzlon, 4ufe] fufuloAM JhH &2 & WOk
th ZEu mBdEe] B9 W2 fuiniolN e ZtdAztel ule}l ofzhe] zta) 9lglond,

M7t w& B HEAZO] SIS UFY] a7t woldlch o]t stdAlztY F}

2 dste] njBdYe] BYGeR FHe R AR uRie] LHjawd Aoz
FAEE vBUYe] EAE 4E ¢ e HEY Faxde] Hyje] axdiy ¥ 4 9l

CH(Fig. 3, 4).
A 5o g2 mMEE(Liriope spicata Lour No, 1)of TGH tjiiie] vl43lEo]

Felargol, of 57 R Rt Hausiolcl whebd 2 dFolAe] wigdwte] ojy
| =)
R

d

Brixlt Zoju]7} HolA4E uleFoT Lyt oz 7l Zte] ulelri= 2

K
& Ho|z] Qigtont, A NFEL] FEHAIA T &2 UHE Kof 133 Y=k {4}
%
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25

»n
=

-t
2]

Extractable solid (25)

(<.}

Fig. 1. Response surface for extractable solid of solvent ratio and boiling time

during extraction of Liriopis tuber,

Total saponin (98)

Fig. 2. Response surface for total steroid saponin of solvent ratio and boiling time

during extraction of Liricpis tuber,
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Reducing sugar (%6)

Fig. 3. Response surface for reducing sugar of solvent ratio and boiling time during

extraction of Liriope spicata tuber,

Non-reducing sugar (96)

Fig. 4. Response surface for non-reducing sugar of solvent ratio and boiling time

during extraction of Liriopis tuber.
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Fig. 5. Response surface for brix of solvent ratio and boiling time during extraction

of Liriope spicata tuber,

L &2 ¥Hs)

HEs drsedde HH2AS 29 H3te] Table 20 AHANE o] &3l WEXR
iAol o3l s 24 HHRH o] 2 {sto] 2 HHALIUES Table 30 Lehfdl
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Ao cisto] HEAREAE A2E Table 5ol LlEglth d4F& e ngEgdaten
brixof]l thdtel= 1% o]Ule] RS vehigden, 2 9 2alxd, B vidd
ol T 5% W8] R ¢&& vehiglent Aol &g tistels +Y
Aol cisted frolige]l AREA ebslvt. FE 2xE A cft A3 Aol
A3} uhgHg BE f2]do] ¢lof(p>0.05) $HUH S ER Ryo] BEAYoR Foiria

g 4 GOy thRRy NSNS BT 14 YNOTE HAAS £ £ 2 RoE A

Table 3. Regression coefficients of second order polynomialsa) representing
relationships between indicated response variables (Yn) and independent variables of

boiling time (i or j=1), solvent ratio(i or j=2)

Coefficients  ES(%)  CL(%)  AS(%)  TS(%)  RS(%)  NS(%) BX( )

£k0 14.81 1.83 1.25 10.76 20.89 -9.25 31.98
Bkl 6.14 -0.42 -0.12 -0.62 0.65 1.40 1.53
Sk2 0.82 -0.51 -0.24 -3.28 -6.63 8.13 -5.27
Lkl -0.83 0.09 -0.01 0.01 0.08 -0.27 -0.27
Aki2 -0.39 0.04 0.03 0.15 0.03 -0.31 -0.10
k22 (.44 0.03 0.01 (.26 0.54 -0.93 0.21

) Yn: :Bo—l— ﬁBlXt—‘rﬁﬁBUXX]‘I_ E.
= t=1r1=

Abbreviations: ES, extractable solid: CL, crude lipid: AS, ash: TS, total steroid

saponin; RS, reducing sugar: NS, non-reducing sugar: BX, brix degree.
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Table 4. Analysis of variance showing significance of effects of processing variables

on extractable solid, crude lipid, ash, total steroid saponin, reducing sugar,
noh-reducing sugar and brix
Process variables DF ES(%) CL(%) AS(%) TS(%) RS(%) NS(%) BX(")
Boliing time 3 1441*  0.81 0.01 0.13 18.61 26.83 3.83
Solvent ratio 3 187.67**  0.27 0.12 7.89%  63.43* 1522 183.28**

Abbreviations @ ES, extractable solid; CL, crude lipid; AS, ash: TS, total steroid
saponin; RS, reducing sugar: NS, non-reducing sugar:; BX, brix degree.
*Significant at 5%

"Significant at 1%

Table 5. Analysis of variance showing effects of treatment variables as linear or

quadratic terms and interaction (cross product) effects on response variables,
extractable solid, crude lipid, ash, total steroid saponin, reducing sugar,
non-reducing sugar and brix
ES(%) CL(%) AS(%) TS(%) RS(%) NS(%) BX(® )

Source DF

sum of Prob> sym of Prob> gym of Prob> gum of Prob> gum of Prob> gum of Prob> gym of Prob>

squares | squares [ squares F squares F squares F  squares F squares F
Model 5 19822 00004 1.06 05423 013 01273 821 00502 8263 00320 4118 00514 188.80 0.0054
Lincar 2 18604 00001 093 02441 012 00388 670 0018 7702 00094 2584 00939 18513 0.0013
Quadratic 2 1155 00224 012 07763 0003 (8488 140 01838 561 03549 1494 01877 3.63 04347
gr’;’;sud 1 062 03301 001 00883 001 04897 009 05840 000 09789 039 07302 004 08873
Resinal 4 2.03 0.91 0.03 1.05 8.26 11.42 7.02
Lack of fit 3 032 09718 091 00661 002 05108 096 03719 824 00626 701 07368 364 08062
Pure error 1 171 0.002 0.01 0.09 0.02 441 338
Variability
explained 0.9898 0.5381 0.8114 0.8864 0.9091 0.8829 0.9641
{R2)
Abbreviations : ES, extractable solid; CL, crude lipid: AS, ash: TS, total steroid

saponin: RS, reducing sugar: NS, non-reducing sugar: BX, brix degree,
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Az vig e Ao S dAsta, 2 270 dA3he AYE FHIE contour mapl
2 Fstazt stodckFig. 6). WET A4-TE SR ARE f%lﬂ deF2e] EHE &
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S ThESHE ool MELEY] d4R2ARAL Table 60A12} o] 7HAAZHE 327}, 4w
=] guinlE ZAZY 4 Yl FFHA PHoEE HEF g Fe a4t wel
Aol 7k gloyt FtdS&3t F A8 B FUE JEQE 40~70% HAZ F&HI] A&
s (13), oigzizgVe) ASL 2ujuE 218 i) 027 HE 22T T dsin
o 10uf2] B IFES Mol vl FEY A0S Pl 17302 &3l 2o o
A gl
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Boiling time (hr)

Solvent ratio (mL/sample g)

Fig. 6. Contour plots of extractable solid, 15~18%; total saponin, 1,5~2.0 %
reducing sugar, 6~8% non- reducing sugar, 6~7% and brix, 13~ 15% are superimposed

of boiling time and solvent ratio for hot water extraction of Liriopis tuber.

Table 6. Optimum extraction conditions for maximum responses of extractable solid,
crude lipid, ash, total steroid saponin, reducing sugar and non-reducing sugar and

brix of Liriopis tuber by superimposing their contour maps

. Range of

; " Optimum condition
optimum condition

Extraction condition

Boiling time (hr) 2.7~3.1 3
Solvent ratio (mL/sample g) 3.8~4.2 4
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g F714 @S AR 2olo] REeg 100wlE o N7l ARt WAlReRt
T A5 NS membrane filter(0.45um milipore)E ojz}slaict. ozt 5 7mlof 2% H2S04
0.3ul & ZF3t AR 248 GColl =l5tgir}. oju] BE2EAT L acetic acid, propionic
acid W butyric acidg AFME-Slgit}. A Z AL instrument: Hewlett Packard 5890 series
II, column: HP-20M(0. 32mm X 25mm), temperature: 80°C(5)-5C/min-150C(5min), detector

FID, injector temperature: 250C, detector temperature: 250°C carrier gas: He
(20ml/min), injection volumn: 18 d}ETh |3 WA |7]2H2 A E Q] ethanol & F&
S 74} - ATA] A 14% BF3/methanol 8- 2mlE- 7}8to] 80CollA 30& 7 methylationdt ¥
4ml 8] =3} ammonium sul fate?} chloroform& 7}6}o] methylester %% chloroform®. &
2, B4 sodium sulfate® ¥sto] GCR/ A|EZE lglct ZHAHRAL instrument: Hewlett
Packard 5890 Series 1I, column: HP-20M(0.32mmX25mm), temperature: 50°C(10)-10T
/min-200°C(5min), detector: FID, injector temperature: 250C, detector temperature:

250°C, carrier gas: He (20ml/min), injection volumn: 142 3}9itt.

o}) F714

ICP-AES(JY 38 Plus, France)& ©o]-83}o| Ca, K, Mg, Mn, Na, Zn, Fe, P& Z&3%3}4c}.
ZRA 2 AL frequency: 40.66 MHz, plasma gas flow: 12L/min, sheath gas flow: 0.2L/min,
auxiliary gas flow: 0.1L/min, sample flow rate: 1L/minZ 3}¢iom ztz} 317.9, 769.9,
279.5, 279.5, 589.6, 213.9, 258.6 W 214, 9nmoil A 3} ),

A1) frelotr] Al

A& 15mle] ZFH4 100mlE 7}sto] E3§}8t ¥ 20% trichloroacetic acid(TCA) 15ml&
7iste AR b AL A Felstdch. AS-oll 40mle] ethylether& 7}3to] TCALL A]-&
4 ERE AAYR F 5L TN UdsHdtdch thEol 0.2M sodium citrate
buffer(pH 2.2) €M o= 25ml %A ALY ¥ 0.22/m membrane filterd A}&3}o] oz}, o}
m At 2R 72 BAsedel, £ 2R AL Ultrapac 11 cation exchange resin 250 mm,
buffer solution: pH 2.80, pH 3.00, pH 3.15, pH 3.50, pH 3.55, lithium citrate buffer,
buffer flow rate: 20ml/hr, ninhydrin flow rate: 20ml/hr, column temperature: 35-80TC,

chart speed: 2mm/min, injection volumn: 20/£80]¢lc}.
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pyroglutamic acid, citric acid, lactic acid, propionic acid o]¢len], AlXoj]i= acetic
acid th& 22 lactic acid W succinic acid?} FAHS o|Fgjct. &3] 221U FE 20| malic
acid7} FZsh= ¥bd lactic acid®} succinic acid?} A Z7}steich dutzjdz} 7%}
5 Z2AFoll+ citric acid ¥+ malic acid7} F4H17)S o] F-i=t] u]sle] MR Ee AL

£ succinic acidZ} F41& o]FL= Ho] EBolslelr}t. Zibdf FolLe acetic acid £]4]
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Fig. 1. Changes in alcohol degree and acidity during acetic acid fermentation of

Liriopis tuber,
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Table 1. Content of total sugar, reducing sugar and total saponins in sweet drink and

vinegar(fermented for 20 days at 25°C) prepared with Liriopis tuber

(g/100 ml)
Minerals Sweet drink Vinegar
Total souble solid 10.67 + 0374 7.71 + 029 °
Total sugar 977 + 059 ° 494 + 012 °
Reducing sugar 510 + 042 ° 296 + 011 °
Non reducing sugar 467 + 131" 198 + 010 °
Ash 040 + 0.02 ° 036 + 0.02°
Crude lipid 046 + 0.03 ° 080 + 0.03°
Total protein 044 + 002 ° 049 + 0.03°
Total saponins 0.80 + 0.04 ° 059 + 0.02°

"Data represent mean*SD of duplicates,

2)pifferent superscripts in the row(a-b) indicates a significant difference at

p<0. 05.

Table 2, Content of organic acids in sweet drink and vinegar(fermented for 20 days at
25°C) prepared with Liriopis tuber

{mg/100 ml)

Organic acids Sweet drink Vinegar
Acetic acid 12.7 + 542V 2686.0 + 6245 °
Butyric acid - 04 = 0.08
Citric acid 39 + 012 ° 35 £ 02t1°
Lactic acid 11.3 + 0.05 * 2862 + 200 °
D-Malic acid 236 £ 110 ° 63 + 036 °
Propionic actd 05 -+ 002 ° 1.7 + 006 °
Pyroglutamic acid 72 4+ 032° 61 £ 028°
Succinic acid 789 + 328 ° 9%.3 + 633 °

Total 138.1 3086.5

UData represent mean®SD of duplicates.
2Different superscripts in the row(a-b) indicates a significant difference at

p<0, 05,
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Table 3. Contents of minerals in sweet drink and vinegar(fermented for 20 days at 2
5C) prepared with Liriopis tuber
(mg/100 ml)

Minerals Sweet drink Vinegar
Na 592 + 0.28"* 630 = 028 °
Ca 230 + 010 ° 570 + 019 °
K 113.13 £ 5.06 ° 143.46 * 570 °
Fe : 1.52 £ 0.06 " 019 + 0.01 °
Mg, 73.80 + 245" 1144 + 049 °
Mn 020 £ 0.01° 042 + 0.01°
Zn 050 = 0.03° 033 £ 0.02°
P 1794 + 082 ° 28.80 + 1.20 °
Total 215.31 196.64

DData represent meantSD of duplicates.
2pifferent superscripts in the row (a-b) indicates a significant difference at

p<0. 05.
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mg%(16), EA 2 39, 0-343. Tmgx(18), AR 7.4-14, Omgx2] ZA-$BCh o o2 kg U
ERQIcH20). F fFloln| At e} AlX tlZo] hydroxyproline o ZtZb 1890.0 ¢
2890, 0pgx 2 ARojA] 1 §eko] &9lt} Glutamic acid, arginine, lysine W serine T}
o] 7+Fo|A Fhero] =9 O1} asparagine, cystainionine, 1-methylhistidine ZrtollA|
L AXRE|R] 9ottt 2 @] B-alanine, @ -aminobutylic acid, 7y -aminobutylic acid,
cystine, glycine, histidine, isoleucine, leucine, methionine, ornithine,
phenylalanine, phospho- ethanolamine, proline, serine threonine W valine2 2]RolA]
we Pake vehiglch

23 e FE i, 944, BE A% 4R 5o felolletels
aspartic acid7} F& o]Fu $AUE, &3, dd], m¢], dd¥, ] 5& glutanic
acid7} F& o]&crlx 3dlgdeon, H<s(22)o= tyrosineo], Radix trichosanthiso]:=

citrulline(23)o] F olnjxAto g otal# gt} ¥, WES ZFE XAPUEAZL O EA

Q4 ofmiabg Aolgt ChRE ojmli-tre) Fhate] Erlshe Wae hoze] ATt 2w
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Table 4. Contents of free amino acids and its derivatives in sweet drink and vinegar
(fermented for 20 days at 25°C) prepared with Liriopis tuber

(¢g/100 ml)

Free amino acids Sweet drink Vinegar
£ -Alanine 41 £ 007" 48 £ 012 °
@ -Aminoisobutyric acid 166 + 036 ° 193 + 085 °
y -Aminoisobytyric acid 702 + 245° 8.9 + 395°
Arginine 2241 + 674 ° 992 + 487 °
Aspalagine - 7873 = 15.75
Citrulline 150.2 + 6.88 ° 2055 + 611 °
Cystathionine - 21.0 £ 1.05
Cystine 97 + 039 ° 113 + 048 °
Glutamic acid 3929 + 16.08 ° 2482 + 1238 °
Gylcine 309 £ 155 ° 505 + 218 °
Histidine 212 + 112° 329 + 099 °
Hydroxyproline 1890.0 + 89.02 ° 2890.0 = 15132 °
Isoleucine 422 + 220 ° 660 = 290"
Leucine 719 + 320 ° 1097 + 182 °
Lysine 425 + 084 ° 193 = 076 °
Methionine 252 + 051° 363 = 1.2°
1-Methylhistidine - 3.7 £ 012
Ornithine 74 -+ 010 ° 795 + 325"
Phenylalanine 582 + 272° 955 + 450"
Phosphoethanlamine 229 -+ 1.10° 487 + 196 °
Phosposeinelactic 69.0 1. 275 ° 1070 + 208°
Proline 1425 + 364 ° 1945 = 541°
Seine 1353 + 375 ° -1158 £ 324 °
Threonine 399 + 240 ° 626 + 276°
Tyrosine 39.7 £ 215 ° 389 + 130°
Urea 176 + 1.02° 342 + 120 °
Valine 66.6 + 2.84° 1133 =  3.06°

Total 3590.8 5581.90

YData represent meanSD of duplicates,
“Different superscripts in the row (a-b) indicates a significant difference at

p<0. 05.
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_9_.
L.

<= Zol HIste] w2
v 2, 33 {2 Fef nlste] gt}

Aol A 2] (FaAelstA] ek

UFE B}, ® &

Table 1, Effect of frying frequency on the content of solid and brix degree of

Liriopis tuber-beverage

Content of solid

Frying frequency Brix
(/100 _g)
Non-treatment 12.18 6.3
1 time 11.97 6.3
2 times 9.90 5.8
3 times 7.75 5.9
o e e
&2 AA(Table 2)2 FA 28] ¢ FAolAM o7 & 1y 18] H&
He AL obEThE FFUL uwlo] LEIANS HEH /N 5S AR TREr)
a2, 33 F2 22 BT ol soenid 5] b(BHE)O] wolA &EI} o5&
AL wo] AgEAgo] walth
% 2. HeA o] ME SR Ay
Frying frequency L a b
Non-treatment 82.16 -0.78 -1.23
1 time 76.87 -0.52 +3.74
2 times 75.80 -0.12 +4.98
3 times 74.33 0.97 +13.52
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Table 3, Sensory evaluation

Astri t
Frying frequency = Sweet taste Savory taste Bitter taste st:;géen Ovecrall taste
Non-treatment 4.0 2.1 1.0 2.0 3.5
1 time 4.3 3.2 1.1 21 4.0
2 times 3.8 3.0 1.7 2.8 3.5
3 times 3.5 21 22 3.0 2.0
16 5
—O—Solid
—o— Ovweral| taste
14 9
S g2 | o
o g
2 &
S 3 8
= =
2 ©
G 8t 2
&) O
12
4 1
5 10 15 20

Frying times (hours)

Fig. 1. Effect of frying times on the solid content and overall taste of Liriopos

tuber-berverage
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Fig. 2. Effect of extraction times on the contents of solid and overall taste of

Liriopis tuber-beverage, Materials/solvent ratio was adjusted to 1/4,
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NEs THFEE Azt iy 1008 F5aMo2ste] FHE s Ays
Table 13 Zrth, IR wigkzl, 4lgh Wl 28k2 uH Hrlse] SREAL 7|3 =7}
B2 2R HUHE Gk E, ALY a2 dA o R RE4FoIY R HIE|eH No,
9ol M MY w2 FE Hoch WA BeE REFES Ushided EFiE ohudd
on AEES] A 5/ HAR 54 e FREAM VX7 Qe AoE wintE
Mol e 2.4300A 3.008 0% B3| olFrhE MAE ohl Ul AL MyoR &
A Fud Ayolet HrtE el F3F 3Rl Be AAoM REaEo|doR ¥
ZtElQlom No 99 AL 3.8608 UM R A4 g Hrig o)

Table 1. Mixing conditions for beverage of Liriopis tuber and sensory quality

Gm Oz j
No | Lt(%) %) | (%) :{%g) (‘;]) (§/:) St So | Bt Rt F C Ot
1} 25 0.8 0.8 08 10 1 1.64 | 1.78 | 1.46 2.73 228 | 3.00 | 3.09
2| 25 08 | 08 08 10 1 162 | 159 | 1.24 2.72 257 1 279 | 290
3125|0408 | 08 | 10 1 |171 186|123 270 | 285 264 | 3.00
4125 |04 |08 ] 08| 10 1 189 150122 285 |274] 264 | 3.02
5125 | 08 | 04 | 04 | 10 1 153206124 285 |275]243 | 3.04
6 | 25 0.4 0.4 0.4 10 1 1.74 | 1.60 | 1.43 272 2,60 | 249 | 310
7125|0804 04 | 10 1 [196 (196|123 | 267 |260]|291 | 3.21
8| 25| 04 | 04| 04 | 10 1 159150139 273 {271 256 | 3.20
9|1 25 | 06 } 06 0.6 10 1 214 {1 2.04 | 1.38 3.08 266 | 277 | 3.86
10 25 ) 06 | 06 } 06 10 1 1.87 | 1.80 | 146 298 276 | 270 | 3.36
11| 25 { 06 | 1.0 1.0 10 1 1.60 | 1.68 | 1.39 2.68 269 | 243 | 3.26
121 25 | 06 | 02 } 02 | 10 T 159|161 138 | 275 |276| 264 | 324
131 25 | 06 0.6 0.6 10 1 179 | 1.69 | 1.24 2.65 264 | 257 | 3.04
14| 25 | 06 0.6 0.6 10 1 1.77 | 1.95 | 1.31 273 266 | 250 | 290
15125 1.0 | 1.0 | 06 | 10 T |160|215 130 286 |273| 264 | 317
16 25 102 | 06 | 06 | 10 T 150|149 |131| 263 |[269 | 257|297
171 25 { 06 | 06 | 06 | 10 1 |157|178 146 | 262 |[279| 243|319

Abbreviations : Lt, Liriopis tuber; Gm, ginseng mi: 0z, omiza; Hg, hwanggi: Aj, apple
juice: Ss, seasoning solution; St, sweet taste: So, sour taste; Bt, bitter taste: Rt,

refreshing taste: I, flavor: C, color: Ot, overall taste
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mjo

= UE kg@ 2.8 Lo} LAT] o|F H8 FriHoR By AL F29 LT 10,000
dol ©sto] of7lel 7hgulE3t oldS wY B¢ 15,0009 el € Aoz AZE

o

I Al SR 2y o arteEs g RS Az"esde] eyt 479 %1
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GUlZ TAMEE A9 3 270¢ 08 AjAMo] 9= AoT W)

Table 2. Economic analysis of mixed beverage of Liriopis tuber

. . Price' Amounts of Mixing ratio Price of
Materials Units of material extracts (%) beverage
(won/kg or L) (L) (won/L)
Lt kg 28,000 2.8 25 250
Gm kg 6,333 3.2 0.6 12
Oz kg 38,333 3.5 0.6 66
Hg kg 15,833 2.7 0.6 35
Aj L 1,250 1.0 10.0 125
Ss L 5,740 1.0 1.0 57
Total 545

Abbreviations ' Lt, Liriopis tuber: Gm, ginseng mi; 0z, omiza, Hg, hwanggi: Aj, apple

juice; Ss, seasoning solution

MEE 220 73 As5de FANL BHOE AuW

) 5.2
2.5%, Aim], 7] W enjx} FE 2t 0.64, AE 10x L HA znjd 1% ojdch ¥

=
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