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SUMMARY

Title: Processing technology of Chinese yam for the development of value-added

products and industrial application

The research project was conducted to expand domestic Chinese fresh yvam (Dioscorea
batatas Decne.) market and processing industry as related to consumers’ need for healthy
and biologically active food material. To achieve the goal, the study was performed in
three areas; 1) fundamental supporting technology including basic postharvest technology,
packaging technology, and market analysis, 2) search for active ingredients, investigation
their functionality, and enhancement of their use, and 3) development of processing
technology and a variety of food products.

The quality of fresh Chinese yam is easily deteriorated after harvest, especially during
storage and physical distribution. To extend storage potential of fresh Chinese vam, effects
of curing treatments and optimum range of storage temperature were investigated.
Heat—curing seemed to be beneficial to maintain uniform quality after storage. Temperature
range from 4 to 7C was optimum to avoid chilling injury and, at the same time, to reduce
losses. The overall data of postharvest experiment suggested that maximum storage
potential could be extended to 1 year through the adequate curing treatment and optimized
storage environment.

Studies of packaging technology for Chinese yvam also provided effective approaches to
extend the shelf life of the fresh—cut sliced, grinded, and powdered products. For fresh—cut
slices, oriented nylon (ON) film packaging effectively maintained quality. Adequate modified
atmosphere (MA) inside the package seemed to be O 5%+CO: 509 combination. Edible
film coating treatment with carboxylmethyl cellulose (CMC) also improved quality by
suppressing the incidence of browning. In ground yam products, multi-layer aluminium film
packaging was effective for quality maintenance. Quality of powder products was
influenced by storage temperature and relative humidity indicating that water vapor barrier
film packaging and low temperature conditions should be provided for long term storage.

In the marketing studies of Chinese yvam, marketing strategies and visual design for the
packages and catalogues were provided to expand yam industry. To establish basic
marketing strategies of the business model, analysis of environmental aspects of the yam
industry, megatrend, trend and prospect of industry growth were performed. Marketing mix
strategies and action plans were provided for three yam processing companies. At the
same time, visual designs of four product packaging boxes and three catalogues were
developed and provided for commercial use of the participating company.

As for the functionality of compounds from Chinese yam and by-products, aerial bulbils,

various biological activities were investigated.



Biological activities of mucin and saponin, the representative compounds from yam
extracts, were Investigated against oxidative damage. Mucin inhibited oxidative damage
induced by hydroxyl radical, whereas saponin did not show significant inhibitory effect. In
contrast, saponin inhibited the production of inflammatory mediators such as iINOS and NO
via suppressing NF-kB signaling pathway, while effect of mucin was insignificant. Both
mucin and saponin exerted protective effects against gastric ulcer induced by 70%
ethanol/0.5 N HCL

Specific biocompound from Chinese yam, diosgenin, had the functional role for
stimulating bone formation and bone mineralization and the study results showed that
diosgenin increased the protein synthesis of the osteogenic biomarkers and bone matrix
mineralization. Research data suggestet that diosgenin can be developed as the ingredient
for bone-stimulating and anti—osteoporosis functional foods.

In order to search other potential biocompounds, low molecular-weight{LMW) compounds
were fractionated and divided into six sub—fractions with RP-HPLC. Treatment of fractions
#2, #4 on HEKOOL and SNU484 cell lines lead transcriptional activation of STAT3 and
DENR and repression of HIF1IA and PARPl. LC-MS/MS analysis showed 10 specific
compound containing in fractions #2, #4. Also, contents of phenolic compounds and total
sugar were determined 314 pug and 121.4 pg in fractions #4, respectively. Overall data
indicated that LMW fraction from Chinese vam contained functional molecules and exerted
suppressive effects on aging, inflammation and gastric ulcer.

In the study of processing technology to improve the health promoting functionality and
organoleptic properties of yam., fermentation process and steaming (plus aging) process
were developed. Fermented yam with Bacillus spp. improved the antioxidant activity with
higher phenolic compounds and also showed decreased viscosity and higher reducing sugar
content. Steaming and aging process of yam resulted in a black yvam product which
showed two—fold higher antioxidant activity than normal yam product. Especially, the water
soluble compounds in steamed black vam were increased by the process and thus may be
more easily digested and absorbed to human body. The black yvam product was also shown
to be better in sensory evaluation due to its unique flavor and sweetness.

To expand the medicinal usage of Chinese yam, 6,7-dihydroxy-2,4-methoxy phenanthrene
was isolated from the aerial bulbils, the byproduct from Chinese vam plants. The
compound showed strong antifungal and anti—proliferative activity against different
pathogenic fungi and human cancer cell lines, respectively. Furthermore, 6,7-dihydroxy-—
2,4-methoxy phenanthrene did not showed hemolytic activity against human RBC and DNA
cleavage in comet assay.

Potential of rapid production of biomass using a bioreactor system was investigated to
enhance pharmaceutical use of Chinese yam. Optimal medium for increases in fresh
welght and multiplication of multi-shoot was in the single strength of MS salt with 60
g'Lf1 sucrose and half strength of KNOs; The number of leaves and nodes were sharply

increased from 2 to 5 weeks, whereas plant fresh weight was steadily mcreased from 3 to 11



weeks after inoculation. Pretreatment of EtOAc extract showed 20% higher cell viability and
fresh weight growth than that of cells without pretreatment in 20 Gy radiation treated
tobacco cells. In comet assay, T/H ratio of control-cells and treated-cells at 20 Gy were
1.05 and 1.68, and % head DNA of those cell were 86.7 and 71.3%6, respectively, suggesting
that nuclei of tobacco cells were severely damaged in the integrity of DNA by the
treatment of y-radiation.

In vivo tests of biological activities of diosgenin and other yam extracts were conducted
to provide solid scientific facts of functionality. Atherosclerosis is the primary cause of
cardiovascular disease that involves inflammation and lipid accurmulation within the intima.
There has been an increasing interest in development of novel pharmaceuticals from plants
that have the same or better immunosuppressants accompanied by less side effects. In the
present study, therefore, effects of Chinese yvam were examined on immune responses
within macrophage and vascular smooth muscle cells. Anti—-inflammatory, anti—allegic, and
anti—atherosclerotic effects were also tested with animal models. The results demonstreated
that biocompounds from yam suppressed inflammation within the atherosclerotic lesion and
modulate immune response, suggesting that it has a potential therapeutic use for
preventing the advancement of chronic inflammatory diseases including atherosclerosis.

In the area of processing technology and product development, potential of five types of
products were investigated.

In the study of fresh—cut product using Chinese yam, effects of sodium hypochloride on
reduction of microorganisms was determined. The economical optimum condition is
considered as dipping in 50 ppm of sodium hypochloride solution for 1 min at 20C and
washing twice for 30 sec. The ozonic water, citrate, and NaCl were also effective.

For the development of yam powder—-based products, red pepper soy paste and Muk with
Chinese yvam were developed and physiochemical properties and quality changes were
determined.

As for the development of a yam snack considering consumer’s preferences, optimized
process for sugared Chinese yam product was provided as follows: peeling yam and cutting
into 3.0mm thickness slices, branching in boiling water for 1 min, heating in 509 and then
70% sugar solution, respectively, for 2 h at 95-100C, washing the surface with water, and
drying at 60TC. Mixture of oligosaccharide and fructose in 3:1 ratio gave an excellent
product with excellent texture and taste.

For functional fermentable beverage development from Chinese vyam, quality
characteristics and biological activities of the yogurt containing dual fermentation MEFCY
(Monascus—-Fermented Chinese yam) powder with Lactobacillus brevis HJ59. Six different
contents (0, 0.1, 0.3, 0.5, 1.0 and 2.0%, w/v) of MFCY powder were added to raw milk and
5% skim milk followed by fermentation with lactic acid bacteria at 37°C for 12hr, and then
the biological activities of the samples were investigated. The results show that after
fermentation in raw milk and 5% skim milk added with MFCY powder. The yogurt can
produced pH, titrable acidity, number of viable cells, total polyphenol contents, DPPH

_Xi_



radical scavenging activity and reducing power at 4.12~4.25 (pH), 094~097 (TA)%,
750x10°~1.14x10" CFU/ml, 161.4~3299 (TP,mg/l), 54~94 (DPPH)% and 1.13~153 (R.P),
respectively. In addition, the showed ACE inhibitory activity and GABA contents was 67.1
~87.7% and 304.6 ~685.4(mg/1).

To enhance food values in association with local produces, various processed foods made
of chinese yam. The best addition ratios of chinese yam for individual processed foods
were proposed as follows: 5% of chinese yam powder gelatinized for noodle: 7% of
chinese yvam powder saccharified for chocolate: 109 of chinese yvam powder cross—bonded
with phosphate diester for cheese: 10% of fresh chinese yvam for jam: 7% of water extract
of chinese yam treated with a—amylase for beverage: 5% of chinese yam powder for Meju

and Daenjang.
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Ast FZo] AFLR o|§HE mte FF Ald AAE Y7 G, Falge] g £4o] ¢
HEEZRyu 5, 2006, F71AFE AT AAzHez BHFEY AA B FAA 7 o
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. Ay A
(1) 1=k
iy 15°c, 60% RH<| ©17] #7233 29°C, RH 80~90% ZA $70lA Ztzk 397 /37

£ ¢ ¥ 05 2 75Ce i AR A Folle A2(Fw 11°C)ell A 747 2ol #

T 4-S AFHH(Table 1).

Table 1. 7} 3% #g] 2d AL 95 A3, in 2008~2009 season.

AP A
ANC Agew A
(2% 8 % 27) °
e A4 3d 05C -Ag FE: 85~90% FA
Ho 15°C, 60% RIH 75T -A &7 5kg So] WA urx
. -0.03mm ¥IEEF AX 7 vkETY Hyd 22
GFAF, 39 05¢
’ -AZ7|17t: 67019
9 ~ o) o
2, 800 R ot A% T £E227A: 20C, 7Y
(2) 23z}

13 AYARE W] £RHF A4E lEzAcs 4YsE Af

) 7]
zqo}aiu} A ex 271 94 193 ATERE v R 4T, TCE sgen AR A £5
A2 g 30um LDPE dEo=z XS & FHA
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Ao AHSE mhe "l AFos 2009%3 114 129 ZE ¢F A9 FUlA s AF
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54 40°C 2173 bmm &7 470 A2 " "é%
(29T, 80~90% o - A7 670 @2NE kA 33 Z=AD
RHD) 70C - A% T §5274: 20T, 74
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(Table 4) &35 AFshe= d9& sAsISiTh
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Fig. 2. Marketability ratings of fresh yam after 4-month storage plus 7 days on the shelf.



ool T EFETE 20CoA 2447 223y $ 5L A&7 AA rtE LB & 4A 7
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05°C AAFL FTHEAE Folve &HE EIS N Table 1), AF F& FEHAHAAE
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£ IIste 43 ATz dAHE 2d o] e Aoz AHFHIT

Table 7. Changes in respiration rates of Chinese yam as influenced by curing treatment
and storage temperature.

Treatment Respiration rate at 20T equilibrium (CO- mL‘kgfl'hfl)

. After After
Cur.mg Storage At Aftfer 4-month storage 6-month storage
environment () harvest curing Day 0 Day 7 Day 0 Day 7
Ambient 0.5 , 12.0 a 247 a 68.0 a 73.1 a
(157, RH 60%) 75 100 98 a 44D 133a 114D

9.0+1.5
Controlled 0.5 60 b 9.1 a 219 a 59.7 a 605 a
(29°C, RH 50%) 75 ' 42a 53D 129a 157D
Source of variation
Curing(C) * NS NS NS NS
Starage(S) - NS ok * -
Cx5 - NS NS NS NS

"Mean separation within columns by DMRT at P = 0.05.
NS Nonsignificant or significant at P = 0.05 or < 0.01, respectively.



Table 8. Changes in firmness of Chinese yam as influenced by curing treatment and

storage temperature.

Treatment Firmness (N/8 mm @)
After After

Cur.ing Storage At Aftfer 4-month storage 6-month storage
environment () harvest curing Day 0 Day 7 Day 0 Day 7
Ambient 05 o, f2b BB 723a 5224
(5T, RH 60%) 75 Y " ®9a 6764 520 6244
Controlled 0.5 619 a 639 a 52.2 b 58.2 a
(29T, RH 90%) 75 w2 a 682 a 685 a 551a  59.2 a
Source of variation

Curing (C) NS x * NS NS

Storage (S) - ok = NS NS

CxS - NS NS NS NS

*Mean separation within columns by DMRT at P = 0.05.

N

S***Nonsignificant or significant at P = 0.05 or < 0.01, respectively.

Table 9. Changes in tissue viscosity of Chinese yam as influenced by curing treatment

and storage temperature.

Treatment Viscosity (N-sec™)

) After After
Cur.mg St(o;a)ge b At Aftfer 4-month storage 6-month storage
environment arvest curing Day 0 Day 7 Day 0 Day 7
Ambient 0.5 15 ab 1.2 b 0.6 a 0.6 a

. 32 a’

(5T, RH 60%) 75 15ab 08ab 07a 15b
1.1+0.8
Controlled 0.5 19 09 a 0.8 ab 0.7 a 1.0 ab

o o 9a
(29°C, RH 90%) 75 20 b 0.7 a 1.9b 2.6 ¢
Source of variation

Curing (C) NS NS NS % -
Storage (S) - NS NS . ok
CxS - NS NS * NS

"Mean separation within columns by DMRT at P = 0.05.

NS, *,*

"Nonsignificant or significant at P = 0.05 or < 0.01, respectively.



Table 10. Change of lightness of Chinese yam as influenced by curing treatments and
storage method.

Treatment CIE L* value
Curi s A At After After
ur.mg t(o;a)ge h t I.;er 4-month storage 6-month storage
environment arvest curing Day 0 Day 7 Day 0 Day 7
Ambient 05 830 a 0.6 a 79.8 a 0.6 a
o o 35.1 az
(15T, RH 60%) 75 85a  8l1a 8l7a 785a
86.6+1.5
Controlled 05 819 839 a 3.2 a 0.7 a 326 a
9a
(29T, RH 90%) 75 80a 48 a £3a 7Ta
Source of variation
Curing (C) NS NS NS NS NS
Storage (S) - NS NS NS NS
CxS - NS NS NS NS

"Mean separation within columns by DMRT at P = 0.05.
NSNonsignificant at P = 0.05.

Table 11. Changes in weight loss of Chinese yam as influenced by curing treatment and
storage temperature.

Treatment Weight loss (26)

Curing Storage . After 4-month After 6-month
. . After curing

environment (c) storage storage

Ambient 05 20 b 6.0 b
o 1.1 b°

(15C, RH 60%) 75 76 a 12.2 a

Controlled 0.5 " 19 b 5.6 b

(29T, RH 90%) 75 ' 65 a 10.3 a

Source of variation

Curing (C) ok NS *

Storage (S) - ok o

CxS - NS *

"Mean separation within columns by DMRT at P =0.05.
NS Nonsignificant or significant at P = 0.05 or < 0.01, respectively.
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Table 12. Changes in marketability of Chinese yvam as influenced by curing treatment and
storage temperature.

Treatment Marketability index score”

. After After
Curing Storage At After 4-month storage 6-month storage
environment () harvest curing

Day 0 Day 7 Day 0 Day 7

Ambient 05 io o 20 a 10 a 18a 135D
(15, RH 60%) 75 y ' 25b  30c¢ 23a 10D
Controlled 05 ' 20 a 10 a 18a 10D
(29C 30 a

RH 90%) 75 30 ¢ 20 b 23a 20a
Source of variation

Curing (C) NS NS ok NS *
Storage (S) - = - NS *
CxS - NS ok NS ok

"Marketability: 1=not acceptable with substantial decay; 2=limited salability; 3= salable with
acceptable appearance.

"Mean separation within columns by DMRT at P =0.05.

NS**Nonsignificant or significant at P = 0.06 or < 0.01, respectively.
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ZAo 2 ZAE YT (Table 13, 16)
A T TF 422 VIE7HA BE x%aM A 1% mRk 670 FolE 39 XH+4T AF
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671Y AF T} o]F F7FHQ AL HE 7Y ZT nio] AuEFHQ AEZAL wuF 53 5
2 fA8HHTable 18). O3, AF & §5HA, 53] A2/F A +HIA= AEFAH As)
Q9le old Al Ae g el HFig

o W Puw, F 53 A Awo] olFold H oA
9. A Aodye eiAE AT ¢
2a% 2o 2,

287 QAFASHE FUSA B w, 59 AfE 0TaAH 5Q0] AFT A2 molw e
BT 470 WM AP Helor T Aoz BrrHAc

Table 13. Quality and respiration rates of Chinese yvam at harvest and after 7-day curing
at ambient temperature in 2009 season.

Quality contribute

Time Firmness Viscosity x Respiration rate, 20T
(N/8 mm o) (N-sec ™D CIE L= value 06, kg T )

At harvest 29.0+0.7* 1.48£0.6 80.3£0.5 4.6£0.8

(Nov. 12)

After 7 day curing 32.6+1.1 1.74£0.1 81.4+1.0 2.7£0.6

at ambient temp

"Mean = S.E. (n=4).
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Table 14. Respiration rates of Chinese yam after 4- and 6-month storage plus 7-day
marketing as influenced by curing treatment and storage temperature.

Treatment Respiration rate at 20°C (COz mLkg “h'™)
) After 4 month storage After 6 month storage
Curing” Storage
(days) (C) Day Day
0 7 0 7
4 31 a’ 1.7 a 19 a 28 a
; 7 16 b 10 a 18 a 20 Db
4 2.0 ab 22 a 18 a 16 b
° 7 1.7 b 14 a 15 a 14 b
Source of variation
Curing (C) NS NS NS -
Storage (S) = NS NS NS
Cx5 NS NS NS NS

At 29°C, 80~90% RH
"Mean separation within columns by DMRT at P = 0.05.
No**Nonsignificant or significant at P < 0.01, respectively.

Table 15. Flesh firmness of Chinese yam after 4- and 6-month storage plus 7-day
marketing as influenced by curing treatment and storage temperature.

Treatment Firmness (N/8 mm @)
After 4 month storage After 6 month storage
Curing” Storage
(days) (c) Day Day
0 7 0 7
4 415 a” 398 b 373 a 370 b
’ 7 459 a 458 a 36.5 a 39.3 ab
4 438 a 411 b 42.1 a 380 b
; 7 445 a 43.0 ab 449 a 464 a
Source of variation
Curing(C) NS NS * NS
Storage(S) NS - NS x
Cx5 NS NS NS NS

‘At 29°C, 80~90% RH.
YMean separation within columns by DMRT at P = 0.05
NS4 Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Table 16. Lightness on the cut surface of Chinese yvam after 4- and 6-month storage plus
7-day marketing as influenced by curing treatment and storage temperature.

Treatment CIE L" value’
Curing® Storage After 4 month storage After 6 month storage
(days) (T) Day 0 . Day 0 .
4 81.2 a* 812 ab 8l2 a 81.8 a
’ 7 788 a 824 a 814 a 80.5 a
4 813 a 81.0 ab 804 a 80.3 a
; 7 824 a 80.0 b 817 a 814 a

Source of variation

Curing (C) NS NS NS NS
Storage (S) NS NS NS NS
CxS NS NS NS NS

‘At 29°C, 80~90% RH.

"Measured 30 minutes after transverse cutting through middle part of the yam.
*Mean separation within columns by DMRT at P = 0.05

NSNonsigniﬁcant at P = 0.05.

Table 17. Incidence of decay in Chinese yvam after 4- and 6-month storage plus 7-day
marketing as influenced by curing treatment and storage temperature.

Treatment External Internal
(severity) (% incidence)
After After Aftor After
ing” 4-month 6=month 4-month storage 6-month storage
ijurm;g St(oogge storage storage £ g
avs Day Day Day
7 7 0 7 0 7
. 4 +7 + 00 a* 00 a 0.0 0.0
7 + ++ 31 a 31 a 0.0 0.0
- 4 + ++ 00 a 00 a 0.0 0.0
7 + ++ 00 a 00 a 0.0 0.0
Source of variation
Curing (C) - - NS NS NS NS
Storage (S) - - NS NS NS NS
CxS - - NS NS NS NS

At 29°C, 80~90% RH

YSeverity of fungal infection: +, none to slight (Lower than 5%); ++, little (Marketable after brushing.
Lower than 20%); +++, severe(Not marketable. Over 20%).

*Mean separation within columns by DMRT at P = 0.05.

NSNonsignificant at P = 0.05.
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Table 18. Marketability of Chinese yam after 4- and 6-month storage plus 7-day
marketing as influenced by curing treatment and storage temperature.

Treatment Marketability index score’
Curing” Storage After 4 month storage After 6 months storage
(days) () Day Day
0 7 0 7
4 50 a* 50 a 50 a 50 a
3
7 48 a 48 a 48 a 48 a
4 50 a 50 a 48 a 48 a
5
7 50 a 50 a 45 a 45 a
Source of variation
Curing (C) NS NS NS NS
Storage (S) NS NS NS NS
CxS NS NS NS NS

‘At 29°C, 80~90% RH.

"Marketability ratings: 1.0, very poor and not marketable; 3.0, acceptable. Critical level for marketing;
5.0, excellent quality.

*Mean separation within columns by DMRT at P = 0.05

NSNonsigniﬁcant at P = 0.05.

At harvest 3-day curing 5-day curing

Fig. 3. Appearance of Chinese yam after harvest and curing treatments in 2009.
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Fig. 4. Changes in weight loss of Chinese yam during curing and storage in 2009~2010 season.

W 2

() 8 Al 2 A4 Af 2o & FHEEA (2010. 11. 12)

% T 9 4L 79 2o A% T 239 Ak 2d4 o} AR HaAE a1 B
FEEE B AU (Table 13, 19). 78 7+ ALolxe) 5o A& F =4, 53 5F&
£o] A9, 2d3fsl ga) 2 Aol HolA ook ARE T ARG DA ofF of
BEel Afagol ARE Aow FHHUL

Table 19. Quality and respiration rates of Chinese yvam at harvest and after 7-day curing
at ambient temperature, 2010 season.

Quality contribute

Time Firmness Viscosity CIE L’ value Respiration rate, 20T
(N/8 mm o) (N-sec ™) (CO2 mL'kg "“h™")

At harvest z

(Nov. 12) 36.5%1.7 1.06+0.11 81.0+£0.3 5.7£0.8

After 7 day curing
at ambient temp

"Mean = S.E. (n=4).

36.60.8 1.09+0.20 81.1+0.3 0.4+0.3
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25717k WE A H & wnle] o# FAL Z Fole Ao} AL 7Y Xf3F mlof] H
3l 4% 5 ARS rhe] QmERo] F o AXd Ao EYrHFig. 6).
TFEET Y, TIE AR H

1 R R Rl
A 219 Fgo]l FolstA vEh BRI A @eke] &5 Blad =3t &%
L5 o] ¥l FAE Q%stH 3C, 5C AR+HE T EF 5 AlRT 9A el A8
9] 7}sAdL gl Aoz AuEE A

ot 229 Axs 2dat A¥# FUSHA £ T v AR 2 FF F 23H FUHA
ou XNHFzug AFLere g 27 Axo & 92 v i (Table 15, 21).

AE Ga 73 Ao w8 A 2 §5 & t& FUiste A%S BEgew, iE A% £
A/ 2719 dFgo] FYALS YR EF 5¢ AF "l H=UF vlnd E9ko I 9o
= A 7+ F23 2ol7t gltH(Table 22).

o] dow M= /Y, Y AR 2 f% FoE EE A FF A9 E AolE

ok

Holx] ¢k}th(Table 23).

§

THLLEL FARF, F2AF 7Y + 5T A2AF Ao ZhZ 478, 4.71%<] ¥nE =
L FEL EYon dFHE AF9 3C AF 2HANAME ¥Ee AFEFAn (Fig. 7).

Bold g2 5/, 78 AF 2 /5 T ZFoA Ao, BAHczE w8 7 W
ol Q3] AFEZAF HFLE FFo] Foldol YEltA LU (Table 24), 7H & &
ol B AT AZX AF wholl A e A B 293 A T #EAE ol dde F
7hek(Fig. 5) 39z AT AHE THE o, AT F 20T /5N A BopdFo] 43 F7t

Aoz FeE T

Smz olo] i thHo] HekE ojok 3
7 1

d frE F FAE2 Ay % A Fo4L ey dAHe
A 73

pke] Akl GEAGLE 3TAA AFAA Wolgo] shol 4FAG 2.8~3.0

2 "y wkort FAA FoA4S /I (Table 25).

3z Af 24 2 AT F FE2E wE FASH W] A7ZEHE TR E W,
NAGE vke] B9 ARE 20CoA 5, AFL2EE 3~4T FFo] AH3dE 3% A2
g7 Bzt
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Table 20. Changes in respiration rates of Chinese vam during 7-month storage plus 7-day
marketing period as influenced by curing treatment and storage temperature.

Treatment Respiration rate at 20C equilibrium (COsq mL'kgfl'hfl)

. A Af After After
Cur.mg Storage t I.;er 5-month storage 7-month storage
environment () harvest curing

Day 0 Day 7 Day 0 Day 7
. 3.0 48 a 31 a 48 a 48 a

No curing -
5.0 46 a 23 a 45 ab 38 a
7 d at ambient 3.0 41 a 32 a 3.2 ab 51 a

5.7+0.8" 41 a¥

(15C, RH 60%) 50 a 40a  3la °olb  50a
5 d by heat dry 3.0 49 44 a 28 a 3.3 ab 45 a

o 9 a
(29, RH 90%) 5.0 43 a 27 a 4.0 ab 46 a
Source of variation

Curing (C) - NS NS NS x NS
Storage (S) - - NS NS NS NS
Cx$S - - NS NS NS NS

‘Mean + S.E. (n=4).
"Mean separation within columns by DMRT at P = 0.05.
NS’*Nonsigniﬁcant or significant at P = 0.05, respectively.

Table 21. Flesh firmness of Chinese vam after 5- and 7-month storage plus 7-day
marketing period as influenced by curing treatment and storage temperature.

Treatment Firmness (N/8 mm o)

) After After
Cur.mg Storage At 5-month storage 7-month storage
environment () harvest

Day 0 Day 7 Day 0 Day 7
) 3.0 46.3 a¥ 46.2 ab 51.0 a 50.3 a
No curing
5.0 466 a 484 ab 479 a 50.8 a
7 d at ambient 3.0 65417 46.0 a 48.8 ab 450 a 46.3 a
(15, RH 60%) 5.0 o 480 a 52.1 a 50.0 a 497 a
5 d by heat dry 3.0 485 a 420 b 4.1 a 446 a
(29, RH 90%) 5.0 450 a 481 ab 519 a 46.6 a
Source of variation
Curing (C) - NS NS NS NS
Storage (S) - NS NS NS NS
CxS - NS NS NS NS

‘Mean + S.E. (n=4).
"Mean separation within columns by DMRT at P = 0.05.
NSNonsigniﬁcant at P = 0.05.
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Table 22. Changes in tissue viscosity of Chinese yam after 5— and 7-month storage plus
7-day marketing period as influenced by curing treatment and storage temperature.

Treatment Viscosity (N -sec )

. After After
Curing Storage At 5-month storage 7-month storage
environment () harvest

Day 0 Day 7 Day 0 Day 7
) 3.0 1.8 a' 19 b 13 a 15 a
No curing
5.0 16 a 2.2 ab 14 a 14 a
7 d at ambient 3.0 L10.1" 2.1 a 2.1 ab 17 a 16 a
10,
(15T, RH 60%) 5.0 22 a 18 b 17 a 17 a
5 d by heat dry 3.0 21 a 29 a 1.7 a 1.7 a
(29C, RH 90%) 5.0 23 a 18 b 16 a 18 a
Source of variation
Curing (C) - NS NS * NS
Storage (S) - NS NS NS NS
CxS - NS NS NS NS

‘Mean + S.E. (n=4).
YMean separation within columns by DMRT at P = 0.05.
NS’*Nonsigniﬁcant or significant at P = 0.05, respectively.

Table 23. Lightness of Chinese vam after 5— and 7-month storage plus 7-day marketing
period as influenced by curing treatments and storage temperature.

Treatment CIE L" value
) After After
Cur.mg Storage At 5-month storage 7-month storage
environment () harvest
Day 0 Day 7 Day 0 Day 7
) 3.0 79.0 a” 78.8 a 787 a 79.3 a
No curing
5.0 805 a 785 a 79.1 a 78.1 a
: 3.0 788 a 795 a 773 a 787 a
7 do at amblezlt 31.0£0.3°
(15, RH 60%) 5.0 80.0 a 793 a 80.3 a 786 a
5 d by heat dry 3.0 796 a 786 a 79.7 a 78.3 a
(29C, RH 90%) 5.0 784 a 788 a 793 a 770 a
Source of variation
Curing (C) - NS NS NS NS
Storage (S) - NS NS NS NS
CxS - NS NS NS NS

‘Mean + S.E. (n=4).
"Mean separation within columns by DMRT at P = 0.05.
NSNonsigniﬁcant at P = 0.05.

_19_



Table 24. Incidence of sprouting and decay in Chinese yam after 5— and 7-month storage
plus 7-day marketing as influenced by curing treatment and storage temperature.

Sprouting Decay
Treatment (% incidence) (% incidence)
After After After After
Curing Storage 5-month storage 7-month storage  5-month storage  7-month storage
environment () Day Day Day Day
0 7 0 7 0 7 0 7
) 3.0 50 a” 100ab 50a 250a 00 a 00 a 00 a 00 a
No curing
5.0 100 a 260a 100a 200a 03a 100 a 50 a 50 a
7 d at ambient 3.0 50a 100ab 50a 130a 00 a 00 a 00 a 00 a
(15, RH 60%) 5.0 150a 160ab 100 a 200 a 00 a 50 a 00 a 00 a
5 d by heat dry 3.0 0.0 a 50 b b0a 130 a 00 a 00 a 00 a 00 a
(29°C, RH 90%) 5.0 10.0 a 50 b b0a 130 a 00 a 00 a 00 a 00 a
Source of variation
Curing (C) NS NS NS NS NS NS NS NS
Storage (S) NS NS NS NS NS NS NS NS
Cxs NS NS NS NS NS NS NS NS

"Mean separation within columns by DMRT at P = 0.05.

NSNonsigniﬁcant at P = 0.05.

Table 25. Changes in marketability of Chinese vam after 5— and 7-month storage plus
7-day marketing period as influenced by curing treatment and storage temperature.

Treatment Marketability index score”
) After After
Cur.mg Storage At 5-month storage 7-month storage
environment () harvest
Day 0 Day 7 Day 0 Day 7
3.0 28 a” 2.8 a 28 a 28 a
No curing
5.0 25 a 25 a 25 a 25 a
7 d at ambient 3.0 20 28 a 2.8 a 30 a 30 a
(15T, RH 60%) 5 30 a 28 a 30 a 30 a
5 d by heat dry 30 30 a 30 a 30 a 30 a
(29T, RH 90%) gy 98 a 28 a 98 a 28 a
Source of variation
Curing (C) - NS NS NS NS
Storage (S) - NS NS NS NS
CxS - NS NS NS NS
"Marketahility: 1=not acceptable with substantial decay;, 2=limited salability; 3= salable with

acceptable appearance.

"Mean separation within columns by DMRT at P =0.05.

NSNonsignificant at P = 0.05.
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At harvest

b AR
$2 2GR

7-day curing

Fig. 6. Appearance of Chinese yam after harvest and curing treatments in 2010 season.

5.0
—C—No curing+3°C
—8—No curing+5°C
10 ——Amb 7 d+3°C
: —&— Amb 7 d+5°C
= —{—Heat 5 d+3°C
S
5 ——Heat 5 d+5°C
77}
§ 30
=
=)
L
L
E 20 |
1.0 |
0.0 L

After curing 2 months 4 months 5 months 6 months 7 months
Storage period

Fig. 7. Changes in weight loss of Chinese yam during storage in 2010~2011 season as
influenced by curing treatment and storage temperature.

Q) AH g &3

+3 F AFRYE A 549 L THY AP vk &
%tH(Table 26, 27). T3k HF AZROE 20C Fe4E 79
Hel 1, 2d3 4727 2 393 ARk AFex w3 3% A Azt A,

AF B 27 AvE 5709 A mll s 229 zfol= Ho|x @e ww A% 74K
2 FE5HEE AR mhellAdE AF AR vte] AR vnE G AFL B =
St MEe Ay 3t Aol EolA| ekktH(Table 26, 27).

SN, THE AR+ A2RE 7Y & WoldAde FAH fAAL gloy FANEE AFH A
ol A Blwd =A e TH(Table 28). B3ldAA GA] AlH 27 ool A =94t

o= 24 Vel MARAE Y daiH(FAASH €4 S7F A MFATHNA] 23]
o A7 DA AY, AlE & FEAA SEA BT FS AR AdEz AR EHA S
A 7]Qete Aoz FAFHDZ A7|AFE rle] 3 T 0dR(ET ASA &S we Al
HAAZ B 43 79 AFAFEE AEste Ao FaT Zez FodT.
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Table 26. Effects of postharvest washing treatment on the quality of Chinese yvam after
5-month storage plus 7 days on the shelf.

Respiration rate at Quality attributes
) 20°C equilibrium Flesh firmness Viscosity .

Washing (CO» mLkg “h ) (N/ 8 mm &) (N-sec ) CIE L~ value

Day 0 Day 7 Day 0 Day 7 Day 0 Day 7 Day 0 Day 7
None 43 25 43.4 50.0 19 2.4 73.6 80.0
Tap water 5.1 3.8 49.0 474 1.7 19 73.6 79.4
Significance NS NS NS NS NS NS NS NS
by t-test

NSNonsigniﬁcant at P = 0.05.

Table 27. Effects of postharvest washing treatment on the quality of Chinese yvam after
7-month storage plus 7 days on the shelf.

Respiration rate at Quality attributes
i 20°C equilibrium Flesh firmness Viscosity .

Washing (CO» mLkg “h ) (N/ 8 mm &) (N-sec ) CIE L~ value

Day 0 Day 7 Day 0 Day 7 Day 0 Day 7 Day 0 Day 7
None 43 3.0 46.3 52.5 15 2.0 73.2 775
Tap water 4.8 43 45.0 49.1 1.8 19 73.8 79.9
Significance NS NS NS . NS NS NS NS
by t-test

NS’*Nonsigniﬁcant or significant at P = 0.05, respectively.

Table 28. Incidence of sprouting and decay in Chinese yam after 5— and 7-month storage
plus 7-day marketing as influenced by postharvest washing treatment.

Sprouting Decay
Treatment (% incidence) (% incidence)
After After After After
Washing 5-month storage 7-month storage 5-month storage 7-month storage
Day Day Day Day
0 7 0 7 0 7 0 7
None 5.0 10.0 10.0 15.0 0.0 0.0 5.0 0.0
Tap water 10.0 25.0 10.0 25.0 5.0 0.0 5.0 5.0
Significance
; NS NS NS NS o NS NS o
by t-test

NS*Nonsignificant or significant at P = 0.01, respectively.
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1) %% FARAT AT A xn

i, THE A T /FEAAHANA mte LTS ARE A Qle] 7C AL /EE
AR whell A v LA Yokt (Table 29).

ol 229 Axst Axo] AL A 7+ Ho|rt §YE W, ArE AF T ZAHT+TTC A
2F/% oA E=AdH(Table 29).

5 & uﬂohﬂﬂi A & FAYHTC AL /5 AddA A vehA g =2H
(Table 30), 2d= A&7 33z Ao AF & Fe48 A9 ARG YU shtg
A Hwold o] 7C ALSE A aHHow o
%ﬂam 2 ol AAlaIes #

+20C AeqF AT 10% 2 EA(Table 30), A28

£AS AT 7ER

< 1HE W, oln 5
Age Aoz HWolr),

Table 29. Effects of post-storage treatment and shelf temperature on the quality of
Chinese yam after 5— and 7-month storage plus 7 days on the shelf.

Respiration rate at Quality attributes

207C equilibrium

Pt Flesh firmness Viscosity "
(CO» mLkg (N/ 8 mm ) (N-sec b CIE L~ value
Post—storage
treatments After After After After After After After After
+ shelf temp 5-month 7-month  5-month 7-month  5-month 7-month  5-month 7-month
storage  storage storage  storage storage  storage storage  storage
Day Day Day Day
7 7 7 7 7 7 7 7

None

4+ 90%C on the shelf 3.1 a 3.8 a 48.4 a 52.1 a 1.6 a 1.6 a 79.6 a 78.7 a

None

+ 7C on the shelf 1.3 b 1.8 b 51.9 a 49.3 a 2.4 a 2.0 a 788 a 796 a

60C air, 10 min

4+ 90C on the shelf 2.7 a 2.9 ab 48.2 a 46.7 a 1.5 a 1.9 a 787 a 79.1 a

"Mean separation within columns by DMRT at P = 0.05.
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Table 30. Incidence of sprouting and decay in Chinese yam after 5— and 7-month storage
plus 7-day marketing as influenced by post-storage treatment and shelf temperature

Sprouting Decay
Treatment (% incidence) (% incidence)
After After After After
Post-storage treatments  5_pnip storage 7-month storage 5-month storage 7-month storage
+ shelf temp
Day Day
7 7 7 7
None z
4+ 90C on the shelf 10.0 a 200 a 10.0 a 00 a
None
+ 7C on the shelf 00 a 00 b 00 a 00 a
60C air, 10 min
4+ 90T on the shelf 10.0 a 10.0 ab 00 a 00 a
"Mean separation within columns by DMRT at P = 0.05.
4. A1 =t g% F A A
e 3% 14 7%
. AT A7l 108 St ~ 118 2037 AZE)
T _ e . R _
|ﬁ I B £} F AT ol 254 =E2HA ¢EE B
533 g ARAY: ANES S ek A9 B8
1. AlH Lol AR e mh= AFHEA 3 AH
2. A 2 29T, 90+5% AthG oA 3~5¢
a4 AL A~TT, 90~95% AHEFE
° Ads ANEE7t HS A$ PE BE UA B
= FEATO] 3Q o4 AFF B9 ALKE AF (T0)
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A 28 vk R ek ABAE v B4

1. A
ko] ZU A E AL 20061 =ARZE F 500 haB T2 o] & s o] AAHAL 70%
oS ARSI Qar, ABAEES oF 5000E 7<4Ei mq AloﬂL 0} 2] E}%‘::} AdEA
a5o] EdHAHA AZ}E A TFE} o
goiEa gon AMFE FEI

2 o
RN [V

o,

o

N

o,

H>

N

o

=

2. PHAE A Y

7h AFHE

(L 22+ A5 4 £d 9+

- Ed AT (iterature review)™ FoJZ AFFAo] #3 M =8 F FEH 5023 A
B, secondary data)E FHstY Tt M= ¢
1984).

- B dFdAe FAARUN) AZF5d 7T (http://faostat.fao.org), & HFAH FH-(www.
mifaff. go kr) EA41% (www kostat.go.kr), BAEEH (www.gh.gokr), ¢H5A % (www. andong.
go.kr), 55 d (www.andongma.com), =3 EAF(www.nanet.gokr), $r=8=7 = (http://
M%k$Mywm)QHPWHWWW&mmmkﬂoL}mmWWwawmaM@umns-%ﬂ/4ﬂ
EE o]gstsith

- nAE AFE Y] g VEAERE FET, v9HY 2 AR
TdS o] &3t

riri

CIREE ]

(2) 12 A5 3 g "E 2 dF AL
- 1=k X]-E(primary data) 727 A 38 FA A
A5 E T3tk 23 AR FHd HE <
22 Az o] A 2 AT AS sk, 23 ARY
HhE o]},

S AR A s () GALES BR ARFAMOANT, A58y, SRz,
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g, A7dn
(L) v BB 24

(7h) vkl AlA Al E A
HEE2e otz 7te] Aujrd o] MATEAE 95% old-& RpA|SHH, opAJoke] AjufH A2

AA AiAEA ] ok 0.3%((2007d 712)el EFSit}. ofAlol AuHEA F dEo] 60% BE A}
A&k ek (Table 1).

Table 1. v} AlAl 2wl &3 (http://faostat.fao.org).
(&2l Zha)

1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
40240 | 41000 | 42660 |4,337.0 |4,400.0 | 45440 | 459.0 | 4639.0

38Mm.0 | 39910 | 4113.0 |4177.0 142340 | 43700 | 44090 | 4,448.0
149.0 | 153.0

T 1997 | 1998
AA 3,367.0 | 39480 | 3,95.0
ofxg]7} | 32170 | 3,798.0 | 38110

iz

ofwlg]7} | 1180 | 117.0 | 1130 | 1150 | 1160 | 1180 | 1230 | 129.0 | 136.0
ofA]o} 15.7 15.4 14.2 14.2 13.8 143 | 146 | 145 14.6 15.0 15.8
4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2

Q Aol o} | 162 172 17.2 184 19.7 2077 | 221 | 218 220 224 22.5

b ok AlA Ak
EHZ ol=a|vle AAFL AAWHY 965% oS 2A|shH, ofrlole] AJabEL A
AALEES] oF (0.45%(2007'd 71E)oll E3}sltH(Table 2). ofAlol AL &= UdREo] 80% o|AF =}

A gk (Fig. 1).
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Table 2. v} AlA A2 (http://faostat.fao.org).

(&9 "2
T2 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
A A 35,5235 |37,067.3 | 389534 [39569.0 399421 42,1955 [44,258.1 46,935.9 |49,066.8 |51,487.2 51,9481
o} g7} 34,1271 (356459 37,4519 |3R,009.7 38,3356 |40,579.3 |425876 452048 | 47,3146 49,7234 |50,137.0
ol )7} | 9275 9325 | 1,003.4 | 1,0346 | 1,088.3 | 1,0744 | 1,1189 | 1,171.2 | 1,172.3 | 1,1854 | 1,2249
o}A]o} 216.4 208.9 218.2 226.8 206.7 2079 205.2 226.4 2334 230.1 237.0
4 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 25 2.7
QAlelYo} | 2564 2779 278.0 295.7 309.4 331.8 344.3 331.4 3444 345.9 346.6
OR(4H9R) B4 _0FA Of =
e 200413
Fig. 1. oprJo} 2] m} FAEE
(th = 7tA73 49
S hetell Al Aulste mkek U3 AES Auiste Il S, 42, tietoln S At
o] 7kAe] d&e] 3uf, T=¢] 168l &3 (Table 3).
Qe ohE F2 A8oz AN o3 UoH, FFE FEWHI 48E B
T2 %8S Smy dEo 2 FESta Qo
Table. 3. v} ZA|7}4 vl
7+A ()/kg A=9
gk 11,620 http://www2.rda.go.kr
SIRC 3,647 http://faostat.fao.org/
T 681 TA7H (A )
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(h o T A A

21 mhel 60% ol4be] HF AN AMEEE(Table 4) AW T FAZ Hol:
U Bk A(Fig. 209 BAHE AT AFAY v} Aol B Bde HEY Badt 9
=3

Table. 4. v} =] AB2-&E 3}

. A A 4 (ha) A2V (M/T)
T e ot At ol
1995 405 284 2,394 1,676
1996 404 283 2,788 1,952
1997 351 246 2,104 1,473
1998 333 233 1,553 1,087
1999 318 223 2,186 1,230
2000 375 263 2,383 1,113
2001 414 290 2,233.50 1,042
2002 365 206 3,563 885
2003 449 314 4311 1,360
2004 433 - 3,764 -
DF(AFE) Ty Ul I} A8 AHE

500 5,000

400 . 4,000

300 b 3,000

Y 2 (ha)
200 k2000
—B— LB LLZHMIT)
100 b 1,000
1] ]
1965 1906 1997 1993 1900 2000 2001 2002 2003 2004

Fig. 2. &= & =W v} A d 51 ALeF ol

(mh) =k AAG 24

20079% 10a9d P Z2F UL 3,694,3499, AGu]= 1,680,201¢9, &5 2,014,148 92 &
=588 545%2 FHAHAGhttp//www2.rda.gokr/). 10kg 14Ax "oz FakstH 71AL
133,370, 7A9v¥]= 67478922 FAHEHFig. 3).

oN
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Table 5. ?F& 7t 4F) SWOTEA].

7% (Strengths) °F& (Weaknesses)
- AFA AT E 9 e fSAA - )
A 99 A A - Aaelths Sedos anldel v 5
T T E0 pad T (o] [e] b 610
‘ = ¢ = T PN =]
- AR B § uds) g e A B RT Bl 5w she] Sere
_ o AL okpl.O E 1’ q
%90_55 A R ] = e = ge
- & A A
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- A7Fe] 4914 wp(ikek) oz QI V1A
- Z A zlo)l g 2=0l ofy]_;ﬂg]: A7) Bl
?TE]’] Taoﬂ-/]x_ A7 BEFs deﬂ A3
(53] 2182 49) i A e . o
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A AN wEA @R ko) ac) s | o AEC] S WA
Har Qs 3249 - ko FAFAVIES Y Suate] AE7
A e Tl e = U].E;
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(e

=
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a4e &35 o F FFAL F Ude ABRAEES AAHse A
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ARl AAFEE TFESHE =H.
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fFraxde] Axol7] wiE 19 125

Follsr 1 dE AEsk] Wi 17 11.2
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a0 - I 428
VEZ A0 2o I
nAsd 200 FE HBUM 2210 ALS Sot 7Y HH
Mo 2y HHTHENE S01 94 SME 0NN T3S0 BNOZ AN oY oy
COITIE 3 AHIZ
IIE=a T el

I T
ngk HE 20 S
R NHARSHE R ISEE . mermEe W)

EZ % 00X JHA

TU SN RN D5 B0 e
manesol  emmmesza GRERAEN i e

03

maygsgFags HSUARS TR gopganwas  SWHXZUERNE

3 2IDHDIE 4 WHEF R WEzd =y JrE 20

rA

_39_



(2) sHAE A= =g S 93 Action Plan: A D

* 20104 IHEA 1209
* 20043 [HHI 2 20% MOIH4E

2 £ FA012E

-F2 A NY
-HUEZNA B2 HE2E +2 20

W= 22 Ano =0 IAH S0 o

IFIE=2 et Sl

o O Bl oR ¥
02 KB 12 I
e m = ) 1]
= 0= e Jn
I L |
1= =
rg
ol
re

A&

I
112)
=
H
o
]
0z
A
ol
H
Hm
)

A=Y/ MHIAEE W3/ HExet—d 2 =3

JI=HE Al MANH BB NN HrHZ2 B

0
i)
re
Jpt
r

149 ME 43t
TS NEWRS VY  ANBHHE -
SHH AAtNEsIR SNanasdW  demnxie we

r

Uz QB 75 Mux oF

+ == 1T =11

UANRSEIRRE popsEnya o NCEMERY  peogmasny

H o1 HxH
yJE: wpkoay  SPALESRIE  ayiaa ey et

Q) rHAIE A +3-& A7 Action Plan: fHEile
-2 BRE WE 6-740F HI2
- N3 Ol @0 Z20E U
- OlEIEZEN 2 USHIISE 04

— - SN AS AU ERS - BHNY WE DY
" -OlElEZEY - B HWRAE BE Y2U/ FUIL WU 018 12

BUAH =4 -BlE 25 M0 =, AN S ol
FOTE 2 AHIZHH
IFIE=S2 et Sk

- BUAMS AFTAN HE HEF 2

UEEE 25D

08 ™
114 i)}
= oy
12 [T
o
=
g
ol

]

nzEsy MHARSHE — HENSLE 2 53
E JIZHE EA NEHNERH R AEYES 2 L
MEA o AEY St
NS EN WS WY OH BHEES 2ol i L
5% 882 75 NEH oF
E JHNRELTIERT  magpma g | "o MEENEES geoosazmy
IPHDIE B saeem 2 =2 Jpas0i0}

pIEET RS

_40_



2

o
d

=2

o
o2l
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1AdEE U wAz AW ol B ol AEA W) Ao AL AYelH T
2o 2 EAWE ATHYT, 2AUEAE AW £F = BARAS AT TP
Mg 984 ¢ze A 2 MA TF, 7H44 28 T8, T4 Fo 2R gF
T2 SRS AETAE ZL vl §F 3 EARAS st 37k T4 2 2P
Azel 47 2 =3 el AYHE =Ry

nte AE S AAl AEAA 1090 8% drtE Felsidn. rle A4ES HAW
T FHFTFE HAAFESY 05 11:—77ﬂi n} RS Az

3 458 aAle ?i’ﬂ Z2 =2 I (OPP), PET, 94 Y4E(ON) 5 3%S A8, A%
< 5T, 20T 2 0T 7&A19 idoﬂﬂ TR

FAFAE 9% AAYRE éi% AA o} BEAA AHYE FASAY. 43S AYde 5=
Hé(o, , 10%6), FAAIZHG, 108)& st AL EH AFS 30um OPP ZESE X
A3 5 15T, 60% RH FAdA ﬂ;‘]'o]-‘}iﬂ—

(2) & mt AR

AE BEsgdA 2011d 149 A3 FeH Dioscorea opposita Thunb)ZE ©]-83}%
o FHRTE Aol 3 Ad AHEE Fetay s ol 8ot By FEd A a8a olF
2

45 AN A 7sE B dopx ALgstAT

¥ As<s @ﬂ v A¥ge AH AFHE  PET/PE/VM-PET/PE, PET/AL/LLDPE,
NY/LLDPE, x} NY/LLDPES AMg3tn txzo2E A HW(LDPE/LLDPE)E o]&3}
A 71A o7 viE Agstgen zZhzbe] AR S #& vl 350cc o] FH 3 F Ag
A stArh LxE AL 20T, AL 5CE x4y
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Q) &% 7 AF

2003 84 & rhE TSt A2, AL, 7hExd d¥e
A 7Y Arteg 229, FimdE Heste] AZddLE 3l
& AgE shlen, F AFE OPP, PET, ONZ ©|8-38}5itth

olr

ATk 2008 1093 ¢F%9
Z7AL 5, 20C, 40°C7t

rfo

L
g

ojz}el FA ANERE pll, A=, FE, X, IS A}

ZHe nt A ZE 9] A== pH meter (UB-5, Denver, USA)E ©]&35lo =435t}

M == AAFA (CR-10, Konica Minolta, Japan; CR-100, Konami, Japan)E ©]-&3sle] An}
H o242 et g el B8 FHY L, a, b 7S ST 22 mle 220 E¥ AAA 9
AHEZ FYE OHE Yo S ornE FYPrES oz M nt F4 EWHI
Zlo 2 "Faste] A5t 42 v AF A F A% Wsle] H7b= chroma valueS
Al AE = /a?+h? 22 FEs )

g =3 ZHAGEA Master-M, ATAGO, Japan)E o]€3t9th A8 Arles gAaz z2
L & FA3} AlAH FA sIYen, B nls 33 FHFFE o83t FHEu] 212 4olA
AL JEE 3 & AGHEs 2o G54 ASHFd $& Brix % T2 Ueh ATt
= 1Ad=zd e FAAHAEA(Bkg)E ol&ste] FAHIIL 23dE Foll=
Texture Analyzer(TA-XT2 Plus, Stable micro system, UK)E ©]83}o] =33 th Probe®
A7 bmmE Ao F4 £EF 10mm/minZ A3 st

AHrle] HEE Brookfield H=A(RVDV I+, Brookfield, USA)E o]&3le] A3 AT
3 7L 20T, spindle NO10. 50rpm, tmin®| Attt 22 o] A== A oz HE
Al (Visco tester Portable & Tabletop VT-04F, Rion, Japan)S ©]83} No.3 Roter (A&
45mm Eol47Tmm)E ©o|&3Ath FAFE 625rpm, ABAL AAIXE + 5% ololH ME
o] FHAEQ 3B0ccE Hr7ie HLldA FHstAnt

o e
Ay Ao

v

3
3

O

FRgFe AGAZEOR SR FFo| ZHW LToE £l v setels 193
KU AZLE(JSVO-60T, JSR, JAPAN)oI A 24417+ AZAIZ]
49 % Az® ARel TAE HEEACP-228,

)
>
©
i)
=2
2
o
-
i
o
rO
m& (@)

W — W2
WO @ Ax g719 77
Wi Az 87 + dx A Alse]
W2 @ 1z & Alse] 7

ZF 7FAEL AAAS(CP-224S, Sartorius, GERMANY)S o] &3le] FA wssks XA}
st 279 Alg FAd 3 gAasE ST
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2918 e SABAL T WASAL B3 A% e] SFL v AHop} BHo] BAYE I

hs =
SAE AEY, AR B gre] REA W), 29 2780 Wgs) 9ol
£2

AR Fe] FAFAHL wet FF 10°0)8 NI} FTL 4L §573 NFer A%
o AR 10gS FHsle B E 01% pepton &4 90mLol ¥ stomacher(BAGMIXER 400,
France)Z 123t #AZsITh olF ImLS FHste] "o E 0.1% pepton &Rl A5t A}
439t PCA(plate count agar, Difco, USA)S Al-&3te] vkt o, 36£1C vl 7)ol A
A8AIZF wjoksl 3 FAE T F S (colony)E Flotd CFU/ge g Yehf Ao

ok PPO BAE ZA}

PPO EAHE AAHL Galeazzi 5(1981)9 WS d¥ WHAS S AT 10g9] nmF &
HE FH3F 12mL 50mM phosphate buffer (pH 7), 1% PVP(polyvinyl pirrol idone)<} 0.5%
Triton X-100& 4101 23t vhsfstqict. vl A& S 5000rpme 2 2027 A2 & & 4
AAgks s AGANO. DZ A7 3 & g B@sty] ghdoz ALEst. ¥HE-7]
2% 2mL 10mM catechols AF&3ITE 25TolA 387 ¥bsA|718 UV/VIS Spectro-
photometer(Optizen 2120UV, Mecasys Co, Korea)E ]85l 420nmE ST a48A
1 it B9 FFEE 0001 S7H715H 283 49 Y(absorbance/min/mL)C.&2 9

gl WE A5AAE AWz 77

TN} Ry e 2 rle FEW
AF2 58S gz AAMIHY SAL S8 nSAZ F HAE AASAT. Z47he A
EHUSE oo ®EUIStY 2 AT L FadA B3 YHoR HHEAHow AP
ot 9, &, 8, =7 5 dE g 53 AxHoz Hrlsldt

3. AT 23

O DI E N

i}
Fld
2
)

(1) A2 B7he] FAA
A E7Ye) GAdoR AE Fa5Ee] BAR 4 FEAL
of F7HEE nhel A4S AT §F ZRAL BF FAREA GTHFig. 1, 2.

O
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ZAX| S ors =8 cHot
T2 HEH s 4|
=& x| Z:415
(B<ZEx1) =:280
(mm) 1:140
E2Hko) 5 kg

EFN=TE  ZEA(LHH AZ /2B BE)

ZF TR M OISUHTEX|
1. =EZ Y OSEHeI0| CHILHE IO 2EH ZEA| AXE =3
Hl22 2. EHope] HEf T 37|17} ZUSHA| SOIA EFQIES0] R, walM ME
ol 70| E= - 7Y I =F B35} 7158

Fig. 3. Corrugated box packaging of Chinese yam.

o} Arl AH A AHo|A|ZF 9] shelf-life £4

(1) 25 oA 2 AF2=sxdd e F4ds 24

OPP & A7t th& TA4AFd H8te L-value’t @A S8=E 222 Ve THEig.
4). A% 2€AF o|F 7k& OPP A 77F & A5 Blsted §438] L-valueZ’l EolH o
H A2 AP OPPYA A 44AE 712 FAsHA oAt JAE0N) A7t BE
2= AF7IE F L-valueZt 718 PR FAFHAH. olf= ON9| ¥ 4ta F3t
T uiolzgl B 4 Ut} b-values Z¥o| FUtsled TS @2
L-values} #2712 2 OPP x%a]—?ﬂ 2 FHEE vt =4
FFg A B "] 4 Eﬂrcﬂ =& OoPP7F M & 5 o
aEv A AR BE -‘E 0 Axe] WstES Ho Zdwo] dojigrta B oyt %
HE T

Axe] A AWy AY 5 FHHLEY I9F
A OPPe] AX9 A3 7} o&F 19kefz 718 ®o)
O (Fig. 5). A% F OPPY A% =& FH4=r}
zZe st 9 FHE wm2A F=7t A& 7+ ‘%ﬂ]
UES T A= AA 7 w2 doiRth. g A 44/ 7A & ¥t 81?}1214 19 A

) HPF
ol
o,
X
(L

K

oF Zastt FAE JEiod, 4L 29 0N A% 6YAAA BEZ AR
OPPSl 7% the 274 323 masbdz B AT wstel FHs Dol Aoz
Hol EAUET} Bol dojyr Aow FHHUTH(Fig. 6)

OPPSl 74 §7] Ulo] We 5% Tz A% 47l 443 B Mh FRER A
FEE Mo 2] 23 W8] Mol 47 Lojuth Mo te A TEe vlst
Fogo] 70% BEZ w-¢ =UtHFig. 7)

F% dzte] A9 ONol A% 20AE WMoz BAAA HolAE AL B & ATKFig. 9.
ot ONBES 44 FEol o 44¢ Holt A3 BAZ 9dof BAG T Ao
Fe AAAE 339 BE BT TAMS ol Hginh
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TR THUSe} MR FolE UEHTHTig. 9). OPP B PETZ ZF% Anke]
FgFol oF 5% old FeHALH, 7HE A 2ANAE ONE W 4%l SR
o Z&T Utk olE 9% FEel TAA YRE FYB W 5 UPF ONBEo|
SR FASEA YU FYHE F2 o] RopPow Wi Arbl Az v
Foletm FHHr)

A7 F FAHUNIL M AYGYE EFAAE ON "Eo|a, J&s 255 AL2A4F
o]tk ON gl A% Artel 4, =, %, A5 FolA bE BEol vz Fd4
A Z77F 24 JYElgou, ON 252 80 ml$ qAsinz o] B2 sfde] dad A
o2 FeE AT

& 34
% 32
@
w_

g %81 ok

i 56 =

'5 54 | —e— CPP(omsl tanp. starag) g 2

SO i il -4 = 24

0 4 —&— (FP(Lowtanp. staags)
—&— PET (Lowtenp. starage)
48 | —0— NLowtenp saragd 22
46 —O—WW)
—— PET (Acodersfive strags) 20
44 | —a ON(Acdaative daapd
2 ' ! 18 -
0 2 4 6 8 0 2 4 6 8
"hine (days) Time (days)

Fig. 4. Changes in color of fresh-cut Chinese yam during storage at different temperature
as influenced by film materials.

Tine (days)
Fig. 5. Changes in flesh firmness of fresh-cut Chinese yam during storage at different
temperature as influenced by film materials.
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—&— (PP (Mol lerr sioragyd
C— PET (Mol tenp. siorags)
¥ O (Mol tenp. storagy)

—i— PP (Low termp storags)

—i— PET (Lovwienp storags)

== N {Lowitamp sloragy)

—4— CFP(Accelarative storags)

—i— PET (Accelerative storages)
& CIN (Accderative storage)

Snodhewinity (a4

Tinre (days)
Fig. 6. Changes in saccharinity of fresh-cut Chinese yam during storage at different
temperature as influenced by film materials.

R
"
|
{

Deconposition raio (29

Tine @ays)
Fig. 7. Changes in decomposition of fresh—cut Chinese yam during storage at different
temperature as influenced by film materials.

é

Change of weight @)

oaRNWEBIwe ERR
¥

=]
N
-
a
@

Tne(dkays)
Fig. 8. Change in weight of fresh-cut Chinese yam during storage at different
temperature as influenced by film materials.
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©Mhisture cootearts (249
d W BB ERE LS

Tie(dns)
Fig. 9. Change in moisture contents of fresh—cut Chinese yam during storage at different
temperature as influenced by film materials.

AT Wals 43S A AlZe] W2 Aoz glov, X mE {oFHQl Aol YE
th(Fig. 10). &% EEE 5% ¥=2L A7} control@ 10% x%all-m A AA 53 a7t
s YeldSS & F AT

2 A 'BoHAAE 10% A A A 24 7HA= dEzFEG 55 49

]
o] El Aot E ol Holx] k| W, 5% A& El A ol vl ZH odAE
7t Ho g AT 5 JATHTFig. 11).
AET BE A FAA FAHA Aozt A U rth(Fig. 12).
ol F (LR L HEF)E ¢IZE 10% AFANA AstA LASALL, 5% A FAAME o|H7}
A8l st et 10%el Hste BlmA gz st thFig. 13).
A3 L9 AFazd o8 uAE tdAo] ¥5 A vehgon, AYFrrt EE24E vl
E o] =okth AR e €43 L FE 5%NAT Zol7t A AT (Table 1).

@ contral Calar B —— Calor
14 ] =l 5% aleohol 5= a0 —'— 5% alehol 85
—d— 5% alcohal 10s — 5% aleohol 10s
—0- 10% alcohol 5= - 10°% aleohol S=
12 1 —- 10% alcohal 105 28 —- 10°% alcohal 1
5 g
T 10 - T 28
o B B 74
B b
5 6 £ 22
2 B T
4 4 20 1
2 1 18 1
D T T T T 18 T T T T
1 2 4 B 1 2 4 5]
Day at 15%C Day at 15°C

Fig. 10. Change in color of sliced Chinese yam as influenced by alcohol concentrations
during storage at 15TC.
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Control

5%

1096

Fig. 11. Browning of sliced Chinese yam as influenced by alcohol concentrations during
storage at 15C.

3o
28
26 |
=
w24 4
e}
pi}
=
T 22 -
3
T
20 - —i— conrol
—"— §% alcohol S=
18 —dl— 5% alcohol 10s
— 107% aleohal §=
—l- 10% alcohol 10s
16 T T T T
1 2 4 ]
Day at 187

Fig. 12. Change in hardness of sliced Chinese yam as influenced by alcohol concentrations
during storage at 15TC.
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10
—i— coatol

—M 5% aksholSs
—& 5% akolol ik
8 —m 10% akoial s
B 0% akohol 10s

Off-flaw ar

Dayat 157

Fig. 13. Changes in off-flavor of sliced Chinese yam as influenced by alcohol
concentrations during storage at 15TC.

Table 1. Change in total microbial count in sliced Chinese yam as influenced by alcohol

concentrations during storage at 15TC.

Days at 15C

Treatment

1 2 4 6
Control ND 4.25x10° 2.25x10" 3.12x10°
Alcohol 5% 5s ND ND 1.24x10 2.36x10°
Aleohol 5% 10s ND ND ND 2.16x10°
Aleohol 10% 5s ND ND ND 2.20%10°
Aleohol 10% 10s ND ND ND 2.08x10°

(3) EHAY Ayt AW vt FAWS A= I

E;A A7+ PPO(polyphenol oxidase)?] A== H|Este A2 YEY oY B3 A
ol A5 JlEvle #Aadte ZAoE UEETHFg. 14). B3 0.09mm EFAZ IF
= B A Al PPO AZ7F 40% ©l8lz2 fAsle oz Hol &
PPO7} &#4& At E & Aok W9 WHale A% 3dA7tA] EE AT
1 Zpol7b viERFA] 2T,

L-value= AA3] HAste AS Bom, A% 74984712 EE A FolA Fo2d A
o] HolA ¢FUTHFig. 15). A SLAFEH thET 10sec ERY A FolAl gz
nv]3l Zwo] BAEY S M, chroma-value7} lmin o4 EH:HAS AMFTERTY =4 Vel
th(Fig. 16). A7 745 7kA] 1min ©]d BRI AHgF+52 49 Wert gllth wekA PPO
o #go] 40%°lstE "old A A TLA7EA] Awlo] dASHA gevia AdHETh £
0.09mm EZAE AT - 75°ColA] 10sec o] EdMH o] Hasditty FdFET),

-
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Fig. 14. Percent values of PPO activity in 75C water-blanched fresh—cut Chinese yam
compared to non-blanched sample.
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Fig. 15. Change in L-value of fresh—cut Chinese yam during storage at 20C as influenced
by blanching treatment.
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Fig. 16. Change in chroma of fresh—cut Chinese yvam during storage at 20C as influenced
by blanching treatment.
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Fig. 17. Change in SSC of fresh—cut Chinese yvam during storage at 20C as influenced by
blanching treatment.
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Fig. 18. Change in flesh firmness of fresh—cut Chinese yvam during storage at 20C as
influenced by blanching treatment.

v 22 vk AlFe 2 e mE FAWs £4: 33bdE

22wk Axe ALAY £AGT ¥F Eddie F3g #M3E HolA &okth(Fig.
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o 3 LxoME BT HAaxo Wite Ao YU(Fig. 19, 20) Az HE Ay

% 29x5E EHsia AwAde] e AR PET/PE/VM-PETelY PET/AVLLDPEZ &

Frlgo] T2 Ago] FL2 AAET Yol dFY Fof & AolE Btk (Fig. 21).
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g o] %2 EZA7E WetEo] HAW wiH, B AwAo] HojAe EFAIF 697K
A& i&iEHFlg 23~25). NY/LLDPE®] 7-¢- 493} 714 WA= (1), FA=(h), &
T & o7 FrAsty Q‘Eﬂt&%o] mzA JdES & 5 AATH
AW M% ‘?ﬂﬁ‘r% siMstH, Fatdkdol £ A A<Ql NY/LLDPE®] AEgke] 12& '
5o A FE71A tﬂzﬂro} ZoZ ZA}EJ&’;IEHFlg 26). th2 A= Wz A2
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= E ol 127} 92 t& AT
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Fig. 19. Change in L value of ground Chinese yam product during storage at 5C as
influenced by film packaging materials.
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Fig. 20. Change in a value Change in L value of ground Chinese yam product during
storage at 5C as influenced by film packaging materials.
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Fig. 21. Change in b value Change in L wvalue of ground Chinese yam product during
storage at 5C as influenced by film packaging materials.
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Fig. 22. Change in AE value of ground Chinese yvam product during storage at 5C as
influenced by film packaging materials.
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Fig. 23. Change in

influenced by film packaging materials.
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Fig. 24. Change in a Value of ground
influenced by film packaging materials.

Chinese yam product during storage at 20C as
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Fig. 25. Change in b Value of ground Chinese yam product during storage at 20C as
influenced by film packaging materials.
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Fig. 26. Change in E value of ground Chinese yam product during storage at 20T as
influenced by film packaging materials.
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Fig. 27. Change in pH value of ground Chinese yvam product during storage at 5C as
influenced by film packaging materials.

pH Walue (20°%C)

72
70 B — 4 — PET/PEAM-PET
B — —-— PET/MILLDPE
'ﬁ\.\ — 3 RHEMYILLDPE
6a 4 \\ Wy Emmw T MYILLDPE
L B S
=
=
LT 64
6.2
6.0 H
a4 T T T T
0 2 4 g &
Days at 20°C

Fig. 28. Change in pH value of ground Chinese yvam product during storage at 20C as
influenced by film packaging materials.
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Fig. 29. Change in viscosity ground Chinese yam product during storage at 5C as
influenced by film packaging materials.

i Viscosity(20%T)

—4#—— PETIPENM-PET
~—~|j\ — [0 — PETI&LLDPE
350 4 ——{~— FIEhYLLDPE

MNYILLDFE

Y
L. 300 - O
z N
5 g
> 250 “q\:\{}
\‘K\\
200 - R

150 T T

4 E g 10
Days at 20°C

Fig. 30. Change in viscosity ground Chinese yvam product during storage at 20T as
influenced by film packaging materials.
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Fig. 31. Change in microbial colony count of ground Chinese yvam product during storage

at 5C as influenced by film packaging materials.
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Fig. 32. Change in microbial colony count of ground Chinese yvam product during storage

at 20C as influenced by film packaging materials.
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Fig. 33. Change in sensory test of ground Chinese yam product during storage at 20°C
as influenced by film packaging materials.
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Fig. 34. Change in sensory test of of ground Chinese yam product during storage at

as influenced by film packaging materials.
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Fig. 35. Change in color of different temperature and film of powder yam during storage

at different temperature.
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Fig. 36. Changes in weight and moisture content of Chinese yam powder during storage at
different temperature.
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Fig. 37. Changes in saccharinity and decomposition Chinese yvam powder during storage at
different temperature.

FE7F B2 nkst EEbols Anke] A T FF Wl oud dFFE FeA EUEHY 5
7] Qlste] B mlel AulE 4CE 1 T FEE 30, 50, 0% 2 2 sty $xd At

nle] AME= A 74 B A wWEUE gl ALZE U TH(Fig. 38). Hunter

_64_



b-value® °f7t Zraste] FAHIL Atk S W3t mEsHA dovht & Aol gle A
o7 Yehdth $EFF 94 A% 797 b8t grkFig. 39).
=& mhe] F7F A7 ClAM A Rlre, 1€ 2 22 vhe A, AR SRR H o
g 7kA 4 896l Wak ot ON BEL F4AINR AY TUANA FENDE 4%
Al713L FE9 FFe BA G AR YERY. FF fFE7I%e] 22 AL dFel Fx
FEE HEAYL 2T 9on A £F U TEAcke] Nwg FI Bajo] B o)
of & Aoz ATHTE
80 30
—— 30%
28 1 50%
4 26 4
g 75 0
3 T 24 4
- o)
8 70 4 5 22 1
= D—”"’U““\D\D € D\
T T 207 —n u
65 18 |
— 0%
- 50% 16 |
: 3 5 7 : 3 5 7
Days at4 T Days at4C

Fig. 38. Changes in color of Chinese yam powder
relative humidity.

— 30%
- 50%

14 =
5 g
=3 2
$ £
5 121 3
5 S
Q = f——— 0 2

10 4

g T T T .

1 3 3 7
Days at 4

during storage at 4C as influenced by

- 30%
1 50%

14 ]

12

10 4

1 3 5
Days at 4T

Fig. 39. Changes in weight and moisture content of Chinese yvam powder during storage at

4T as influenced by relative humidity.
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1. A
e 2 3714 35S st AAs AAEA oAduA tiA A # 72 JFacld
<} 3} F4, 2Ed &, a2ln o 7 #Ed 2 dRreler Aste FAgata

Z(reactive oxygen species, ROS)E AA3th. ROS= superoxide radical(-0-), hydrogen
peroxide(H:02) & hydroxyl radicalF-OH)&9 E/F7F Atk ROSTE EE 3714 F71A A
AbEH, AEY AT A WSl Zgste AsdAgA A E4-EIEAd Aol 7=}
o AstEAS BEtH e R DNA, Ad T 9 dEd 22 ROSY FHolH= Al B
(maromolecule) 2 383 o2 A 4 (modification)d FUE THE 72t o= AA4HA
A ZhALe] T Fol] Bt FAMEC|AIR R ESHA AAAFHE At A7 e
+& Faste AA AEE FAHEJ] BRI AAHE 3Ese #iks ‘ﬂ%% %274
malondialdehyde(MDA), 4-hydroxyln-onena (4-HNE)&} Z-& 3Ak3Ex] A o]
AA Yol A=, A Fiks AES dAF Z2 FFFHSE AAC
Y DNAS 5\—’%/\]74 Axzegt, AEE 23 5 A4 A FeE doxith

G AA F nitric oxide( * NO)= WAAME, ZZFF(neutrophil) SNA AAAEDM nitric
oxide synthase(NOS)ell ]3] L-arginines 7|2 =23le FAEH= Hb-gAo] = Hizd7|7) ol
e 77l ARA SHZE AAAYE 7E, @981 2 F42E 7T, GAEe dgste #
o 7)ol A dth(Lee et al,2004; Ignarro et al.1987; Angus et al,1989; Slavemini et
al., 1993; Busse et al., 1995).

22} lipopolysaccharide(LPS)9F #Z-2 B HEAQ] A=l oA HY % Eu x5 A
= nitric oxidew cyclooxygenage(COX)9] &S FFAIA prostaglandin 52 YFHL
st AFHH3S A3tAIZItH(MceCartney-Francis et al., 1993). 3} nitric oxide®= A|3E=

o

/1\_]__

_IC_)I__

< A #Fxksle vE2 &4 AAEF ¥beE = l=dl, 53] superoxide anion radical® wvF
S8kl FH 3 A4AIR] peroxynitrite(ONOO )& AAdsto] @i dz sietoj=o] b3} 3l A4
< s RS AEFHS o71g B obdzt AElH pHolA protondt Hol E3 = 7]
A7 A A zEte] 4 = MEES 538 & oS mEA AEekgsty dhEE&EE H:0;
of vt = ol ol2= ez &HA U #FH2 AT Yol F53 &3S fd st A
o2 4EHA ot old 4 FHE EofdMe A FEAERRE § A3Ho] 3 EAL
gAstE A7t s AR Qe ol ol ARAY AAE FEoh FUME 7
S AF JNged tig A7 Ay JTHOh and Kim, 2006). & A F&AEL2 A
A4 ES] kA a5 HE Fits eSS T e A &4 Edo] o F8% d

TFAE7F Ha Yoo et al, 2007; Lee et al.,, 2006; Lee et al., 2007).

mH(Dioscorea Rhizoma)= #habel] &3 thd Al =51 wh(Dioscorea batatas Thunberg) E=

vk (Dioscorea japonica Thunberg)®] B E7|5 7AZstA Al&sle A E2 F84 EE59

ofg|ztgor= ¥9 Astay (McAnuff et al, 2005), ZEl2HE #3284 (Chen et al,

2003), w¥]wZzH(Kwon et al, 2003), mFe] FQ& AlE<S methyl protodioscin, methyl
ls

protoneogracilin, graciillin, dioscin 5 <17t A X thdl &F¢aF} (Hu et al, 2003; Jing
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et al., 2002), B9 =xH &3 (Choi et al.,, 2004), phospholipase A: A3 Z+-&-(Kim et al., 2004), 3t

A ALY RAY o) § FhsHe dotnmA Sk

7L FE2 2 A4
(1) Mucin

EAAZ AE 500g€ 50mM Tris-HCl bufferE o]&3ste] A5}
O

3] Fig. 19 22 PHOR £IF F 25 A9

‘ Freeze dried Yam (Dioscorea batatas Decne) 500g ‘

Extractionwith 2L of 50 mM Tris — Hel
containing 1% vitamin C

‘ Tris — Hel extracts

Centrifugation at 14,000 g
for 30 min

Supernatants

- Isopropanol was added to
a concentration of 70% (4 )
- Filtrated and Drvin the oven

Crude YTM

5% SDS solution was added
Crude YTM (50 C)

‘ Semi purified YTM ‘

Boiling water for 20 min
Centrifugation at 14,000 g
Supernatants

- Isopropanol wasadded to
a concentration of 70% (4 C)
- Filtrated and Dry in the oven

YTM

Fig. 1. Fractionation of Mucin.

(2) Saponin & % &4

F2L FAAZX AE 40g€ 80% MeOHZE o]g35te] 80TA F#
2ES 47 551 Fig 29 22 WHez 23 T 35 AY
=R

AEZ(Yin et al, 2004) Fo] Eisi Qloh

Fgogge BAMste] 1 Bk TS5



‘ Freeze dried Yam q4o0g ‘

Extraction with 500ml of DDH,0
Areflux condenser 70°C

Supernatants

Extraction with Ethyl Ether

@@ Ethyl Ether

Evaporation

‘ Crude Saponin ‘

Fig. 2. Fractionation of Saponin.
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(1) DPPHell tigt AR Fo5 4

n2RE FZ2E F hzl Z Alzde] DPPHel thd "R} F95-2 Bondet ol 93 =
= 6}2515} o8 FE2 F&E 40uLE 300uM DPPH/EtOH 76011L°1 A7 3 & 3087 37T
H2| 3l & UV/V isible spectrophotometer(Berkman USA)E o] 83y 516nmoA TFEE =

BSar 7 228 A4 Fose the 4oz %E ALk
AAFO-(1-(F2E BT FRE/FEE T AT FRE)I0

(2) Hydroxyl &ttjZt AAF

ngxy FZ2FE F4A3 2 AFEYY hydroxyl &Yz &2 5L Smirmoff and Cumbes
(1989 "ol wel FeSO.9 Ho0-9] Fenton ¥HS-o 2l AAE Hydroxyl git)Ze) o8 7f
teEd He 32 Bd SAFHAT 15mM FeSO.9 6 mM H:0: (35 @ 5)9 37TCelA
Fenton ¥H&-oll 2138 AAE hydroxyl &tz 760uLet &2 A& 40u1E TF3F § 37TColl A
ok 3087F wh-AlZth ¥RS & 200mM sodium salicylate 200uLES 7} 3 & UV/Visible
spectrophotometer(Berkman, USA)E ©]&3ld 562nmolA] SFE=E 339t Positive
control2 TA F2Fs}AIQ] ascorbic acidE &H3F HHoz HAYstd FE2E0] 7IAle 2AF
7 v SR o Ao E AAF(%)S T

2AS%)={1-(FZFE HA7HY FRE/FEE F 37 F35)1x100

(3) Tron—chelating 5

nf2 7y FE5H FAF AFEU jron-chelating 432 Hus(2006) W 2|3
2mM FeCl; 6011L, s L% 40uL st S/ T00uE EFF F F2olA o 108
At ¥bg T 5mM ferrozm o 78} Fe” —ferrozine complex® S%3517] $3)
5E7F RS AIZFH T w8 & UV/Visible spectrophotometer(Berkman, USA)S ©]-8-3}

_l]}lf

A= AT
1, |
Lo A oF

562nmell
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> op
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FFEE =A3YT} Positive control® iron chelating#| ¢ deferoxamines Y3 o=
As5te] F&Eo| 7FAE chelating 5% ¥ 9L TS Ao 2 chelating ?(A)% Tt
chelating 5(%)={1-(F&E& F7I9 FF=/F2EF F A7 F3))1x100

t}. 2313 DNA &4 oA 7}

(1) ¥X-174 RF 1 plasmid DNA cleavage assay

n2HEY FE2F FAZ ZAEXEU] 44514 UX-174 RF 1 plasmid DNA cleavage ¢ A2 4
< Jung S00D)e WXl s FAHsIHY. Z2u|= DNAQ  supercoiled FHEf7F
open—circular®} lincar FEj 2 W3 E = A== 28 DNA &4 AT 2 AFEFHASY (Jung
and Surh, 2001). 1.5mM FeSO.9F 6mM H:0: (3.5:5)¢9] 37CoA Fenton HE-gof 23] AAHH
hydroxyl #tH1Z 760 nlet =98 A8 40ulE &S 9 37Tl °F 3023 ¥H-AIHTH 30
2 % kg ZEE 20uLe} WX-174 RE T plasmid DNA 5uLE oAl @8l 37 Colla <F
307 A w8 AJFHTE Sul W (50% glycerol (v/v), 40mM EDTA and 0.05% bromophenol
blue)E F7}3lal 1% agarose gel® A7|9FS AA 3 & ethidium bromide® |3t UV
sloll Al AP Z 9 S ST

(2) Intracellular DNA migration assay

o9 3B HfolAE ¢l NIH 3T3 AT F (2x10°) & 6 well platedl A ¢ 2447+ F<t
sttt vt FEES $EEE J7F 08 F AFTEFE ImMo] HEE FeS0.9 H:0:.5
H71e & oF 24417 BQF v gstATh 2447 & intracellular DNA FZ&2 93] AEE I
33l lysis buffer (50 mM Tris—HCL, pH 8.0, 10 mM EDTA, 05% SDS and 0.5mg/mL
proteinase K) 20uL2Z °F 55Tl Al 6027t lysisAlZH T Lysis & 94 228t AlXE debrisE
A AL RNase 5uL H7F & oF 55TCoA 6087 Aukg AlHTH FUHHAGO% glycerol
(V/V) 40 mM EDTA and 0.05% bromophenol blue) 10uLE 7} & 70ColA 1027 W=
T 2% agarose A2 H7]9FL HAAFAT. A7|Y9F F ethidium bromideE G235t UVsH
o Al AP EGE ST

2t AsA A E EA AR Bt

(1) MTT assay

a2 RE FE2E FAT ZAIZUY AsE &4 o obr|EE A g -
Carmichael 5 (1987)¢] W o] wa} MTT assays AAsATE ml92 FF AfolMx <l
NIH 3T3 M= FZ 96 well plateol] 1 x 10° cells/welle] A 100uLA E33}
AlZE Bt sttt A Hﬂokoﬂ AHEE A E A AL wiA] 100uL, & F
83 HFFE7F ImMe £ FeSO.8 H:0:5 H7Me & 37 coM 24 A
Aok 2 F ZF welldl MTT 9~°“<1mg/mL>E 100l F7lete] SL3 ujk =ANA 447t

Fatdch wFAe AAST 7k well B DMSO 100uLE F7}3}e] shaking incubatorel A]
3087 wykel & ELISA reader(Versamax, USA)E 540nmol A &F =S =45t}
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(2) Lipid peroxidation assay

rt2RE 22 FAS = Abxde sty AE 4k o AlEg 2 Kang 5(2008)¢] W
o3 =AU A FBE Mol Ee NIH 3T3 AT FE 6 well plated] 2x10°
cells/welle] E|Al ImL¥ EF38ta 37CollA 24 A7 Sk vidatdrt. A wfFel]l AR8-E v =]
=2 AAST WA 2mL, 4 FE2E T8 A8 2832 FAFFE7 ImMol HEE FeS0.8
02 H7ISE 3 37Tl A 24417 B2t vttt 2 & 2712 phosphate-buffered saline
(PBS)22 AlE F HEE 353 A7k 1.15% KCIE o|&3te] FAIsAth. 23 &
8.1% sodium dodecylsulfate 0.lmL, 20% acetic acid (pH 35) 0.75mL 2233 0.8%
thiobarbituric acid (TBA) F7Fstal 95CelA oF 2A17F ¥ A Z T HES-ES Ao AL
3} & n-butanol/pyridine EFE (1511, v/v) 25mL& H7}3F & 1000gelA] 1027 Y4&2] 3}
g}, AAMS B33 F [UV/Visible spectrophotometer(Berkman, USA)S ©]-838}a] 532nmel]

=
A FEES FAHSU

(3) Western blot

ok FH MGolAZ ¢ NIH 3T3 AlZ 35 6 well plated] 2x10° cells/welle] = 7
ImL# &F38ka 37Tl 2443 Bk wiFstaivh & wiekel AHE-E wWiAE A ASIL wiA
g 293 AZFTE7F ImMol HEE FeSO.8 H0.E A7 F
5 S 2}7}-% phosphate-buffered saline (PBS)S.Z 3

W
ﬂ
3
2
X
[N}
I~
>
)
oft

(o3
0,
ju sl
——
o2

T AZE st dMAdS FEAT FE5F @A 26ngS 15% Tric-HCl A& ©]-8-3}
o] SDS-PAGE % PVDF membrane® 2 transfer blot2 3}t ©@¥l Aol transfer® PVDFE
= blocking W3 (5% non—fatmilk/0.19%6 Tween 20/1xTBS)E <F 1A]7F 3027t blocking &
0.1% Tween 20/1xTBSE 33 AHstATH AH F p21 13FA7F 1100082 A E 5%
non-fatmilk/0.1% Tween 20/1xTBSE ©|&3dto 4ToA 244 7tEd WA AT ¥ 5
0.1% Tween 20/1xTBSZ 33] A"tz 22 @A anti-rabbite] 1:10008] &= 34w 5
non-fatmilk/0.1%6 Tween 20/1xTBSE ©]|-&3sto] A2oA 1A1ZHEQd ¥H-gAIH T wH§
0.19% Tween 20/1xTBSZ 33 A& % detection agent (Amersham Biosciences)
membranee G F ZFA| polaroid filme A EF S 5. p21e] Tdd vA= vl F&
B gL soft Un-SCAN-IT gel Version 5.1(Silk Scientific. Inc)& AMH&-3te] &4 3T

2

X

H - ok

N

(4) Apoptotic body assay

o2 FE AMfol AIE  NIH 3T3 AlE FZ cover glass7} 5913 = 6 well plateol] 2
x 10" cells/welle]l E|A| ImL¥ EF38ta 37°ColA 24417t B¢t wfekstitt. A wjokol Ag-H
A& A AT v A 2mL, ZF FEFE & AR I8 HFFZ7F ImMol HEE FeSO;
o} H.0-5 #7183 & 37TolA] 2447 Bk wjkstath 24zt wellel cover glass® 4%
paraformaldehyde® ¢F 2087 A3 & 1xPBSE 33] A&ttt A3 3 Hoechst 33342
A AFE HFEE lug/mlel HEE 1583 AT 1xPBSE 33 AlH ¥
fluorescent microscope® A #H9L 31}
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o}, 3}

[e]
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%—/\é )

o

7}

(1) Nitric oxide =7

RAW 264.7 MZF2 5 A€ nitric oxide(NO)S 4& M vjFd Fof EAsE NOy
o] HE|EA] Griess AE o]g3te AT =, RAW 2647 AEE 24-well plateoll
5<107/welle]l H=Z ®BFsn 1243 wFsAt. vk FEEL TEE A 08 F
lipopolusaccharide(LPS) 1ng/mL2 &% Az st 24A17F wiFstth 24413 & Al Zajet
S8 200uLet Griess A12H0.19% N-(1-napthyl)-ethylenediamine, 1% sulfanilamide in 5%
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(2) Western blot2 E3F INOS @l d @A T H|wE2
RAW264.7 MZE 24-well platedll 5x10°/wello] HE2
=¥ A7 308 & lipopolysaccharide(LPS) lug/mLe & A
2} 7} phosphate-buffered saline(PBS)S.2 A3 & MEXE 3|43ty Gl dS FE35}
=3 gl 25ugS 15% Tric-HCl 2S o] 83t SDS-PAGE ¥ PVDF membrane2 2
transfer blot. ©WZo] transfer® PVDFZ blocking W3 (5% non-fatmilk/0.1%6 Tween
20/1xTBS)2 <F 1417k 3047k blocking & 0.1% Tween 20/1xTBSZ 33] AHsHch AlF
S INOS 12+ &A7F 1:10008]18 2 A E 5% non-fatmilk/0.196 Tween 20/1xTBSE ©]-&3}
o] ACeA 244 3E < WHEAIZ] AL, WHE- ¥ 0.19% Tween 20/1xTBSZ 33] A2 3aL 22} &HA)
anti-rabbit®] 1:10008]€2 3 4¥ 5% non-fatmilk/0.1% Tween 20/1xTBSE o]&3}l9 A&
ol A 1AIZHEQ WREAIZTH ¥EE F 0.1% Tween 20/1xTBSE 331 A& ¥ detection
agent(Amersham Biosciences)2 membranes @23t & FA| Polaroid filme AMIEFS s
Aot @Eidel @ nAe FEE FFE soft Un-SCAN-IT gel Version 5.1(Silk

Scientific. Tnc)& AFHE-sle] 340

5
<
=
=

(3) Western blot2 &3 AALZE AR NF-kB9] activation A8 ¥ n

RAW?264.7 Al ZZE 24-well platel] 5x10°%/wello] B =2 EF&tm 12417 Wl FAZHT 28
T=¥ Az % lipopolysaccharide(LPS) lug/mLel &% sl 30E3F sjFAI#HT O
2}7}-¢ phosphate-buffered saline(PBS)2.2 M2& & MEE 345ty Gl AS FE3519
F=3 @A 20uge 15% Tric-HCl & ©]&35t9 SDS-PAGE ¥ PVDF membrane
transfer blotdtx ©¥l Aol transfer® PVDFE blocking W3 (5% non-fat milk/0.1%
Tween 20/1xTBS)E 2F 1A|7F 30E7F blocking & 0.1% Tween 20/1xTBSE 33] A& sl% ).
A2 & ikBa, phospho-ikBa 1x}&A]7F 1:10008] &2 34 E 5% non-fatmilk/0.19%6 Tween
20/1xTBSE ©]-&3te] 4TollA 244 3FF AT ¥Hg & 01% Tween 20/1xTBSE 3
3] MFEsta 22 A anti-rabbite] 1:10008]€ 2 34 ® 5% non-fatmilk/0.19% Tween
20/1xTBSE o]-&3ate] A2elA 143Fr w-gAZAT. ¥ & 01% Tween 20/1xTBSZE 3
3] A& & detection agent(Amersham Biosciences)® membranes 93+ & ZA] polaroid
filme #FFstArt. @A L& mAs FE2ES YT soft Un-SCAN-IT gel Version

TR A
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5.1(Silk Scientific. Inc)& AF&-8t] St

ot
jﬁ
HU
N
S
>
o
N
=
om
0 12
N
)

)
AHEEL AF 100+15g2] Sprague-Dawley (SD)A A
AT 21.4+£0.05C, % 61 + 1%, BE2 12 A7+ —2|—7])°ﬂ/\i 1 7 (FFLAIEFTEAA
T3 DyetsAl AMRE £XAZ] & AMSSETh £ F
sedign) 22 8rtal¥ 3t Foz AAXFT, —.4?4]0 =
o] 3w¢o 2 R AFsATt 2olet AF AAFH o™ AR B Aol HF
T AT dAHT Aol uld SAHSAY. BE FEAFE 72 NIH (National Institutes
of Health)d] 4@ EE %8 74 (Principle of Laboratory Animal Care)® ¢Hstidtme] AdE
E #E o A AR A wet AT

o T

I ¥ (randomixed complete block
FA Ay = AAZA AE

o

_,d
offl :[o
i
B\

Hj FIF
In

G AAF 5=

AZF 130+23g2] 7 33 8 myAL 1 Fo= o] AU A)FF AR &
ethanololl 05N HCIE 2 3F9 AA AF 1% A+ F9slirk 1 A7 & oA A159] 1%
mucin® saponing AT Fol dtgoem, A - dS Ftolla] 1 AIZF B A T AT

Rs wet 912 2 F A EsE HEES Ao FEage] nZAZ F A
AduFez 100 Shste] o z24e #Fednt. =494 AF2 99 ¢, 29 3 I
AEE A2 F 9 27 AHE 29890

(7) B3 @AnAE A B

z2g A FAAZ 2 AT 28 F 4, 25 3EE A F Awdd 27 A%
Wio] me} 2AE paraffin Zv] SFHTh o] F paraffin blocks 7 4~6m= Al Zshe]
hematoxylin@} eosin®ll o|FHA gk & 33+ 1] 7 (Olympus BX50, Japan)stell A #2332
AR Z9L Olympus DP-718 AH&3H

O

3. |72
7h w2 5E FZE" mucin saponin®] #4kst A 7}
AAL W AT fdEol AE delA o] 8E o, superoxide anion radical (*Oq),

hydrogen peroxide (H:0s), hydroxyl radical ( * OH), single oxygen ('0.), 2832 A& free
radical =, alkoxyl radical(RO * ), alkoxyl peroxyl radical (ROO * )3} 7Z& ZAAlAZFo] Hal

2 AA Hoh(Singfth, 1989). o|# 3t &A44t4A T2 B2 AZS 257 wio &4 Fo
s e AFE AU W oy, I BT Tl EAAHL e A FIIA
E A S8, AAEZRFEE FEIHEAME 540 gle Ad FAsAE Fohdls Aol A
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A3 87 "AHMoure et al, 2001). I FAAME 53] AEZHH w¢ &8 i sty
BAA R FarstAl o] d-e 9% AF7F Bgle] ALET AHH(Choi et al, 2002)

DPPH7} 25 W st o8 dA s45 Sof E7F94oz AT EAE ¥
dste] FdFo el wet AL Aol A FE A= dEE ol &std AT 2R F&
® mucin@} saponin® DPPH &A% 23 saponindl Al 1 @4 Ve ATHEig. 3).

120 4 ——Ascorbicacid —= Mucin 120 ——Ascorbicacid —=-Saponin

S

=3
=
s

@
g

Yo Seavenging activity
o
2

Yo Scavenging activity
. o
& g

=3
S

20 - 20 4
0 . . / 0

0 0135 095 05 1 ) 0 0.125 025 05 1

Concentration (mg/ml) Concentration (mg/ml)
(A) (B)
Fig. 3. DPPH free radical scavenging activity of mucin (A) and saponin(B) from Dioscorea
batatas. The absorbance values were converted to scavenging effects (%) and data
plotted as the means of replicate scavenging effect (26). Bars indicate meantS.D. (n=3).

XA A F Z) hydroxyl radicale 7FE wh8-Ado] 7bata A8
57 W&o hydroxyl radicald] 4&£A & aksAlel 4% A
(Sakanaka et al., 2005; Stohs and Bagchi, 1995). rI2 % F=4 -ﬁ—ﬁ‘_ FE2EY = A
FEENA FAl FEEANAT hydroxyl radical &4 5] EASAT. T4l FEFE-2 hydroxyl
radicalS 0.125 mg/mL FZolA 2F 12%, 0.25mg/mL&=olA] 15%, O.Bmg/mL%:Eﬂ]H oF
32%, 1 mg/mLE=AdA o 56% 281 2 mg/mLEENA °F 64% HE A A ATHEig. 4).

A [e)
£AHS

v}

120 4 —— Ascotbicacid —=—Mucin 120 4 ——Ascorbicacid -=Saponin

=3

g
=3
g

@
g

.
=)

Yo Scavenging activity
3

%% Scavenging activity
g

S
S

0 - - - - . 0 - - =—’—/"/

0 0125 025 03 1 2 0 0.125 025 03 1

5
Concentration (mg/ml) Concentration (mg/ml)

(A) (B)

Fig. 4. Hydroxyl radical scavenging activity of the from Dioscorea batatas. Hydroxyl
radical was generated from Fenton reaction between H:0: and FeSO.. The absorbance
values were converted to scavenging effects (%) and data plotted as the means of
replicate scavenging effect (26). Bars indicate mean+S.D. (n=3).
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22 3F, e % ada o 52 & aF gEolth v 2 49 e
7t AN Bddgoleg BEE Ho] FHoE SEF HL—%*J o] Eob AAWelA Fenton
HH&(Fe’” + HiO: — Fe’ OH + OH+)& 53 Az A4 & dldo] g2 2 sta 4

F9 717 2 AR Tt AWAY 432 Sl @ th(Decker et al, 1992). welA Fe’' o]
chelating 582 dstAlol $83% =1 F shtE AAZT @A vlFdA fFLdstA 5347}
A=, A835 o] J= iron chelating agent= deferoxamine®| oA AF=E F57F <
=™, plasmacll Al e Al Hokes FHE o] ofd] ARgd XBF ©Hez A AZTHEmara et
al, 2006). FFERE F2E R FE2EY 2 AEY FE2E T FA FEEAMT T
chelating @40l ZAs9t. FAFZEL Fe'' 2L 0.1Bmg/mLEEdA < 14%,
0.25mg/mL& =4 °F 19.1%, 0.5mg/mL&E=oA <F 74% 28] Img/mL¥3} 2mg/mL& = ol A
oF 98%H % chelation*] Z T},

——Deferoxamin —=Mucin 120 ——Deferoxamin —=—Saponin

=1
S

=

8
=]
=3

P
8

o
3

40

% Seavenging activity
[

% Seavenging activity

S
)
S

R

0 0125 025 05 1 2 0 0.125 025 05 1

/

Concentration (mg/ml) Concentration (mg/ml)
(A) (B)

Fig. 5. Fe*' chelating activity of the extracts from Dioscorea batatas. Fe” ion was
generated from FeCle. The absorbance values were converted to scavenging effects (96)
and data plotted as the means of replicate scavenging effect (%6). Bars indicate
meanzS.D. (n=3).

g2 RE 228 R4 484 DNA &4 AR H7t

ALY Foll A B3 AHAaTE v 2 T e ASEES DNA &4 fFEF &
“ﬂEM Sket (Fairbairn et al, 1995). & =3}, F4, $4H, %4 I 59 2dd =25
o AA dellA FELs 2 &8 7 vk A4 F (reactive Oxygen species)e] A4
o] HAA Ho g EolAth F713F ubSA AL F TRyl gakstA| 2 ol AIE dojM™ A
34 2Ef 27t dojutar I AR oF 2SS FZAITIA 9 (Ames et al, 1993; Pryor &

Stone, 1993).

P FHAA 807 FAFHA 8Rlo] BFAe R gt WA HE thkA HFo|th A
AR EAA & Aoz WG HE= H]-‘E A WAl (initiation), Z % (promotion), %13}
(progression)?] Al @AIS A @As= Aoz d¥A Qo Tl initiatione AR 3}
23 k1A (initiator) 7F A W ol A ﬂwx—-l o7 BA3E AR Wite] vrtgHo 7 A

o
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Aoz FAAEZe DNAE E&4AA A E AFAH Z(prencoplastic celDE FAste =4
Hol #igoz Ayt 9] initiation TAA TAFE DNA £742 oF 2A7 83% o4
o] =2 A¥AHS UYEHER initiation TANA Sl DNA &4 A= Fd@AA 3olA T8
S A& SHh(Surh, 1999; Johnson et al, 1994). RIZEEH FZ&3 42 F 41314 DNA &%
A A& A4S hydroxyl radical 245 2 Fe2+ chelating &Aool At FAS o] &3t H7}
AT 2H3lA DNA €4 oA &AL WUX-174 RF 1 plasmid DNA cleavage assayS ©|-8-3F
v X & A|2® " intracellular DNA migration assay$} phospho-H2AX Tz dhef o] B
2 5% AX H Alx"oz HUEUY. AAHQA plasmid DNATE supercoiled form (SC,
untreated group) FEIZ A5 FE2F AT glo] H:0:9}F iron®] Fenton ¥hg-oll 23] A

H hydroxyl radical == iron A 3slollA= 2tgd £4-8 wo} gpen-circular form (OC)#
B2 AHZHEY. 23} hydroxyl radical E2 74 FEE9 A= 0.25mg/mL &FZoA <F
26%, 0.5mg/mL % ]/\1 oF 78%, lmg/mL Tl Al 79%, 2mg/mL = ]/\1 oF BUAHE

Agl= 1lmg/mL & ]/‘1 6596, ng/mL FTZo A oF 85% 0]’}}4 /&ﬁ}x—‘l DNA ] j) 3}
=L A8 S BRIt (Fig. 6).

Mucin (mg/ml)
0 025 05 1 2

Mucin (mg/ml)
0 025 05 1 2.

Untreated
Lintreated

100 1040

80

60 % 60
40 4 = 40
20 4 20
o
04— —
0.25 D5 1 2

Conceniration {mg/ml)
(A) (B)
Fig. 6. Protective effect of the Mucin from Dioscorea batatas against oxidative DNA
damage in presence of hydroxyl radical (A) or iron (B). Hydroxyl radical was generated
from Fenton reaction between H20: and FeSO4. Iron was generated from FeCla.

“u remaining 5O
remaining S0

0.2% 0.5 1

Concentration (mg/mly

A FZE2E A3H DNA £4 AES  intracellular  DNA  migration assay 9}
phospho-H2AX w2 @ B2 E5] A TFH Al2"oA 71ttt DNA migration @A
£ DNA single strand® €4 Z8]3 phospho-H2AX @l A o] W& DNA double strand
&) AF 2 AMEETH(Kang et al, 2008)). Hx0:9F FeSO4 &4 8F 74 &5 A= 4
st4  £4el @& DNA migrations HASIAIL(Fig. 7A), DNA &4 A LdHE
phospho-H2AX @8] Aol BHAH =7} 0.25mg/mL FElA 23%, 0.5mg/mL F=NA 2F 60%,
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Img/mLEENA 75% &1 2mg/mL &= A 91% 43 Ao 7 Hol Fal FEHEo| 4

gl TE=E

314 DNA €4S A8 ez AR HTHFig. 7B). o83 A= phospho—HzAXA foci 3
e 3 HAn s 53 Wy G MEE E3] FAMet mF FE2E HE flo] H.0.9
FeSO, Z&A 38} phospho-H2AXE]  foci®] ¥Ao] A= eovt ml FEHES A=

phospho-H2AX 9] focid] A4S 7#A2AH T (Fig. 7C).

Mucin (mg/ml)

+

0 02 05 1

Untreated

Mucin (mg/ml)
g 025 0.5

Untreated
a2 W

1 2

«—H2AX(15kDa)

In presence of hydroxylradical

100 1

80

) 60
e i e 10
In presence of
hydroxyl radical
B l
JH . u

Concentration (mg/ml)

Untreated

(A) (B)
Phospho-H2AX DAPI Phospho-H2AX
Untreated H,0,+FeS0,

H,0,+ FeSO, mucin (0.5 mg/ml) H,0,+ FeSO, mucin (2 mg/ml)

©)

Fig. 7. Protective effect of the Mucin from Dioscorea batatas against oxidative DNA
damage in the cellular system. The protective effect was evaluated by intracellular DNA
migration assay (A), western blot for the level of phospho—H2AX expression (B) and
immuno-staining for the formation of phospho-H2AX foci (C).
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GRaE AT W ode FHYEY A4, 994, 94 390 DNAS WEAA 95 f
En AT ofe 2H SAAA A IS fudch 55 Ao} Avude
A G AWAA BYSE BN FAL wol ol TR ANRBL IS
H, o FAHEET LHNEEL WgAo] Fop FHo AALAFY Tx) 75L WA
A olel 7b wyABE 2Asl HE AoE FEA Aok olAg g Adol st
QAo ks AP oIk ot FHA FEL MolE FWE WM L4 ZehPoEA

58 4% B ohg ¢ S9 oy AMATE AU

AEFA Y IS FESIA = 2
H71E, 9 59 23S ¢ 3 (Dreher and Junod, 1996; Griffiths and Lunec, 1996).
£3] A 223t Al f2E s AHEQl malondialdehyde® DNA €42 f34]7]17] wj &0l FU470
A Q1AL 2 o AXH(Vaca et al, 1988, Esterbauer, 1982). F4l FZ&E 9] Hydroxyl radicalell ¢
& orlEle AX EAAZEAHL lipid peroxidation assayE &3 HI7FE T Hydroxyl
radicalell &J3] MEZo] Fa3F &4 AZH E4oltt Lipid peroxidations T2 FEAEZ]
AEE &3] AxZ A A L 0.5mg/mLel A 56.1%, 1lmg/mLolA 76%, &
A 2mg/mLol A 8% HE AlE ) A Zsksts A AlstATHFig. 8B).

A
L
i

120 4 120 A

—-
=)
=3

100 A

NoFeSO4
NOH0; In presence of hydroxyl radical
<«

©
=3

80 1

o
=

60 4

%o Cell viavility

% Lipd peroxidation

'S
=}

40 1

N
S

20 A

=

2 0 0.5 1 2

Untreated]
Untreated

Concentration (mg/ml)

Concentration (mg/ml)

(A) (B)
z
§ o Mucin (mg/ml) @
5 0 025 05 1 2

<—PARP(116 kDa)

©)
Fig. 8. Protective effect of the Mucin from Dioscorea batatas against oxidative cell damage.
This protective effect was evaluated by MTT assay (A), lipid peroxidation assay (B),
western blot for the level of PARP, p21 protein expression (C).
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Boste FEAATHAA p21 A PR Z Hrigk AFig. 8C), FEE AT g§lo
FeSO494- H202 Tl_"XH 0]’ D21 %‘ﬂ} eo %‘:ﬂ_o] 'E:'::_"% —9- E-o]' /‘]'Q'x—‘l A‘ﬂ""/q'uﬂ O] 1:_-:4311—4_
3 AR EY ¥bE 74l FEE AHE = 0.25mg/mLolA 2 11%, 05mg/mL FEoA <F
469, Img/mLell Al °F 87% 18] 3 2mg/mLolA] °F 93%F = p21 @Al wdo] FA¥ A
o2 Hol AgtH M EALEo] AAEHASTE & + U

Poly(ADP-ribose) polymerase (PARP)= DNA<AT B37|58 zt= 23842 WAt
2 =3 "GLEP Caspase—37]- A3l guld EHdo] dojul™ PARP T3 B

o] FeSO49]r 20 T‘:XH 3} PARP E}‘ﬂ.‘ 71%4 ‘:‘E”?io] ZolE o) mucing A F dAE TE
H PARPE] @Hdo| =olth

FFHHGE AlFolut o olEFe AU e AAZAe F4FH Wo] wkgoz dojuy
m AN AFEA MES Woirizte gz tiAMEZrt @dstE. R AT oste &dstE
HAAEZE g8 42 HA2E B9 dF w7/l E4& (NOS, COX-2), AlelEFQl (TNF-q,
IL-18, IL-6), 3]2=E}%, PGE;, B4l % chemokine 5& AASCE dutxo =z HAAQ Ay
ANA 4% AAHEE NO, PGE2 TNF-q, IL-18%} IL-65 AAAA A7 7|5 24 #Hs
Aqk A=l st Fg AAETE S, FHAS, d=stoln, A W, AR A,
o 2813 HeEtd 9 FrlEl g 2E9y e g § A% AEY T 3R 2 /okg
2 BEY T FriEls Agn 22 gdd d954 2¥e = @o(Mariette, 2006; Jang et

fex]

A

o2 o3t IHF Ale FHA
1204 Wid 2, 4% 715 oA, E3 = A, 2473 s F
28, g &4
2002) F-zH-8-©] gl <1, :

nzBE FE2H 74l Z AL nitric oxide (NO)9}F INOS ©@Eid A

AEE B 7T NOT HFEEA 2 =351 FaAddo] = a9 B FE=
A lipopolysccaride (LPS)$} e dESHEEZo 23k NO AAFEAS INOSe &A43ls &
sl AAET RAW 264.7 cells2 LPS A= 93l dFAla7F AEE™ el NOE AA
st A E NO= A2 WEEHo, @438 RAW 2647 cellE st miz iy F&53
mucinZ}t saponin®] NO A4 AAHEE 7wHsl7] &l v FE2ES FEEE 2447 A5t
of wioF AEd o] NO Adds SHSAHFig. 9). 7l FEEF Z AAZUL 5780 =
NO AAdE& AAA7IE Aol #HAFHIJ=H, A= kA &2 A el
= 25 uMe NO7F AAENeH, LPSE AFH RAW 264.7 cells o 168] o] F713k 40
uMe] NO7F A= ek 22l LPS A 8F mucin® Mz NO A Fe] sEHE 7H4s
A e ALZ Hol NO A4 AAEAV givt AL €T ) INOSS] T
v ¥t o} saponin M PSS We HHE A kton, LPS Ay & L@ ol
thHFig. 9C). atA gk LPSe] 98) fE iNOS @A BHL saponin AP S 19SS o) &
To wel HarHeRE AAEE A2 Ve

A

o4

=
Z
)
o)
=~
~J
o
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@
2
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(nghmh -
LPS(ughm) - + o+ 4 L e

Fig. 9. Inhibitory effect of the mucin and saponin from Dioscorea batatas on NO generation
(A-B), western blot for the level of iINOS expression in LPS-stimulated RAW 264.7cells.
The cells for NO and western blot of iINOS were collected at 24 hours after LPS
treatment. In western blot, each well was loaded with 25 pg protein. % relative density
of expressed INOS bands in western blot was calculated by the density using the
software Un-SCAN-IT gel Version 5.1 (Silk Scientific, Inc.).

AelA ~E# 29 F7be INOSSE COX-28 T3S 22 fdxte] z2dgdd Fo sl
NF-kBE &43AA WY ukg3 g% S FEIXie et al, 1994). NF-kB= ps0
subunit family(p50, p52)¢+ p65 subunit family(p65, c-Rel, RelB)e] &% o|F A (homodimer)
E= tF olF A (heterodimen) 2 FAEH, BE FejodA= MEHoA 2 AA (inhibitor)
kB @l A (IkBa, kBB, IkBy, IkBe, Bel3)53 A@str ol nl&EAdst & 42 AMzd
o =A%, T cytokine(TNF-a, IL-1), Ale/8le]ei2 ZA(LPS, dsRNA), Z~EZ X~
(ROI, UV, adriamycin, WAM) S92 thdst x=e] o8 kB @l do] Qlitslso] Zsige
24 f8® NF-kBe oz 507l 33 #F3AS NF-kB ZFFHl 23t A5Hd
A}, anti-apoptosis A 59 HH-E {FE=3TH(Baeuerle and Baltimore, 1996). IkB T
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2 = kB AEAE 48 IKKIKKa, B)7F thekslt zp=of o3 BA13tE o] kB
o] M- ZE7](serine residue)E UA4FSA1713, A4MeE kB @ AL 26S proteasome]

A B}t HARIA NF-kB&= TNEF-q, IL-1B S9proinflammatory cytokine® LPS &
FEF 945 T4 INOS9 COX-2 59 #de Z7/MAA 45 vhg2 7}
z3lgto g 284S F 8T Andrea et al, 2000). @EkA NF-kB A3 d&e] 3470l
o Aol F483F Agg i}

LPSel o3 of7|5= A E RAW264.7 MEF9] TkBa A4kstel] 98k kBao] 7ol of
2 AMEUY A EFS B3 A3 (Fig. 10), LPSE Ad IkBao #=3 J48E f =
3 kBag #FAAZTH Z8u 2 AMZd E959 A kBad HEF Q4SS A A &)
IkBae] ZHAZE oAt T)

2L
fr
uieh
olN
3
i
£
[ ol
2

LPS (1pg/ml) LPS (1pg/ml)
C.saponin C.saponin
(ng/ml) (ng/ml)
_ - o
100
30 4 ]
25 4
C.saponin 0+ C.sapenin
(ng/ml) (ugml) = = 25 ] 100 200
LPS(1pg/ml) LPS(1pg/ml) - + + + + +

(A) (B)

Fig. 10. Effect of extracts from Crude saponin from Dioscorea japonica Thunb on
LPS-induced NF-kB activation. Western blot analysis of IkBa (A)and phospho-IkBa (B)
in cytosol. Cells were pre-treated with C.saponin or 1 hour and then 1 ug/mL of LPS
was treated for 30 min. Cells were harvested and resuspended with lysis buffer. In
SDS-PAGE/Western blot analysis, 50 ng protein was separad with 15% reducing sodium
dodecyl sulfate polvacrylamide gel. Relative ratio in western blot was calculated by the
density using the software Un-SCAN-IT gel Version 5.1 (Silk Scientific, Inc.).

ol vl RE 329 FA% = AT AAY Biav

A F(gastric ulcer)> AL FAlo] g0z JF Aglyo] &4 wrol WASE AEol
AALZZ ols7bA FHE HHE "ole Aoz olHd AAYS AAHez TANET}
=2 2% F shtolth(Lim, 2006). AAYLS & 712 A g dAdst= Aol ofd 2Ed
2 E= wol} gl ¢ T o7 7HA] AAEe] BEFHoz &) ol AYe Iy 4
A Fo il dF L 43 AY, AU, A Y, dFE F5 5 A B
AE of7lsted, 2344 AN AS dzgo Fdrh JFH7F ol ¥le] FH7=E ok (Bayyurt
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et al., 2007, Garrido et al., 2007). T3 HUd2 AEB FF FF 4tdd A3 #FH =3,
Ad, 4t & zasH JHE o4, FE, A&5EA AFgA
1998). §1AIFe] AEE A= A AikAl 2 ff4k By oA

i glon old GEEL Aoz B8 A oFE9 Ly BHF)
T i o]l AA EAZE @At ATtHOh et al., 1996). w}aw Od%LoﬂH-E EtOH-HCI
o &3 FA4 A% FEE dE =

A Folo] dAFQl HE AEHE 51
(Fig.. 11), EtOH-HCIl &3+ 9 2= 9] &4 Y f= AT ¢ A7k 3ete] &4 o]
SHARE Falah ZAtEde] Aoale Fale 1] E4AAE HolA] B3l viH = Alxde 93
2ho] £A-8 AT

0 day 1 day

70% ethanol/0.5NHCly

i}@ :

O\l Nt/

70% ethanol/0.5N HC1
+

Mucin

70% ethanol/0.5N HCI1
+

Saponin

Fig. 11. Protective effect of musin and saponin from Dioscoreae rthizoma against gastric
ulcer induced by 70% ethanol/0.5 N HCIL Mucin and saponin were orally administrated at
1 hour before the treatment of 70% ethanol/0.5 N HCI.

9l 279 287 #F AIHFig. 12), EtOH-HClo Hz+e Ho=o] uf$ Ald i} & =
Yol Qe HuslFe] ZAA At TEE ] dF: o o 9 2F &4 AZsn
Ak 2 A2 AYTe Y A5 T Akl Ao mel 237 &4k mEA IEE
ot 28 2@ A dERA gerz 9 BE 53 24 JERY B Fae R
97 Atk wEtAd 2 AFEUL 43R f5E AAY 2o FEE R FHE B

e

fol ££’L‘



$ Ag7l5 g0l BE % ARAIE BAS T 2N J54 AF 8 257] dgel
gspaAz A9 ol§ 7

70% ethanol/0.5NHCI1

70% ethanol/0.5NHCI1
+

Mucin

70% ethanol/0.5NHCI1 |
oo ¢

Saponin

Fig. 12. Protective effect of musin and saponin from Dioscoreae rhizoma against gastric
ulcer induced by 70% ethanol/0.5 N HCIL Musin and saponin were orally administrated at
1 hour before the treatment of 70% ethanol/0.5 N HCI.
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H

supplement) 2 AFgE1 Q= ol=2FE2HAL HE-Z T A 2 X 25 0| E(B-glycerophosphate),
) AlH| EF<=(dexamethasone) 5°] ZEFAME E3FTo FFHYe] Buw vl g (Karp et
al.,, 2006; Cao et al, 2005; Bielby et al, 2004; Sottile et al., 2003), & AelQl FF A ©H
Z(Bone Morphogenic Protein: BMP), 13|®, 43/23} AR (growth/differentiation factor:
GDF) 5% ¥gst= HdE A7 A et (Transforming Growth actor-beta (TGF-beta)
subfamily)”} ZZ2# 9] FAF fFAdd 83 T2 st= A2 A A, 53] BMP2
EE BMP4 & #jFuiAlo] Frlste wigdE A 2EAER E34E7F F7HEHe] By
LAY A=

g |

T -

I AR 3 Viee FEE T A HAEAERA FHE AR 2SAE E3
717 olsfet EIfFrETIeo] obHE md FFELR, olF FHIY] AT AHAE B3I
ol Bt AR B ZAETHE olsfiste Aol Fastt. T3 0|59 BAHS I =
25 I=ste £33 E Tlsdd &5t Aol vl Fasitty & 5 vk ol A+ v A
gtol], & A= mho 754 LA JiEgs o R mte] F2 AE<Q diosgenin B BF F
59 A 1 9 FEuEF Vs AT FF AASEY g AokES JNEst
oA st
2. ATHHE
7h A L orke] F48 29 diosgenin® & A4 X 7 2 dEUFF Ul G AT

() A8 A=

o2 2F A EQ MC3T3-El AEE 1X10" cel/mLEERZ HEs}AA], 10% $Ho} &
(u]=+, Gibco), ImM¢] I FBAF VY EF(u]=, Sigma), 100 unit/L HAUAEH 2 100mg/L 2EF
Ertolal(Gibco)ol H7HE a-H4 B wjX|(Pl=, Gibco, a-MEM)E X3l 544 4%
wjoF wj x|l A 37°C, 5% CO. Ao =2 ujoFstsdth

(2) A8 A
AE7E 80% A2 FE3] AsES u, MEE g B3 #Xd 3mM JQAWEF(F T,
Sigma) @ 50ug/mL o}=FZE2 B 4K\ = Sigma)o] 7 E3}efR oA vf 43 Th. Diosgenin

S DMSO 2 o&2o] = 0-10 uM] =2 A X HI3FoH, mAE o 7tzo=
W335} Diosgenin®] A H A e E3F| Ao A wjdd ME= ZIFIHOSM)e iz
o7 AL83FAT).

T
g

(3) AW
Oh MEZF4 FH- MTT assay

MTT assay(Mosmann, 1983)= 4ol AlZAA S HME Z4o} AE EAL ZAHstE
H AlSE = WHo g Ay oz &Ao] 9le M XS mitochondriadl 93l tetrazolium salt”}
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FAEE QT E ol&sle AHolth FYH tetrazolium salt= o] v EL49 formazan
saltZ ™, §7]&u 93] &€ formazan® %S FHsHA ®rh 96-well plateoll ZZ Al
Z(MC3T3-El cel)E 1x10" cells/mL2 2F351 10% $Elol Aol FFE o-MEM #l &
200 plE Yol BY ZANA vttt 24 Ml Eol Diosgenin == nf
gate] wiFE F, MTT assayE® A BsIATH ZF welll Al gl
MTT(3-[4,5-dimethylthiazol- 2-y1] - 2,5-diphenyltetrazolium bromide) &% (5mg/mL)E A7}
& F 4N EQL WA WS A ASE 200 plel dimethyl sulfoxide (DMSO)E #7F
ste] P4 formazan 28L& &30 ¥ ELISA reader2 3¢ 570 nmolA FH=E =435}

k.

olo o

(b)) M EvjSFN Collagen type I 5% =7

ZF M Z(MC3T3-E1 cel)E 1x10" cel/mLE 10cr disholl £33t 3¢ < £33 56 A
g u#sto] wikativh. 3€Rith WA WS shH, AIZEE A ik 12,000rpmell A 10
E7F QART & FE5dE Bol ALEsH7] AR -80 CToll A5, Collagen standards=
Collagen type 12 AFE3IT, 07400ug/mLe] WLl2 Fv]stth AlxZujkd s Collagen type 1
standards (07400ug/mL)E 96-well plateol 50u12 Z+Z; welloll €2 3 37CAA 16A17F &2
incubation & dry ovenoll 60ColA 24417t &<t incubationd} . Incubation o 200 ul
DDH, OZ o]£3}a 33 washingd} T Saturated picric acidoll Sirius Red F3BA 0.1% %] Al
oF5o] 100uLE 2+ welldl €12, 37C incubatoroll Al 1A]7F B¢t incubationdtE ot 10mM HCI
solutiong Z+ wellell 200uL ¥ o] 53] washingdt ™. ZF wellel 0.IN NaOH 200uLE 587+
incubation & new plate®] 71 &, ELISA reader® 540nmoll A =43t}

(th AlxL71d & ¥4 ukA Collagen type T 21

Van Gieson’s Stain -2 AFE3te] ZZAHEQ] Collagen type I T4 AE=S G439
24-well platedl]l ZF M Z(MC3T3-El cel)E 1x10° cells/mLE seedingd+ F, vj X
PBSE 3SHH A A3 F 29% formaldehyde (in PBS)E 4ToA 10 £3F ZAHAIZ
T W AHSATE Van Gesison's stain £8-2 500uLE 2} wello] ¥ 58 B¢ 4T
2 %, DDH, O 2¥ A3 & nonspecific stain ® RS AAF} 7] 95 PBSE 2~3H 3l
o] 3 Fwo| mt232] A PBS 200uLE ¥ F, AUIAHCSE nodule BEE BESIAUTH

(2}) alkaline phosphatase &4 &4 &34

Z3} wgE MC3T3-El cell® 1x10" cell/mLZ ZA3tod 10cr dishol]l B335l 38 ZQF
B3 A S wgsle] wjoksidt. 39nith viR] wg A|71H, A|ZHE ALP 4S5 SA3}

A} 0.029% Triton X-100/0.9% NaCl €42 1mL% A7}l 30%7F sonication 3+ H, 12000
mmol A 587 QARE T ASAL ImL e-tubed] E&T} Lysis ® celle] A5 = 50ulL
T auld FFe AMEEa, ¢ A5d F 150uLe ALP SAl AMESSTh 45 1500l
o 1M Tris-HCl 500uL$} 5mM  MgCls  100uL®}  Lysis  buffer 150ulL9}  5mM
p-nitrophenolphospate(p—-NPP)E 713t & 37 TolA 30 E7F ¥-gA 7tk w8 & 1 N
NaOH 250uL2 ¥h-&-& FAI8kaL, 405 nmol A FZ=E S5 ALP activity= p-NPPZE
HH AdE p-nitrophenol (PNP)E &783t p-NPol tig EFa=2& 23 & BH=ES
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E&5l, @ AL povine serum albumin & EFEZE ARG Brad-ford (Bio-Rad
Laboratories, Inc, USA)Ho 2 ATt SHE ALP activityE @ dHFo 2 5o ©e
A% F §4EAHE (U activity/mg protein)E 2HE3H

ALP &4 Ao oM A= =H3517] 3] 6-well plateo] ZF A Z(MC3T3-E1 cell)
1x10° cellymLE Aty #E2EL FFF=E2 JAHY 3 F ARAT e a434
Z43H . 942 alkaline phosphatase(AP) kit (Sigma Chemical Co, USA)E AF&-3}4
Atk HA viAE A AL 2% formaldehyde (in PBS)S F7bslel oF 3027F Ao H
Wt 4H5x7 EFSFE washingdstdth. £H]E® diazonium  solution (sodium nitrite:
FRV-alakline: naphthol AS-BI alkaline solution = 1:1:1)& 37}ate] oF 15 B37F Ao Wt
23§ 28 542 AAHSL hematoxyline solution® 2 287F thA] |43+ 5 DDH, O
2 FdHAS AAS v dArnFoz FASATH

to i

A o mfu

(B} Alizarin—red stain®ll 213+ AlEZ 2] 712 F 7123} (bone nodule) &4
6-well plated] ZZAZZS 1x10" cel/mLE A3 5, wjAS Atz PBSE 3 A|H3
9, 2% formaldehyde (in PBS)E 4TColA 1A B AT Alizarin Red Solution

0.5% ammonium hydroxide (Sigma Chem. Co., St. Louis, USA)E pHE 428 WE &
m syringe filter2 A#3Hth o] Evl F4|3 AR solution® 2 shaker $1olA &
2 1087 d48tdth g 23 H DDH., O2 29 AT FH d4o] x| ¥ 7
PBSZ 2W washingsl® ®o] ml=2x] g7l PBS 500uLE 93 dAv|Hd S 2 nodule A
st

(AP Von Kossa stainol] €18t AlZ2]71d 7|43} (bone nodule) &4

ALP 449837 US| 6-well plated] ZZHEZ(MC3T3-EL cel)E 1x10* cells/mLE g
3k 5, w A= AASI PBSE S A3 T 2% formaldehyde (in PBS)Z 4TollA 1087t
TAZAZ Z PBSE 3HH AlH¥stHTE. 2 H, silver nitrate, 99% titration (Sigma Chem. Co.,
St. Louis, USA)& DDH, O 100mLe®l 3g silver nitrate® silver nitrate solutione %HET} 9]
o, solutiong ZAHo] YA HASHT PBSE AlA3F welloll silver nitrate solutiond zHzt
3mL¥ ¥ & Aol yehd w7tA] Adel =&AZ1 ¥, DDH, O 28 Ald %
non-specific stain® RS A AS7] 918 PBSE 2~3H sFo] F1 T Ho] =X A PBS
500 S B ¥ AUHLE nodule FEE BRI

(o}) Western blot &4

23" ZZAEMC3T3-E1 celD)Z2FHH total lysate (0.1% Triton, 0.125 M KPO4/ImM
EDTA, 10% Glycerol, 1 mM aprotinin, 0.1IM PMSF, 0.1 M DTDE A7}t 30x7+
sonication ¥ F, 12,000rpmolA 15837 F4EE T AFHAES ImL e-tubeol E-2T} Cell
lysate®] @& FE = bovine serum albuming EFEZZ AlE3le] Brad-ford (Bio-Rad

Laboratories, Inc, USA)H-S Al83te] SA3AT. Cell lysate (50uL or 100uL) 10~20 9%

_86_



sodium dodecyl sulfate polyacrylamide gel(SDS-PAGE)dA] A 719 %L A st¥ct o 73

oA EzlE wul AL o]83lY coomassie brilliant R-250 G4&do 7 JMAIZl F oA
EX JAS 3 & T @l E-S polvinylidene difluoride membrane (Millipore, Bedford,
MA, USA)E ©¢]&3ste] H7]Hoz o]FAIZIth Membrane2 5% Skim milk-PBST (0.1%
Tween 20)oll4] 1A]7F blockingdta, ¥ =F&A] (monoclonal rabbit anti-human antibody, Santa
Cruz Biotech. Inc., Santa Cruz, CA, USA)E 1:200v) 2 3]Aste] wwubstHA] vjkst 3o
goat anti—rabbit horseradish peroxidase(1:2,000, Santa Cruz Biotech. Inc., Santa Cruz, CA,
USA)e] olxaAlz 1417 #j%d3tgtt. PVDF membraned] e F IA4 w@Hzds
Supersignal West pico chemiluminescence(Pierce Biotech. Inc., Rockford, IL, USA)Z 7 &3}
o Chemi Doc(Rio-Rad, USA)& &3] ©@¥d W=g AU et ATFAZANA AAlS)H
= EE EAEY wuld drdo s E Zo] A5t

=h FAEA

ZF AEe H4 33 vE FASHUTHAY @ n=3). EE AEE HT + TFLA (mean +
SEM) & EAHT. A4 8F BAL SPSS software package(ver. 12.0 SPSS Inc., Chicago,
IL, USA)E o]43}e] ANOVAZ EAslH, EAFY foio] YA, post-hoc analysis® &
Attt 24 AP T EY HE T fFIHE P <005 FEAA AFSATh

=

. AT I R 222 B 2 ¥4 24 2 ¢IUF

olN
olr

A

7]

b
olN

3 =

= i
nho] My BRI HARES T0% ethanoldll A 484 7HE b T, FEAT 75t
Aojuitt, FZAL ThA] vacuum evaporator®2 EF=AZl & hexane, chloroform, etylacetate,

buthanol, waterell ZtZ} 2 E35to] A=

rok

#%

Yam roots & bark

l (extractw/ 70% MeOH in water for 48 hrs)

Supernatant

l (Filtered and concentrat'd in rotary vacuum evaporator)

| 70% MeOH extract |

l (Furtherfractionation)

Hexane ||Chloroform Ethylacetate Butanol Water Ethanol
(Hex) (Chl) (EtoAc) (BtOH) (EtOH)
(2) 4% A7
op9-2 ZFAESQ MC3T3-El AIEE 1X10* cel/mLsE2 BEFstdA, 10% $elo} 3

(7=, Gibco), ImM®] T FHA YEF (1], Sigma), 10 unit/L HUA™YH 2 10 mg/L 2EF]
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Ertobil(Gibco)ol H7HE a-FH& = wiA(FI=, Gibco, a-MEM)E EFsh= 44 4%
Hj & w Ao A 37C, 5% CO, 22 wlgstth. AlZ7F 80% HE2 FE3] Asks uf, Al
ZE 2F &3 ¥iAYd 3mM JIAIEF(HE, Sigma) ¥ 50pg/mlL ofAF E2H AR
Sigma)e] H7t® EapeAolA wjFsidTt /718 E o] &3 2z ml FE2ES

AZe Agstgen, Bixe olE AR westrh vt FEFEo] AEHA Fe
ANA vjFE AlEE FIHOSM)E T2 AREEHTh

3. A2

]
Au)
of
olN
N
olr
dot
ro

7. A7 1omle] F8 AEQ diosgening = 4 =3 75 9 &

ZZAE MC3T3-El cells& Diosgenin 0-10iM =2 1¢€ 2 3L (ZZAHE 27]
proliferation period) % 6&(ZZAE 714 A& 7 ]Z_}, matrix maturation period) &<F Hj %
AES MTT assay2 FF5I9 1, 3, 6¢ 717 522 F4 AFoA Diosgenine £31A1Z]1 vehicle
(DMSO)9] 93k Qe (Fig. 1A), ©] 713F &<t Diosgenine 0.01-5uM F-7rollA  AA Z2ZAXE

vjoFH (normal osgeogenic medium, OSM)oIA] BjQF3t TFo] H|E| ZIAE F4& FE=39
(P<0.05). T3E o]213 Diosgenin®] AE 54 £ HES AZEES driste AX @9d 5= =
34 27 54 2 2714

HAME 22 Fdoz HYthFig. 1B). wekA vt FEE Diosgenine & 2}

As 71 e FH001-50M)AA ZEAE] F48 FVHA7IE Ze® sAEthEig. 1A &

1B).

Diosgenine vh-$-2~ ZF A X (mouse osteoblastic MC3T3-E1 cells)oll A A E <] 7] 2 €]
=)

ol Al collagen type 1] AZEW T4, AlEL7|dze Eu]l 2 Alxe7]dofe HF
A ZItk. Collagen type 1 AlXZ971de] Fo willdzx Fx2A Hs 9 Zgdts 3
7= 9

AsHA A E T3 (1-<5uMDell A ZF M EQ collagen type 18] AlXY TS SHAHL
(Fig. 2A), B8 Aoz Alxoze] 28E A HA S7H AT Fig. 2B). E3+ o]
v ® collagen type 19] ME972d AFAE =714 7L #FA3t90HFig. 20).

8
7t
Al
& 3t} Diosgenine 919 AP AT} 1AMAHHE ZZFAHETY F4S =3 47 o
L2
=
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Fig. 1. Diosgenin effect on osteoblast proliferation (A) and protein synthesis (B) in
MC3T3-E1 cells. Diosgenin was dissolved in DMSO (0.14 M) as vehicle and treated to
the cells. (A) Cell proliferation was measured using AlamaBlue® kit+ (Invitrogen) or
MTS assay (Promega). No vehicle cytotoxicity was observed, compared to normal
osteogenic differentiation media (OSM). Diosgenin stimulated osteoblast proliferation up to
6 days within the range of 0.01-5 mM. Mean SEM (n=6), abc: analyzed by one-way
ANOVA, followed by Tukey test for mean comparison. As compared to vehicle, *
P<0.05, **P<0.01, and ***<0.001. (B) Cellular protein synthesis, measured by BCA assay
(Promega), also showed the same pattern of cellular proliferation at day 5 with
significance and the same trend at day 10. Mean SEM (n=4), abc: Tukey test, one-way
ANOVA, P<0.05.
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Fig. 2. Cellular (A) and medium (B) collagen quantification and cell matrix
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staining (C) by diosgenin treatment. Cells were treated with varying levels of diosgenin
and DMSO as vehicle for 1, 5 and 15 days. (A) & (B): Cellular and medium collagen
level were measured by colorimetric method using Picro—Sirius Red. Collagen synthesis
was normalized with protein concentration. Means having different superscripts indicate
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significant difference between diosgenin treatments at p<0.05 by ANOVA followed by
Tukey’'s post hoc test (n=8, meang).(OSM=osteogenic medium, vehicle=DMSO). (C) The
effect of diosgenin on the formation of collagen scaffold for mineralization was assessed
by staining and presented as the image of the phase contrast microscopic morphology
(upper images) and the cellular layer on each culture dish (lower images). Matrix
collagen shown as red stain intensity was stimulated by diosgenin treatment in a dose-
and time—dependant manner and it was more prominent on day 5 and 15. Representative
image of four wells.

ALP= ZEAHE &3 P 2] FAFO AE ¥oz Eu|EH, HEe 7] (extracellular
matrix)ol A §7159 A& 4z A fErTle E4AE AFHYA ALY AR SHA th
ALP 7 2 4 &g =0 st 2IAEx 237t Z HH, 7149 A5 3Hmatrix maturation)
2 2718 3Kmineralization)ol] thdh 27o] Foly oz M E F AL FFse Aoz Ak
ALP Bas ZEATA FA o AX = &EHEo] 2229 Axer|EdA ke Edfste &
2A =T ¥4 279 Fa3 T g4 Fo A=z HrlEoh Diosgening A|EZ4]9) tgk &yt
AHA AFE FAHA-<uM)A A AZU ALPS] 4S8 F7HAFH M (Fig. 3A), 3 ZZH X9 9]
71Aze] Bl Zae] @4 94 S HYeH (Fig. 3B), =3 F7]4 matrixol A2l ALP E484
Z 7M1 A (Fig. 3C).
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Diosgenin (M)

OsSM vehicle 1 3 5 10

Fig. 3. Cellular (A) and medium (B) ALP activity and cell matrix ALP activity staining
%C) by diosgenin treatment. Cells at confluence were treated with varying levels of
diosgenin and DMSO as vehicle for 1, 5 and 15 days. (A) & (B) Cellular and medium
ALP were measured by colorimetric method using PNPP as substrate. ALP activity was
normalized with cellular protein concentration. Means having different superscripts
indicate significant difference between diosgenin treatments at p<0.05 by ANOVA
followed by Tukey's post hoc test. (n=8, mean 8).(OSM=osteogenic medium,
vehicle=DMSO). (C) The effect of diosgenin on extracellular matrix ALP activity was
measured by staining the products of enzyme activity and presented as the image of the
phase contrast microscopic morphology (upper 1mages) and the cellular layer on each
culture dish (lower images). The cells were cultured in 6-well plates and incubated in
AS-MX phosphate solution as substrate with Fast Red salt as stain. Matrix ALP
activity shown as red stain intensity was stimulated by diosgenin treatment in a time-
and dose—dependant manner and was more prominent on day 5 and 15.

F A9 F8 F A ARREE 2ZA|E] B3] WE A E|EAe T Sol whlde A 2 B
], 281 F7)8elAe dgslelth Diosgenin® Z7|129 Z#3E A

& A7} diosgening ZZHENA ABE T+ (0.01- <3uM)elA

Z AF3E F7HAASHFig. 4A). Fig. A £L AL Alizarin red ¢

Aeko] F7|Ad H2E Ca
o] AS Yehd Aotk k3 Fr|dd = Zed vlEH A Po] AFste b, ol#d P 543 4
Ho| Fig. 4BZA] silver nitrate @4 Fo] P2} 233 F7o] HL Moz Y 9o ol & 4w
3= FA% Zloz A H. o238 diosgeninoll 93 71 Cadle A7l vlEsiME Uelstth
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Diosgenin (M)

Fig. 4. Alizarin red (A) and von Kossa (B) staining for Ca deposits (bone nodule) by
diosgenin treatment in MC3T3-El cells. Extra cellular matrix Ca deposits for matrix
mineralization was measured using Alizarin red S dye which binds with Ca and silver
nitrate dye which binds with P in cell layer matrix. Diosgenin treatment in low
concentration (0.01-1uM) increased mineralization as compared to control groups in 25

day culture.

Diosgenin®] Z7]29] FQ @Al collagen type 184 ALPS MXY wild 948 F71A7)=
Ao ek AL YTt AEF2A 2 collagen type I 2 ALPS] 5% % A AdZAvel dH
(Fig. 2-3), diosgenine AF= FIH0.01-3uM)ollA OSM %+ vehicle (DMSO)gF = 2] 8k —E—Oﬂ |5
ohild wdo] Z71E 1thFig. 5A). 3 Diosgenin® & £0]3 A1 Runx2e] vl wde
0.01-0.1uM T3l A controll OSM A Xl HI3|A] F71E e, o] 3§ Runx29] diosgeninol <]
7 3y e Runx2dl| o8] 2d& Wi Qe Z2IZAE #FAQ osteopontin T A E 22
Fde& YeEhT (Fig. 5B). Runx2 2 osteopontin®] ©¥d ¥d-2 immunoprecipitatione 3 o
Western immunoblottingS A3} o},
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Fig. 5. Effect of diosgenin on bone matrix proteins, bone-specific transcription factor Runx?2
and osteopontin. (A) The protein expressions of bone matrix and also early osteoblast
differentiation marker proteins, collagen type I and ALP, were analysed by western blot
analysis at 3 and 10 days dlosgemn treatment (0-5 mM) Diosgenin increased the protein
expression of collagen type I and ALP within the low range of diosgenin (0.01-1 mM).
B) Runx2 and osteopontin were immunoprecipitated and their expressions were
subsequently analyzed by western blot analysis at 10d diosgenin treatment.
Representative image of two replicates with repeating twice for both immunoblotting and
immunoprecipitated blotting.

FE1-TmM FF)d
AEe 7|dZ2e] &

shtE I A iosgenind A
2] mlAR alkaline phosphatse?] AW A,

a4 FAHE TN, =3 Z27)1d 24 @Al collagen type T
of MEU T4, MEQ7IE=2e 2y, AZL7E JAZRE FTMASZA ZIFAEX 23
2 714 EodEsE 5% 7 34 &3 ¢ gEUFF Ul vt & & Qo

U A7 I v 259 F 34 &3 715 &9 dF

F718uE o] &3 1l FE2E T AdF BY AHESS F ¥4 715e FHSET
32 B dFddA 47 g2 §ulE ALl FE3 kst vl $ZF (ethanol, hexane, chloroform,
ethyl acetate, butanol, water )% o|§3ste] o &uje] FEFEC] JME 2EIM R FHEEL TTHIII=

Al et Ad-e stgnk o] A= 242 vk Bl (yam roots) FEEF vl E7](yam barks)E ©]&
3l 99] fr|emz FE3 AFE e, ole vl B AR fEo] £V HE FEET ZIA
2ol Z A 750l A=EAZE Fstr] fldiAelth vt ey 2 F7] AR FEY

SEE
200, 400ppm FEAA e 2 £7] FEFER 7HA UE §HFEEe] 2EAE TS 4 Hlud
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HotHFig. 6- 8). Autdgo g FZE9 F% 7] & =AU AE ZTIAE F2452 Lot vy
o HlslA ZAY 248HA Aslele Aoz YT 100 B 200ppm FFAAE By 2 E7] AR
Eold @y

BFo)A ethanol®} hexane FEEC] T4 HMEF4HFES S7MAHT 400ppm ol A
S YERA et} 400ppmoll A= ethyl acetate”’} dle]F ez FI7HE &

A. 100 ppm
Rootextracts Bark extracts
120 120+
a a
£ 100 bc bed ab be s 100 be bed ab be
E d cd E d ed
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1d 3 3
E B0 o 804
U Y B o eI I
OSM EtOH Hex CHCI, EtoAcBuOH H.O OSM EtOH Hex CHCI, EtoAc BUOH H.O
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5 1004 g 100 4
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o 80 o 804
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Fig. 6. Cell proliferation of osteoblastic MC3T3-Elcells treated with various yam extracts
(100 ppm) at 1 and 5d. Cell proliferation was measured by MTT assay. Osteoblastic
MC3T3-E1l cells were cultured in a-MEM until confluence. At confluence, cells were
treated with 100 ppm of different yam extracts for 1 and 5 d. Proliferation is presented
as % of proliferation in normal osteogenic medium (OSM). The effect of the different
extracts was analyzed by one-way ANOVA at p<0.05 followed by Tukey as posthoc
test. Means having different superscripts indicated significant results among treatments.

Root extracts Bark extracts
1:_ Be  bed it b gm o e ¢ 5 e
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}. i
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3 3

Fig. 7. Cell proliferation of osteoblastic MC3T3-Elcells treated with various yam extracts
(200 ppm) at 1 and 5d. Same as in Fig. 6.
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Fig. 8. Cell proliferation of osteoblastic MC3T3-Elcells treated with various yam extracts
(300 ppm) at 1 and 5d. Same as in Fig. 6.

ZEAE MC3T3-El cellse o&&3 & F&55 0-30mg/L == 6, 13, 15, 399 =<t Hj

A5t AE FAES MTT assayZ SHIIITE vl & FE2ES AT 54 AFAA
6, 134 717t &<toll mlE FE3WH vehicle (olgH2)9 FTTFL gilow, 15¢d = ZFA Eu)
okoll (normal osgeogenic medium, OSM)O A Bl ka &0 v]3 Pgkoirl I o]3 ¢l 3924
e ] AE F4L =9 HFig. 9A). 15¥8¢E 1l d8e F&E 15-30mg/L T3l A
A ZEAZMGEAANA v e aFd vlE ZEAEY] FAE FESHATHP < 0.05). R,
o B FEE2 AA 717 B vehicle(E)9 932 flNCeH(Fig. 9B), 134 7l & F&E5
15-30mg/L T3l A ZEAE] F4& FEtAh £33 o83t vl ey E FEEL2 A
X oid w5 SHA 22 Sz BAtk(Fig. 9B). wEtA B dEed B FEEL 1
FE 7 (15-30mg/L)l A Z2EMEY FAE F7HA7Ie Aoz 4= tk(Fig. 9A, 9B).

_96_



&d aso

= _—
3 o0 =
== 2 300 abc
£ 250 = bc
= 58 250
£ 200 E i
= 150 g =
g 100 S 100
E'.,' Lo %’ s0
o = e
SM vehicle 1 10 15 OSM vehicle 1
Yam EtOH extract (mg/L} Yam EtOH extract (mg/L}
£ as0 15d = 380 39d
S aga - 2 s00
= a -
3= 280 = b 0 3D i
£ zoo = o E =200
E 10 _E 150
= T 100
g o g p
= S0 =
g7 S .
OEM vehicle 1 E] 5 #0 18 30 OSM vehicle 1 3 & 0 15 30
Wam EtOH extract (mg/L) Yam EtOH extract (mgiL)
B 250
= Gd = asc 13d
o 300 o
(=1 S 300
£ 250 = 250
E &= ab ab
% 200 = 200 ’
= 150 =
= g e
& 1 S 1o
= =
E = | | L gy
o = e
OSM wenicle 1 .,...,,,.m,, 1
Yam H O extract (mgiL) Tam H O emcumgfl.:l
= 150 15d & sea 39d
. 8
E 3o 3 300
= 280 f_ z50
5 200 5 =200
;‘3 150 g 10
B o g 100
E 50 :ﬂ 50
o o
SM vehicke 1 OSM vehicle 1
Fam H, O Extract :rngll.p Yam H, 0 extract imgrLJ
600
-
=]
2 500f
£ I
.E 400 | T
o
w= 300}
= T
€
s 200f
g
m 100
0
osM EtOH H,0

Yam extract (100 mg/L)

Fig. 9. Yam ethanol and water extract effect on osteoblast proliferation (A), (B) and
protein synthesis in MC3T3-El cells (C). (A), (B) Cell proliferation was measured by
MTT assay. Osteoblastic MC3T3-E1 cells were cultured in a-MEM until confluence. At
confluence, cells were treated with varying concentrations (0-30 mg/L) of different yam
ethanol and water extracts for 6, 13, 15d and 39d. Proliferation is presented as % of
proliferation in normal osteogenic medium (OSM). The effect of the different extracts
was analyzed by one-way ANOVA at p<0.05 followed by Tukey as post hoc test.
Means having different superscripts indicated significant among treatments. (C)
Osteoblastic MC3T3-E1 cells were cultured in a-MEM until confluence. At confluence,
the cells were treated with yam ethanol and water extracts (100 mg/L). Cells were
harvested on 6th day. Protein concentration was measured by BCA protein assay. NS
(non-significant, n=3)
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Collagen type 12 A E7]d2] Fo SidI A TxHe] Ha g Aasts 347
&S 3ot ml dEeT B F2ES 747 1F%E (15-30mg/L) FHlA Al ZE 7]

=2 S7MAHHFig. 10A). E3F olg A Eu]H collagen type 19 AE271d HFE Al7to] XA
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Fig. 10. (A) Medium collagen quantification and (B) cell matrix collagen staining by yam
ethanol and water extracts. (A) Cells at confluence were treated with varying
concentrations (0-30 mg/L) of different yam ethanol and water extracts for 39days.
Medium Collagen level were measured by colorimetric method using Picro—Sirius Red.
Collagen synthesis was normalized with protein concentration. Means having different
superscripts indicate significant difference yam extracts at p<0.05 by ANOVA followed
by Tukey's post hoc test. (B) The effect of yam ethanol and water extract on the
formation of collagen scaffold for mineralization was assessed by staining and presented
as the cellular layer on each culture dish (upper images) and the image of the phase
contrast microscopic morphology (lower images). Matrix collagen shown as red stain
intensity was stimulated by yam ethanol and water extract in a dose- and time-
dependant manner and it was more prominent on day 6 and 15.
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Fig. 11. (A) Medium ALP activity and (B) cell matrix ALP activity staining by yam
ethanol extract. (A) Cells at confluence were treated with varying concentrations (0-30
mg/L) of different yam ethanol and water extracts for 39days. Medium ALP activity was
measured by colorimetric method using PNPP as substrate and normalized with protein
concentrations. Means having different superscripts indicate significant difference between
yam extracts at p<0.05 by ANOVA followed by Tukey’s post hoc test. (B) The effect of
vam ethanol and water extract on extracellular matrix ALP activity was measured by
staining the products of enzyme activity and presented as the cellular layer on each
culture dish (upper images) and the image of the phase contrast microscopic morphology
(lower images).
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Fig. 12. Alizarin red (A) and von Kossa (B) staining for Ca deposits (bone nodule) by yam
ethanol and water extracts in MC3T3-E1 cells. Extra cellular matrix Ca deposits for matrix

mineralization was measured using Alizarin red S dye which binds with Ca and silver
nitrate dye which binds with P in cell layer matrix.
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Fig. 13. Effects of various extracts from Chinese yvam root on collagen type 1 expression.
The expression was analyzed by western blot analysis 6 days after treatments (100
mg/L). Equal protein loading was confirmed by GADPH expression.
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IXEs

= 1 = = i = i
= is - 25 5 7RIS S5 2l A

= K E X} CHRE] 23| (fractionation)

= HPLC / dialysis
» 2D-PAGE

*» LC-MS/MS
» MALDI-TOF

* LC-MS/MS
« MALDI-TOF

U A3 AE

(1) = £9F FH

2 AT AFEE mlE AFd fEEE ©RE FYst AES ") YA TR ZolE
5 FFF 200mLE ¥al, ThA WM HdolFdtt. 2 AZE 1AHE ntES A
1L dailysis bag(MWCO 3500)° €1l dailysis bage 2L9 3% ZHF47F @70 v]F o] o}
4T chamberol Al 48417t 8-Z3} Yt} dialysis bage A A3t H AEA HEPo| =
£ 353tr] S8 s 2 AZRE St

X
o
ofo
e
it}

(2) AEA SFA 2
A& BoH) B =S 95 2 RP-CI18 column= E35le] HPLCE ©]
3t elution timeoll wel &3 6 EEor BIYES 47 52 AFF LC-MSE

Q=
O
A5 XgEoR AER EAS EA5T
RE R
(1) Tricine SDS Gel electrophoresis
3k np AHER HElo|=E AlEFo AT S Azl f8] lmg/ml, 2.5mg/mlL,

10mg/mL 20mg/mLe] FX9 1l FEFEE 20% Tricine SDS Ge 9l loading 3l A719%
3l & Coomasie brilliant blue R staining ¥ silver staining WH o2 G243k & B M35t9 )
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(2) A Zufek

B oo AMgE HEKO0l AMEF= v AEFL8(American Type Culture Collection
[ATCCI, USA)olA Fhst¥E. AlX = Keratinocyte-Serum Free Medium (Keratinocyte—
SFM) (Gibco BRL, USA)°l 1% antibiotics—antimycotic (Gibco BRL, USA)¢} 0.04ug/uL %=
¢] EGF(Epidermal Growth Factor, Gibco BRL, USA)S 100ul(HZ% % 8pg/uL) 2ol vjkst
At 90 mm HIFHAIA 1 X 107 cellS seedings}g L, vl kz AL 37°C, 5% CO. M Eu)F7
A A wjeFstAth HlFste B olEd 3 WY wiAE wEHE FAL wFHA T0%F =
Agg W w FEFES 100, 250 1000 ppme]l HEEF A|ste] Z+ 12417k 48A17F o
TRIZOI(InVitrogen USA) ImLe 93 AlZFE 35359

ES AAA B2 FAstr] Ag APl AFES SNU 484 AlZFE = AxzF23h2

25H 45} A}%o}ﬁgt#, RPMI-164080 21l 10%  FBS(GIBCO, USA)$F 1%
antibiotics—antimycotic (GIBCO, USA)S FH7}std 5% CO.7F A5t 37C incubatoroll A 2
~3de & WA A wjFstEA] APl ARSI

(3) Cell viability test (MTT assay)

HEKO01 Al m} 584 =4=E 457 95t HEK0L AEZE ez MTT
assayS A9 0.04ng/nL F=2 EGF(Epidermal Growth Factor, Gibco BRL, USA) ¥}
196 antibiotics—antimycotic (Gibco BRL, USA)7} E9¢{7F Keratinocyte-SFM(Gibco BRL,
USA) 5 X 10° cellS 96 well plate®] seedingdlti v} FZ2E2S 77 HZXE7F 100ppm,
250ppm, 1000ppme] FHEZ T3 & 24A17F B<F 37T, 5% CO, wijE7|o Al vl 24
AIZE & et HiAE HEZ 3 oL 2 HiA= i’_ﬁ‘rOH—,—_l_ 5 mg/mL MTT(Sigma,
USA) solution 10uL/well2 FH7}8te] 3A17F F<QF wjoFst & DMSO(Sigma, USA) 150uLE 3
7}stal 96 well plate reader(infinite M200, Austria)oll 302 shaking incubationdte] MTTE
=2 H 570nmellA FFHEE SHSATE Axol e =42 Az gz Hd FF=
el sk WEg2 Ve AT

(4) Total RNA preparation ¢ cDNA %A

ko FEEo] AHIdE wigFHAlY wiAE AASL DPBS (WelGENE, Korea) 4mLE
washing 3 % TRIzol reagent(Invitrogen™, USA) ImLE 2ol& F scrapsty] 15mL
polypropylene tubedll o} 58 &< A2 T o|F 0.2mLe Chloroform(Sigma, USA)
& 93 16%7 € thedd ARddA] 3EZ viYgsE thE 1omL FEE &AHA] 2~87T,
12000xgoll A 1087 44Ed sl A5dLS A 156mL FEZ &3 F 05mLe Isopropyl
alcohol(Sigma, USA)E FH71sle] AedA 1027 wjeksich o3 2~8T, 12000xgoll A 10%
7 9483t RNA pelletE 433 W2 1mLe -20C9 75% ol&L2

Fl

\1
Hu:
ol

o AEdE =
Bl 2~8C, 7500 x gol A 53 AAdZE A FSAE M FH dopgle %%
EF AAHNEE Hdzdrt. RNase-free water 50uLE 23l pipetingdte] pellets 60ColA 1
2 = 80°Col Hastget.

5

=
, 2 Ao AFRE cDNAE Superscript III RT kit(Invitrogen™, USA)E ¢35}
7o Wk cDNAE A5 2 AL ks QokstE ZF MEZ 9] total RNAS A
3to] 3ug/8uL7b HEE 02mL FEO 7z €ol& g2 AlFE 50uM oligo dT 1uLe} 10mM
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ANTP mix 1uLE 93 & 4o 65TolA 58 wddt the iced 187 T 0.2mL FH
el AlekEE F7HHe2 Yol AT whe ¥3E 20uLeR Ztof FIvh IX RT buffer,
5mM MgCls, 0.01M DTT, RNaseOUT™ 40 unit, SuperScript III RTase 200 unit® 23 5

o
0Tl A 50T dHSAI AT vhg2 FZAIFI7] 918k 85T olA 587 wkstn 183 429
ol Tt 1uLe RNase HE Z+zb 231 37Co A 2087 w7l e -20ColA] BE&s}H

k.

(5) Quantitative RT-PCR

A8 cDNAE 25ng/uLE 3 Aste] 2uLA ALE3t9 ™ Forward & Reverse primerE 2zt
7} 050 A AME8 A, Ex Taq(TaKaRa'™, Japan) 0.3uL$t #&¥ 10X buffer 3uL, 2.5mM
dNTP Mix 4uLE 23 9.7uL9] Cell/Tissue Culture Grade Water (WelGENE, Korea)E 4
FZF ¥k B3 E 20uLE 2o Fo PCR O ¥HS#AL 94T: 15sec, annealing 2 %: =@}
mlo] FRol wel 4, 72 ; 30secE F 24 cycleZ FH3lo FAFRATH

Table 1. Oligonucleotide primers used for qRT-PCR for detecting anti—aging effects of yam
extract.

Gene F Primer R Primer
HIF1A CGGACAGCCTCACCAAACA TTGCCCCAGCAGTCTACATG
E2F1 CCCATCCCAGGAGGTCACTT TGCCCATCCGGGACAA
AKT1 CGCTGGACGATAGCTTGGA GAGGACAGCGTGGCTITCTCT
RB1 CAAGCAACCTCAGCCTTICCA AAGGGCTTCGAGGAATGTGA
STAT3 ACCTCGGAGTGCGCTACCT CACCCCCCGCCACAT
TFDP1 ACACACCCCCAGCACTCACT GGCCCTTGCCATTCTTCTCT
PARP1 GACAGTGTGCAGGCCAAGGT GCTGGCATTCGCCTTCAC
AIFM1 CCCGCTCTCACAGCCATT TGCCTCTCGGCTTCTITAGGA
ATF2 AGGTCATGGTAGCGGATTGG GCTGGAGAAGCCGGAGTTTC
SHC1 CCGGTTTGGGTTGGGATAAC ATGGGAGGGCAGGCCTITA
HMGB1 CCCCCGATGTTGGCTATGAAG AGGCCTCGGACTCTGTCTCA
TGEFB1 GCCCAGCATCTGCAAAGC GGTCCITGCGGAAGTCAATG

Table 2. Oligonucleotide primers used for gRT-PCR for detecting effects of

anti—inflammation

Gene Forward sequence Reverse sequence

CHOP CTTCTCTGGCTTGGCTGACT TCTGTTTCCGTTTCCTGGTT
STAT3 ACCTCGGAGTGCGCTACCT CACCCCCCGCCACAT
DENR CGCACCCAGCCTGAGT CAGCGCACATACATGGTTTT

NRE2 AGTCCCAGTGTGGCATCAC GGGATATGGAGAGCTTTTGC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGT
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6) 7} AEAEZ HPLC £8E W % phenolic compound &% 2 & o 3= vl

np AEZGEZA HPLC EFE9 polyphenol stEEs BEAE7] 9sl A8 50uLe] Folin-
Ciocalteu’s Phenol A]9F& 50uL ¥l Ah2oi] 58 Hh3- ]Zi‘:} I o9& 0.7M NazCos 500uL
& 9o 1A dgAIZI & OD 750nmollA 5% T FFEYOSZ Tannic acid 100~500
ppme ARt ¥l S

o 22 24 HPLC 285 Ul & 3FFS 24517198 A= 50ulL® 5% phenol 50u
L 28a g4kgd 250uls B9 & 4o FAd BF= Bl 108 ¥3 41712 icedll 15%
HE3-A1 71tk OD 490nmell A =43 & TF8A S 2 sucrose 100 ~ 500 ppme AHE3l
vl gEstAth =3 np 22 EF HPLC 28 & FREl de 2 F/rE £4817] 9
3 B Ar9ES SIS 4 2HE sample 10uLet 0.15M ANTS(8-AminoNaphthalen—
1,3,6-Trisulfonic acid disodium Salt) 5ul, 1M AU EF(NaCNsH) SuLE 93 50C s>
FZAA 15A17F B-SAIH T HEE 3 50Tl A 241ZF FF3k 20% glycerol 50ul €3l 43¢
F & sample 10uLE welldll loadingstal 100VellAl 1A17F 200Vl A 4A]7F running 3FA T
Standard 2+ galactose®} dextran® AH&3 o).

F

>

(7) v} FEE Ao 2 ME F @WEd 27 2 immunoblot assay

npoll A 223 &2 &2 HPLC £ ES HEKOL AEo g3 & 2mM PMSF(Sigma,
USA)$} phosphatase inhibitor(Roche, Germany)’} X% 2X RIPA buffer(Cell signaling,
USA) 0.2mL &3t cellE 3538t 1.5mL tube® &7 & 26GX 1mL syringe needle®] 10
3 BHATIH MEE TS 14000Xg, 4T, 1082 9485t 343 protein sample2
89 SDS-PAGEZ o]€3}e] 23t & SyperSignal® West Femto (Thermo scientific, USA)
£ 9]€-3}9 immunoblot ¥4& 6‘]—9}1’4-‘

3. d7FZA3}
7F AEA SgA 28
o} ZE 2} #HElo|tE MEF AT ¢L Aty s 20% Tricine SDS Geldl T&H¥
n} FZE2 loading3tth. Silver staining® & <13 Ayl A&} FEelol=9] =S o)
1000ppme. 2 A3t =, RP-HPLCE ©]&3ly rt FE2ES EF3 & B3 E(Fraction 1~
6= 52 1z T AP A8 THFig. 1.
1}, Cell viability test (MTT assay)
HEK001 /H]EQ MTT assay® T3l vt FE2E9 =4ZE FHsYH 7 F2ES
o o

HEKOOL AIZFo] Hed 2% tfz2n wastel Aol Aol vsd 4242 B
559 ARA WE =7k AEFO] A8 54 Holx Pt AL FASRATHFg. 2).
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/ Column{RP C1E, 4.5 4250mm)

. . burferd 0.1 % TEA nwater
= bufle B 0.7 % TR In AT

3000

2000

Fig 1. Fractionation of low sized molecules by RP-HPLC. A) Tricine SDS-PAGE. Peptides

were extracted and dialyzed against buffer (20 mM Tris, pl. 7.0 20 mM NaCl) with

from yam extract, B) Fractionation profile of LMP eluted using RP-C18.
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Cell Viabillity(% of control)

100ppm 250ppm 1000ppm

Fig. 2. Relative viability of HEKQ0O01 after treatment with yvam extract. HEKO01 cells were
plated at 5 X 10° cells/well in a 96-well plate and incubated with 100ppm, 250ppm,
1000ppm yam extract for 24hr. Cell viability was measured after treatment with each
extract by MTT assay at 570nm. Indicated values were measured with cell amount in
proportion to the amount of untreated cell.

I=]
54

t}. RT -PCR& &83 =3} oA &

olr

o FEE =3 oA E5& 2457 At n FE25E& HEK00L MX HFs=7F Z
Zk 100, 250, 1000ppme] EHEF A T Z+ 12437 48417 stk TRIzol
(Invitrogen ™, USA) 1mLS AMgsle] AEZFE Q—r‘}‘}i‘:} 34" MEZE o]&3l9d RNA
283591 RNAE F3o2 3t cDNA @43 T 2z A EE multiplex-PCR £41& 93]
¥ PCRES WY stch

tjZXQ1El PCR primerE AF&sle vt FE2ES AHFSIIS o 32 A
e HdWstE 2 27 HIFIAT 1000ppmAE F 1247kl A T2l XA @8 oFo]

=
7hekAath(Fig. 3). AKTIfdAb= Azl F 12438 BE s=EoA Tde] JF7isiale
100ppm F=olA] 1241 7k3} 48417H- vlmete o FA48 GGl Fadshks As £ 5
PATh. RBLAAAE 12413 AR TolM g5 zsoz gl %7}8}% A& 8

I, 1000ppm A T 4847kl A o] k7 F7EHTE. STATS %
T ARA|Zbel A W o] ZrlstgTh AIFMI €A AE 1000 ppm A& & 1
o] Z71EEA A, 1247 Aol T dEHe g Frhsle ATE i&iu}.

- 108 -



Fig. 3. Profiles of gene expression related to anti—aging. cDNA of aging-related genes
were synthesized with total RNA purified from the cells after treatment with indicated
yam extract.

HMGB1 3 A= 250ppm x%al ? 1247kl A & o]l 23 ZF7bstgdth. E2F1, TFDPI,
PARP1, TGFBI1, ATF2 §Ax= @dckel Wbyl mnjslgoh. AA x—-l o2 250ppm °]49 F
TAA 2 AR dEYe] FUkste AS Flsglen Ay T 1247t wrdo] g
ste AEs & F AUk 7—} FAAE Azdg 24 22 HAARIA oW &9t gHiks)
2 523} apoptosis ol A#E vtz dHA Ak PARP1IS 4T E3ld
A=k AIF7} translocatlonﬂtq A M EAIES o]Et} PARP1 43 A9 A = A
o] F717} soldttal B gnl ItH(Grube and Burkle, 1992).
STAT3E 47Ut cytokineES #7438t A7|H =stdd dHd] A=t 43 A
itk AKT1S IGFeF Z& AARIAE transductiond}™ genotoxic stressZ protect3t}h. 3
Aoz ute] AHEA FEo|= AHZE HEK001 AEZFA 250ppm ©]4+e] FXollA 3H4ts)
ot apoptosis AAIEHE ASE £ Aen T dAH g3t a5% AT + Ao

mn‘.
l"‘]
o2 HE o

]_
g
ol

'6'
ZH

s 2l
3E =

m°1'

2} RT -PCRS @83 45 Al a5 &4

mt 28 E0] SUN 484 MEFo) mXs JaFs golr 7] $5te] 28 &S A A &2 °
270, 247 EH3E 671AE A3 A4¥TFe CHOP, STAT3, DENR, NFR2, GAPDH
mRNAS] &d Hx2 =AUt NFR2, GAPDHE 72¢ thzod AT EFoA @dx)
o]7} Holx] ¢ttt Wt CHOP, STAT3E thxTol Hld] APl 2d F71E By
DENR2 Fraction 5 Azl @] FZasigth (Fig 4). GAPDH fdAte] #dzgFe =
normalization 3t 2} §AXE 2 Hol| Fe| BN A= oo} 2o
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A A g 5o

CHOP fzol v EHE AT ToA LdHo| F7I6IH I, Fraction 5 AT Toll A
g2 E35E Ao v @do] g4

STAT3 zoll vd| EEE A ToNA ZdHol F7135t¥ 3L, Fraction 4 Aol A
02 E23E Aol v &do] 715t
gz EFE AT Tdo] |25}, Fraction 4 Aol A @

DI o) zorstant

NFR? z2ol v)s] A ZollA] ddo] &7F F718¥( L, Fraction 6 A+ xT
of wvjg] wdA=}ol7t YTt

Ohr 24hr Fr1 F2 Fr3 F4 FS5 Fr6
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N o
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o
o
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Fig 4. Relative expression of genes related inflammation in SNU 484 after treatment with
each fractions of Dioscoreae Rhizoma extract. cDNA of inflammation—related genes were
synthesized with total RNA purified from the cells after treatment with indicated yam
extract.
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Fig 5. LC-MS/MS chromatogram of Fr2 and Fr4 fractionated using RP-C18 column. Each
fraction (10-4000 Da) was analyzed with LC-MS.
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Fig. 6. Identification of low sized molecules in 10-800 Da range(A) and in 800-1400 Da

range(B) from HPLC-fractionated yam extract by LC-MS.

Z+ fraction®] X EH massES Z fractiond JTI vl EASHES "W (Table 3),

fraction 19 138.0578%} fraction 49 707.1398, 767.1554, 933.1931 ¥
190.0645, 379.0157 S °] fraction 7o =ol& Ul FEYL A=z Ao
Z} mass 32 MS/MS DB £4L £ E24& 533 & 3gE9 558

g Yol F7h2 Basie

olr

Table 3. Selected mass value in each fraction.

fraction 6¢]
ot oekA

dFstr o

# Fractionl Fraction? Fraction3 Fractiond Fractionb Fraction6
102.1357 102.1485 102.1615 102.166 102.1664 102.1596
138.0578 228.0041 118.1308 118.1319 118.1313 118.1371
228.0025 703.9909 228.0056 172.0516 172.0482 172.062
719.9634 719.9655 268.1074 212.036 212.0345 190.0645
857.0566 379.0888 707.1398 379.0905 212.0456
Mass 893.0245 699.971 767.1554 446.1734 228.012
(m/z) 909.002 341.07 361.0664 825.0994 379.1057
857.0413 877.0403 341.0668 759.3135
877.0342 893.013 861.0645 361.0826
893.0055 933.1931 877.0372 877.059
909.9821 956.2212 893.0075
908.9819

* Bold letter represent the specific mass in each fraction among fractions.
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v}, o} HE2EZ HPLC £3E&E W Z phenolic compound F 4] o

Zy 2878 phenol 3HgHES S vlwdt 2z H .
reg, 32.7ug, 95.5ug, 31.4ug, 169.8ug, 59.4ug S 2 fraction 1WAl ko] 714 Be AHo=w BA
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Fig 7. Quantitation of total phenolic compounds in HPLC fractions

AL m AEAEZ HPLC 2898 W § 9 FFHn

np A&z E4 HPLC £3E&E Y &
_._4 sucroses /‘}9*3}04 EA59 Y. &

00 ~ 500ppm &

1
F RE S 2= 9 A
=
pod

C
o XggH FF v‘f—@.% 3}@1 a 6&%‘:0] A F3lol] EAI7F HEASE
EYFE F F TS vwst 23 (Fig. 8), fraction 1 ~ 6 &
reg, 126.5pg, 121.4pug, 102.7pg, 104.9ug fraction 1WA ko] 7h4 &L

100000

10000

1000

100

Contents of total sugar

10

fraction | fraction | fraction | fraction | fraction | fraction
1 2 3 4 5 &

®A2¥1| 26860 |125.80909(126.54545[121.45455(102.72727(104.80809

Fig. 8. Quantitation of total sugar compounds in HPLC fractions
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£ v AE2A EE HPLC #8959 Fi/Ee e @ T/HE & A795S T3 &
APt @35 standard2 galactoseE AME3t UE{ standard® dextrang AF&-5he] H]
o St¥E wi(Fig. 9), BE B 7oA 5F olde] &8lugd2 FAHA &3ka 49 =7] o

stel Be Tgahw 9e Aoz puEo.

Fig. 9. Determination the type of oligosacharides in low moleculae weight fractions of yam
extract

oh. v} A2A=d HPLC £8E9 =3 oA 55 4 - RNA &4 4

n} A&z 4 HPLC £ & &
2 FYP Iy HFEE] EFHEA
HPLC E&8E&9 =3 A fAA &d oA &
EIES AP Ay BIHES AHYsHA & o

UG}
z
Y
S
e
(o3

O

&
=3

. AHEA 52 HPLC B85 =31 oA f2xx &4 oA &
RT-PCRE 3399tk ©lA919d PCR primers A}838te] nf A2 &
Sk & ZbzZ} 24h, 48h B9t A3 fraction ¥ AT A & tlZT RNAS
sla RT-PCRS F3te] HIF1A, HMGBI1, PARPI, RB, TFDP1, TGFBI, CREBI1, ATFMI
DHYS EA5 A (Table 4).
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Cell viability

Fig. 10. Relative viability of HEKQ0O1 after treatment with lower molecule of yam extract
fractionated by HPLC. HEKOQOL cells were plated at 5 X 104 cells/well in a 96-well plate
and incubated with 10ppm lower molecule of yam with fractionated by HPLC for 24hr.
Cell viability was measured after treatment with each extract by MTT assay at 570nm.
Indicated values were measured with cell amount in proportion to the amount of
untreated cell.

Table 4. RNA expression analysis in the fractions of Chinese yam extract.

F A A ug 54

AAHoz AHAPslA k2 dlzTel HlE wEdfo]l fAAseE AL EIsiyon
HIF1A Fraction 2, 4¢] 7% 24h & &l++3} fraction 2, 4, 62] 7% 48h A &) w-oll A @] W& ko)

U fAsE AL 808 & o‘ﬁi‘:}

Fraction 32] 7Z-%- 24h ‘4ﬂ v 2] ey vk e S noom A A
HMGBL 7o e txile H J#O}ﬁ‘:} Fraction 2, 49] 7% 48h m|A &+ 2zl

H]3)] 48h A z2lite] ¥ % AA FFAsg o, ‘)r‘ﬂx] Ao wde izt vl

oF7F At

Fraction 2, 4 ¢ A% 24h v]x]ag] 270l B3] 24h A atollA]e] Wde I 74438}
PARPL 9on UrlﬂX] BT Y 2rd v)$st Bee B¢l Fraction 5, 6 Aol H-¢

48h U]fﬁﬂ )zt vlsl 48h X e]tol A el Wao] =A FHAsl o, fraction 29

A2 A-folAe g fFHAstAT.

Fractlon 2, 4¢] 749 24h U]ﬂﬂ ) Zate) W8] 24h A @latdlAe) Bae 34 74AS)
RB Fom fraction 6 o] AFoAe 2kt =V A2 3elstg ). Fraction 2 A&

-5k A2l siar v A 7‘43?01]/‘1 48h A glrol A 9] Wk nke] 7FASY A o 2t

Hl ok a2 E?i‘:}

Fraction 39] 7-9- 24h A ltell A 24h vix e o) z2a3 vk 3dS 1Holom v
TFDP1 A Yol B hERgte HEl FHASA T, Fraction 2, 49 g A] 48h w]A]| &9l

vl 3| 48h gt A9 whante] <k3F AU

Fraction 3 A E|A]l 24h A2 24 hr A 2t Hleeh B2 Holom YA A
TGFBL o] Ee gzl vld FASEATE. Fraction 4, 6 9 4% 48h A 2]l 4] %?ﬂ

L A7 AAsig e gE EEE 9 AT A= 48h v Elell H]d] 48h A Eate] T

ﬁﬁ BT AR Boldh

Fraction 2, 4, 5 ¢ -9 24h A &atolA] @do] okt 7AAasgon, UmA A2t
CREBI1 ) =73 H]%ﬂ' w32 WYt Fraction 2 %2 A] 48h %ﬂ%oﬂ/ﬂfl ko] =4 7

i

Fraction 2 *2]A] 24h A z2lolA @do] =7 gAstd o, vy AL dlz=d
AIFML o] Hls] WdHo] ekzt 7F4A S-S HYoh. w3t Fraction 1, 3, 6 -4 73-9-oll A 48h ] &)+ 2]

uhg e w= 74A%HS W9l ow Fraction 2, 4, 5 9 78‘% A= dkdlo) 94 74481y
=
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o 7§ 2 N

= o (r o o

A= CREB1 %3
HAAre A2 AFRETE CREB knockout mice’} normal micedl] B]8] o] ®oln HuH
Aol (Rudolph et al., 1998) =3}o] F43% AARIAZ AZErh PARPIS 433 £33}

fFAAE Azdg Ed 52 dARIRtelw ¢, ksl AlZAAY 2 E3), apoptosis
Az Aotz dEA ok HIFIAE g3 W A4avEo] 1%0]3F ¢ o ©do] f &
Ak vgd o BEsEd. HIFIAE VEGFE 243 47]2 VEGEFE MAPKSH AKT
pathway®ll &

=
Ay @RS S AX AT A= #AHE {FHAAE AHAASH
HIF1A7} activation HS o 7 AT Hojzbgo AHE {FAA

#HEF o] AT AIFZ} translocation® ™ A A EZAFE S o] (Joza et al., 2001). PARP1

¥t

2

Ao ZaE T F77F sojdtin Baud vl AtHGrube, 1992). AKT1-S IGF$}

A7 AAE transductionst™ genotoxic stressZ protect3tth, F34 o2 HEK0O01L Al XF

of Agld mt A& =2 HPLC £ EF 1HI 6¥lAl 4kst, &9t apoptosis AAIEH S

a5

T 5 AT (Fig. 1), 2o dBE Pzt TEE FA T 5 YT

24hr treated 48hr treated
& 6 S b“i@’i"‘%“& 8 f:\%ﬁ
JR— e N —— [ [
== — — i TFDP1

Fig 11. Quantitative analysis of aging-related gene expression. cDNA were synthesized
with total RNA purified from the cells after treatment with indicated concentrations of
each fractions of yam extract.
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2 vk ARA=EE HPLC 2989 =3} oA &5 &4 - g9z 24 $4

ok AEA 22 HPLC £8&59 =3 oA f3dx 43 oA 55 did FFd4 2435
7] flsted 2t g d ol FAE ©]-838td immunoblot-s T8kt

Fraction 1, 6 A Aol AE e AIFMS HHGo] HaHE Zoz QxAem I
fraction 62 AT MEAHT T 48A17te] AU I F&o] fgad FHAozr AHHATI(Fig.
12). ATF2+= Oxidative stress9] 3l #Hg-st= A& ZFsle] thgst 715 71 dAra Ao ti(
Kurata, 2000; Waas et al, 2001). ATF2& IFHE4 AXAA vjZdxoz @ddo] Frisita
B 1% v} 9h(Leslie and Bar-Eli, 2005; Papassava et al., 2004). 8 & = g]A] ATF2¢] &
d 74 Ade BZE 93 oxidative stress®] TAZAIE RAXAT, SHCE pd6, ph2, p66
Al olderl AL A5 3= p669ll double-mutant® mice| A T o] 30% ZojA= Aol
BuEnl ok (Migliaccio et al., 1999). Fraction 4] -l A 24, 48A17F 2] ol A o) ol
Hl3l RB19] @do] Friste Zg &UsAtHTable 5). PCR 23 £4 A 1, 2, 4, 69
fraction ST 23 B4d ZFE HAFor) @l d BAo A= fraction 49149 &3
2 #d 24 Tlsel AskAl uEen ol AAFHY Y BFO0ER AARE F
Fraction 1, 6 & Aldl+= mRNA &3 EX A3 A e} v]<=51A] apoptosis 1 AIE 7 =3}
E5S Edn

24hr treated 48hr treated
~ a4 % . 4 @
& S & (-‘k\d“ (.}@(\ &
§0 Q@(’ Q"b Q‘Jb fo T P

&

L

tn-u I.h e
W e e T RSN W
PR T -,.H-.'.FH
Dl Lde ke i Y e il

Fig 12. Relative Expression of aging-related proteins in HEKOO1 cell line after treatments

with indicated concentrations of each fractions of yam extract.
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Table 5. Analysis of protein expression in the fractions of Chinese yam extracts.

okl Ay ud 24
Fraction 2, 3, 4, 59 A% 24h @ ZA]e] Tdo| A Z71s+HTh
AIFM1 Fraction 1,69 7% 24h A2 T3} treated fraction 19| 48h A9 -2
zwo] Hs HFYol Hadste S At
ATF? TE fraction A2 Ao 24h A TFolAe wdHo] F ZA5H T} Fraction 1
A A= 48h M ZAAE @o] =27 7HAsYTh
Fraction 4, 5, 6 & 7% 24h Aol A dwadoe] A Z7st9 1, 48h
CREBI A Zol el wde izl Hs ZF 24st9lal, fraction 4 HE| Aol
Hzxzra v=3 dds iﬁ‘:}
HIFla Fraction 2, 3, 4, 59 A% 24h Az ZAe @@L Z7}8l9 1, fraction 1,
3 9 Azl A% 48h A TolA9 wrdo]l A =713t}
Fraction 4, 59 3¢ 24h A& FollAel Td o] Z718t9 2, fraction 49 =7
RB 73§l A 48hr A& Alo| wdo] F7}5F¥ L, fraction 5, 6 2 48h A&
A= wdlo] ZA FASAT
Fraction 2, 59 7-¢ 24h A ZelAe] &de] ZA F748t AL, fraction 1, 6
SHC oA el A 1 wrdo] oF7F FASHYTE Fraction 1, 3 9 - 48h
X%El%ﬂ A @@ o] A7t Frkslgod, Urmx Ao ddL tjzF
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A7 E B FAAE FHL FH SR 248

1. A
nke] 7154 FAdolE Bk, vt A dx 2 £23 59 9?13k 5
ol A, /\H]X}A 713 =g FEA7IA Fsta g wt ove Arkek AR A F

A7 72 ol%n Utk
slel au|#E RobAE Eolv] AL whel dREA, J5H S
34 5 A2 7122 Mesel 2vRY JEE BE:AL s

tk(Dioscorea rhizoma)= U&A AEALATFLA Xgigton FHAAZ 38 AAS
60CANA dFAZ T Ao ALgsgon, AAZF At (F)sSrlol A Arste B35
At

v A Ay

(1) &7 v Az
drarle] Azurde WA A Eaa=(250mL)dl AZRAIE 3gRL Wi, 859 94 1
A &+= clean bench QtollA B d =

HF M(lxlo CFU/mL) & sk oh250rpm, 371

Zj——lz— ]74 Xﬂ _1_0}9114.

tlo !
>
)
_Q
s}
r:lJ
l‘ﬂ r]o

s
b
L
—
=
8
-
1x
n}‘l_ll
)
oL
i3
fo
H

o ox 2
e d

off
il

(2) AR %4 vl Az
ZA-AZPHE BmEE PES $4 PhE AR AR F AT 22 A8L STk
ARE PHE 60T GEAXINE ol stel AT AEF T TPLANN FAZ S 2B
A48 wE o] 50T AFAZI|NN AxSE bFRL £RHoE WEL Asth o2
BEo7 vhE WEFET 0% oHE FEL olgshel AR WaE FAsYn

(3) Zmkat Az
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gld kS #alr] st Lowry S(1951)¢9] HHe] wat A|EE 100uL ©]-&35}hd

— — 3
A TFEE SA5YUY. =3 E FFE+= Bovine Serum Albumine(Sigma, A-7030)& ©]-&3}
o 44T TETHeRRE AT o BuAPFL 2T,

=4S 98 055M NaxCOs, Phenol reagent-2N (Folin_Ciocalteau
§3te] sttt A3 -2 94 sample 100uL9} 0.55M Na;COs 49
= < microtubedl] ¥t} 28] 1 Folin_Ciocalteau reagent BHE-A] kS @11 30Tl A] 30
B vEg2 A1 F vortexings . 1500l & FH3Ek 96 wellel ¥ 750nmol A FFE
g S5ttt EEAIF2RE tyrosines ARSI tyrosine2 TR 55X FoBE 1M

HCl& AH8-31{(25mg/mL) =<9 & S/FTE HF &3 3o

(3) EHE = FF

Z Zg¥ =9 T (total polyphenol content)2 Folin-Denis¥H 2 W3] A9} F
ZE 100uLell 1N Folin—Ciocalteu reagent 100uLE 7}sle] &
€L 100uLE FH7bstAth o] EFAE AT FF W
spectrometer, Jasco, Hachioji, Japan)& AF&3td 750nmeollA 3%
tannic acidE ©]&3ste] FAAgE EFJHC2RE F Z¥¥E FF(mg/mL)S F3AHh

s
w
e
=
r]I

1) T FF
3 WstE A st dHe S ol&std At Al Cone. sulfuric

acid®} 5% phenolS AFE3IETH A3 WHL tubeol]l sample 500ul, 5% phenol 500uL, 2.5mL
Conc. sulfuric acidg ¥ & 42 & ZF= B 1027 d& A7l & olo] 2o A 1587 4
3 & BFF=A(UV/VIS spectrometer, Jasco, Hachioji, Japan)E A}F&3}ed 490nmoll A &%
£ S35t} standardZ = sucroses AHESFY ST

L
—a-

—~
ul

) LT

GAT 8RS sy st DNSHE $&stel ZFSAT. Ak DNSA Y
(Dinitrosalicylic Acid Reagent Solution 1% ¢ Dinitrosalicylic acid: 10g , Phenol: 2g
(optional, see Note 1), Sodium sulfite: 0.5g, Sodium hydroxide: 10g, Add water to: 1 liter),
Potassium sodium tartrate solution 40%2 AME3I¥TH AFWHL 4 tubeol sample 1mlL,

DNS 3mLE ¥€< & 40% Potassium sodium tartrate solution < I7}8l #+ =9 587

i o

rih
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WSS A7 Aol Aol Yol Fudstatt. 2ela BFFEA(UV/VIS spectrometer,
Jasco, Hachioji, Japan)& A3t 575nmell Al & sttt EF8 Y Ako 2 & glucose
(dextrin) & A3} A= Ho)

(6) M==74

Visko(H] =3 )A o] E33ZM A2 konica minolta spectro photometer CM-3500d 2dl-2 A}
st A5 AT 714l e E (B E), ax(AZGM =X 5), (A G =2 4) ZF T o
o2 Lx(FE)2 Bol vehdrh

(7) DPPH radical 2%

DPPH radical 4% 7382 Blois® WWHE wWIstd AU AH8" A
2-2-diphenyl-1-picryl-1-hydazyl(DPPH, Sigma Cemical Co., USA) oA FU435}] AFE3S
ok AlE€N ImLd 0.2mM¢] 2.2-diphenyl-1-picryl hydrazyl(DPPH) 0.5mL ¥ 1 myk &
2 A% O 517nmell A FEEE SHSIAY. fElEidd 2A88E 5Y T |18

| 23T}

ol
Hri
lo
>
L
i = 2 12

jud

ol

(8) ABTS radical &~7%

ABTS radicals ©]-&3F a2tals =42 ABTS+ - cation decolourisation assay HHHol 2]
o] Al Y. TmM 2,2'—azino-his(3—ethylbenzthiazolin—e—-6-sulfonic acid) (ABTS, Wako
Chemical Co., Japan) ¢ 2.45mM potassium persulfates #EF Tz 3t 29 Ao
A 24413E “sob WA Ete] ABTS+ - & @442 F T34nmoll A F3% kol 0.80(x0.02)¢] A
phosphate buffer saline(PBS, pH7.4)2 3|43} t) sdd & 100uLel] A% SuLE 7}3)¢]

SR B YA F FYEES ARG feutd 2ABHe BY ¥R ARE wus

Ao =542 21 FeChE Y2 % ferrozineE 21 A2 A 2082 7F ¥l 562nm9ll
=
=

(7F) MTT assay°l 93 A E=A

FEEC] AEFAH HAE s2E XASte] NOSAAE A A2 v HAZ2AE 9l

Al MTT assay® A3ttt RAW264.7 AZ(1x10° cells/mL)E 96-well culture plated] 100
uLe] DMEM ®jx] ¢} H7] sp2nk v bk vh, o2 $ =9 °of=3& A dte] 24X v ¢k

o} 7} wellel 5mg/mL F%2 MTT £9-8 10uL” Y2 & 3A17 &<t Al dsidA Savks
&

-
(o]
o
-

S FEst¥en, 100uLe] DMSO &5 H7lbste] Helde] formazan A4S ¢33
At WA EE microplate readerE ©]-&3Fo] 570nmolA FFEE FAIROH, AEEA
(cell toxicity)< AMERE vjFFE FA 2o AEE 100%E 7I£o2 ofeAeae] dd

AEAEEE A,
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(4) Nitric Oxide(NO) A= =4

RAW264.7 AxZ2FH ABAEHE NO9 s Ax vigd & SAstE NO: 9 "=
Griess reagent ®¥HSH-& o] &3t ZHA3Sv. 5 LPSUpg/mbL)E 1A AXEE g,
RAW264.7 A xZel tpFe 5529 &S Aeste] 24Xz sjdatdvt. Axujdelg 573t
vk} 100uLell L3t & GriessA ¢F(0.1% NED/1% sulfanilamide in 5% HsPO.)S 22
S 1587 9nbe 3. AT E microplate reader® 540nm EF Tl A =A 3T
100% 22 LPSWE A eldk o] #njgFom Aolsto] A&l A4 7% of control)g A4
St

(1) Zavke] pH 54

GEA el wE whe] pH WEEE SAS S A7) stel Wig pllE S A AL
of Aaerel wel mpdeE s AABLI, B2 pHe FUFsAN, Akt AA(SEL L.
Acidophillus)®] 73-% pH7} Eeoll= & @ & gSivh w3t npde s Ad #59 pH
T ARrel A#EdFE AlE FUFsa(BLIS 86, B2 7.7) Akt Ad w59 pHE 124
Fo] 358 A=A WskA] skvh(Fig. D). o]¥ s A& FF3tH pHy fo] AetAA A3t
At datelel ofeiN GRS g AoE Am T

o or

iy

—e— Control —#—BL1 —4—B2 & SE-1 —— LA

pH
O - NDNWPHMOIOONOOOO
T

0 12 24 48
Fermentation time (hr)
Fig. 1. pH profiles of fermented yam products during fermentation at 37<C.

(2) Zanke] e

LA T M2 wle] kil AR WIS Lowry assay® o835t FASITh. o A
BL1 #F2] 7% 2aATo] F7hgol ‘I}F)r g gefol frolHo g2 wA vEbge™ 484
Aol gl oFe izl He 3uiEE =A et B2 #F9 A g A
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g T 12A7R =4 JUEls e ol wulEd ko] dAHSHA fAHe FoeE JEhdH
(Fig. 2). 01 A g el ko] FUlste A2 Tl SUHEe wel weol ZHAA e w
o] 7 2AFE Ao AEFH AT}
100 1
Ocontrol E1BL1E B2 N SE-1 MM LA
g 80 -
£
‘g 60
| | g
c 40 A
o < N
a 20 - I \ %

0 12 24 48

Fermentation time (hr)

Fig. 2. Changes in protein contents of fermented yam products during fermentation at 37 C.

(3) &aE v v?/lo}“]‘fﬂ} A
frelobr] =4t ko] A2 tyrosines ARESFY] 2GS Akt tigddte] AlLES
- Ay 54+ O}ﬂl‘—*u e Fig. SJJr GAFEE AeES wolFEgdnh wmA o
Uebd BL1Y B29] A¢ felobnwit ghafe] md =4 velytt) o]z
Tafsto] ofmibs wWol AAHS Zow wolw BL1Y B2 vﬂo}“bf S
14.08mg/g, 13.84mg/g 0.2 t]Z a7 (control 10.3mg/g) B th =7 Ve CH(Fig. 3).
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(2]
1
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0 12 24 48

Fermentation time (hr)

Free amino acids (mg/g)

o
1

Fig. 3. Changes in free amino acid contests of fermented yam products during fermentation
at 377C.

sucrose= O] &3}



o= FEol 254 ek Aoz YEEtHTig. 4).

Ocontrol EBL1 EB2 KSE-1 MLA

=

i

A\

N\

Total sugar (mg/g)
P, N W b~ U O
o o ©6 &6 o & o
1 ] ] 1 1 1 |

0 12 24 48

Fermentation time (hr)

Fig. 4. Changes in total sugar contests of fermented vam products during fermentation at 37 C.

(6) Lavte] Y A
L E A Eel

ko] Ak dFate ODgke tidste] F3tdth Zh2bel MaAsEL wavh AFy 7] A
OAZH R 254 F71skE 4 Gt 53 B2 #HE HEUB8AITH) F controlol W] E|

15 7
Ocontrol [EBL1 EB2 ESE-1 MLA

Reducing sugar (mg/g)

|

0 12 24 48
Fermentation time (hr)

Fig. 5. Changes in reducing sugar contests of fermented yvam products during fermentation at 37C.

e

W E A Zbe] W wle] F4E 2A3 Y38 colony countd & AMRSIATE L
Fol e w#FE ST A WEAFo] Aol wet Tt S7skslh.
TUFE LR F R2AAAE Ve AFo R JEREAR wE & 2447
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2 Aldel BLI, B29 757 27 Z7tekE Aoz vehyth @E & 244 7F
7 A F7rekA U tHFig. 6).

1.00E+14 7 OcControl OBL1 B2
1.00E+12 - EISE-1 LA
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Fig. 6. Changes in viable cell numbers of fermented yam products during fermentation at 37 C.

GRS STIETEEUE S
HEA Qe REH] Qi AwRGEL FEYe) hydoxyl7) 7t EASEE T3 A
FEE 2 w0, e AAE FEEHE VG0 §a5 g AP Jola
b dmvle] HedEd Y 4@ A3} A A9 BLL B2el deadE gy
Wb Aol we Frlskgom WE VAL AEdEe Uzl walA 509004
Z7hehArHFig. 7). ol nxdol 44T BMARSEie] o FATHA] Falu o s
HEAL) HEEL olRA AoR wasv
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Fig. 7. Changes in total polyphenol contests of fermented yam products during fermentation at 37 C.
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(8) DPPH radicalel th3l A A& %

AAgels 40 AHE® DPPHE PA3 Af SadzA 229 v /A= s
SlTnm F-ol Al Ao F4A & WErH, dA = pas Wow 517nm F-2ellA F3 =0t
wady) mEel 7 FEECAM oI e FAAIIAY FATIE Tl AW we
Farsk @4 % e E HET e g dete] 27 4% Ve = 9lon <A

oA A Bl ot w3E At ARk of§d 4 Jvh Img/mlL FRE 77}
TE v e dATdeEs AT A T Aoyt UEyA @ked H}éaé Ald
BL1+ B2 4 &7t dddss dgedsol Aa gasiolvy ik tard bt A4

¢ SE1, LA®] AAsoee woldQl Apoli= yebx] & 2ktH(Table 1).

Table 1. DPPH radical activity of fermented yam products of 1 mg/mL during fermentation
at 377C.

DPPH radical scavenging activity(%3)

ample 0 h 12 h 24 h 48 h
Control 42.31 44.28 40.93 5188
BL1 4573 46.36 38.14 31.31
B2 37.96 47.05 34.16 33.92
SE1 5177 45.66 50.01 47,84
LA 51.44 48.25 60.12 57.67

(9) ABTs &4 =4
el Al ABTs®] <ol gt Zzdel F3 57t kst Ael o3 A== Aol 7|xzste] 71
H gz A7 @A Holth ABTs$ potassium persulfateE ¢F4 o] wWx sl ABTs'o] AA
o] izl o] & ABTs ©] &A% o] radical 52 A2 HZ4e] 5=
B oz dehde]l ABTs 9 &7 #4& 34T F vtk ABTs = 600~
9 3 SA4d 5 At ol
g A& o]&dtol ABTs €48 A3 A3 vy 2 Ald BL1Y B29 44 o4& ? 48]
7HAl o] ABTs 242 Z+Z; 95.77%, 86.01%% tZT 4854% Kt} + ®] ol F7I38
(Table 2). ©]|A& DPPH¢= v A= npde s AF 5o 3 84 &
6L g&5 0] ditaleg fAstE Ao w ddE),

_1

oA AF FrE HF o2 e BH BHom 7]

2
b
oX
i
ed

Table 2. ABTs activity of fermented yvam products during fermentation at 37C.

ABTSs radical scavenging activity(%6)

Sample
0h 12 h 24 h 48 h
Control 36.72 70.32 46.16 48.54
BL1 60.63 92.82 97.38 95.77
B2 49.80 70.89 74.99 86.01
SE1 56.63 438.46 46.70 48.75
LA 54.19 57.74 68.58 76.77
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(10) Lavte] Fd5 55 AT

(7}) Raw264.7 A2 W& A5

Raw264.7 Al3Eo] T&Ev F&EE 50ug/mL, 100ng/mL, 200ug/mLe] Fx=E= A 5
T 7k wE AlESAC VA= s AT 2y 200ug/mLEER AP SE1 484
A AFE FEEE ALY BE AL TN ALl YA 2 kThHFig. 8).
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. SH
200 ppm
ppm E1 200ppm
% 150 150
3 £ 100 Z% 100
> ‘: _‘% c
3 g 3 g 50
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LPS 1 12 24 48
Fermentation time (hr) Fermentation time (hr)
O50ppm B2 L1 50ppm SE1
[J100ppm 1 100ppm
200ppm 200ppm
5 3 0
%%1 55 100
s o s (5]
=% 50 36 50
o xR o xR
0
24 48 LIPS 1 12 24 48
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ESOppm
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=
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o O O

T I B
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il
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Fig. 8. Cell viability in Raw264.7 cells by femented yam treatment.
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(\}) Nitric Oxide(NO) A= =3
Wavir gds A v A E S A7 gt WA S Evlrl RAW264.7 Al oA
LPSZ =gk NO Aol vA= 93dFs A LPSZE =% RAW cell®] NO29| A7
of g Asles A Ay 2 ad Als) 2 B 2Ev F5E Ao NO A
Aol AAHI A xatd HEavt FEE AYa Lole Aolvb gle Ao ® vErdvH(Fig.
9).
O50ppm O50ppm
E1100ppm BL1
[0 100ppm PP
2ooggm Control 200ppm
150  E 150
£ 2 100 £2 100
2% £%
£% 50 £5 50
LI S0
LPS 1 12 24 48 LPS 1 12 24 48
Fermentation time(hr) Fermentation time(hr)
CI50ppm O50ppm
O100ppm B2 E1100ppm
E1200ppm B 200ppm  SE1
g 150  E 150
£ S 100 £2100
Eé 50 £Eg 0
© 0 B 0
LPS 1 12 24 48 LPS 1 12 24 48
Fermentation time (hr) Fermentation time (hr)
O50ppm
E%ggggm L.Acidophillus
= 150
c &
E—% % 100
£ é 50
S0
LPS 1 12 24 48

Fermentation time (hr)

Fig. 9. Inhibitory effect of fermented yvam on NO production in LPS-induced Raw?264.7 cell.

(11) W& ale] M TLA 3B

7h AA A 2 A B A
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At 2 A3 Allantoine F% & oz oMo 9 Fo]E CCRF S-180 II Al¥
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Fig. 10. Protection effects of the CCREF S-180 II cell damage induced by UV.

1~62F FA 2 4 FAHE AR Zrt FEEY FEFEE 13 A g FE2E Y
& & FEE9A No Slicedl H|3] slicedl Al FE58°] © =4 YEPStH(Table 3). &3 Al
AZFe A FEFEo] HLYT AZUE o]&3 Snb A|Fo v ArnlES o]&3 Zr}

9 7
F9 FE5€0°] H =A UEETH(Table 4).

Table 3. Yield (%) of black yvam extracts processed with steam & dry manufacturing yam.

Yield (%)
Sample Water extract EtOH extract
Slice No slice Slice No slice
Control” 14.19 7.03 10.56 3.06
1=k 17.98 6.75 12.12 8.02
2} 17.97 7.53 11.63 6.93
32F 17.64 6.89 10.11 3.93
4z} 14.85 6.51 6.50 487
52f 17.09 5.70 7.31 3.01
62} 21.27 14.61 9.73 5.28

YControl : drying yam of non steam & dry manufacturing
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A FE=

Azrl-> 5 A vk -> 5} A zr}-> 5w}

Ayp}->Zn}
5 (%) 15.40 10.20 18.90 10.00
DAR-> 30k AekE ol gdle] 24 2 £434E A3 ot
DREM->Ivk Azvks JAG § A 2 SA4TEE A7 Sl

(2) Zrt & FE2E9 4LE4

Oh wHd G

T4 B x4 A BE JZut E FEEY dUATH W3lE Lowry assayE ©|&3hd
Z3stdtt. 2 27 Suk B FE2E9 B9 No slice, Slice 257 52 8 £49 3157t 7t
g5 @i d FRpol ooz =4 JUEHe™ No slice®] 3¢ 42 samplee] tzo]
H| 3] 158, Slice®] A%< 23 sample?] @& FHFo] 714 =4 F716AHFig. 11).
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Fig. 11. Changes in protein content of water extract from black yvam. S: Slice, N: No slice.
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Fig. 12. Changes in free amino acid content of water extract from black yam. S: Slice, N: No slice.
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Fig. 13. Changes in polyphenol content of water extract from black yam. S: Slice, N: No slice.
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Fig. 15. Changes in free amino acid content of 70% EtOH extract from black yam. S:
Slice, N: No slice.

(th Edse= stdes 9%
HE FE2 F249 hydroxylZ|7F EASIEZ 3% dBsE F2E ZHA =, mebi
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A, slice®] ZA9ol= 42} sampledl A Z8d® o] =4 Ve (Fig. 16).
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Fig. 17. Changes in protein content of extracts from black vam.
xAJul->Snl AnlE 0] §-3} %1}%%#7#) = AR Sk
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(b felotu| =it S
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o Attt o A7 FF AAE FE2EY folrest FHe oA w3 {AE A
e HAFI AZRE 0|83 AAF B FEEAA FElotu=it FFo] =4 vEl

o (Fig. 18).
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Fig. 18. Changes in free amino acid content of extract from black yam.
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Fig. 19. Changes in polyphenol content of extracts from black vam.
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Fig. 20. Changes in total sugar content of extracts from black vam.
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Fig. 21. Changes in reducing sugar content of extracts from black vam.
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5) Int & FEE Pkt &4

(7}) DPPH radical AT
ARFAT F4 AMHE-E DPPH=

Ak AFEtd 2 A JAx; e 45 o™ 517nm
ol BRETL BaSI AEA 2t %%%ow % FATiBe BAAIIAL A E
S3o] 29 e AT B4 P BHURE NEP UE Al detd &4 BHS 7Y
g 5 gon QA Jeld B4 Aigel 9% =sE oAss HEZE ol§F + AUtk

0.5mg/mL F=NA 2t sampled] AAFAFE 743 Z:iﬂr FA B w49 Tt FEs
Z giakgl Aol =ol¥ o™ No slice Aol 43 sampleol A, slice ZA-$-ol= 73 sample
ANA AAFAFol 7HE =A e THFig. 22).
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Fig. 22. DPPH radical activity of water extract from black yvam. S: Slice, N: No slice.

(1}) ABTS radical 24 %

oA ABTSS ool gityzte] T3 =71 GrkstA|ol] 28] A= Ao 7]z3te] 7
ug o 4AA G4HeE ABTS'E 600~750 nme] oA #A3t 545 HoFH o=z
A B3 EMoz HA SAHE 4+ Ut o]ﬂ%?‘ﬂ 7= o] &3l ABTS 4L =43 A}
DPPH Zztst mpz7bA 2 Z2 2 &4 357 371855 240 F7hstsith(Fig. 23).
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Fig. 23. ABTS radical activity of water extract from black yam. S: Slice, N: No slice.
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Mgt &4

(7}) DPPH radical &A%

AAFAS FHo| AME-E DPPHe M3 Afatt|ZE A 17@ H FFA7ER Q)
S17nm F-ZoA i F+E YERH, A3 B€ F4F o™ 517nm F2dA4 F3E7)
Fast7] Wil ZF FEENA old LS FAA Hur FHA7I= Tl AW =&
sitsl 4 2 ZALAE ¥ ES o2 oz diste] &2A 48 7 5 en dA
WolAl &4 gz 93t =32 dAstE FERZE o]&E 4 vt DPPH radical 2A%

< FA3% Ay x3 F FE2EFH A E A 2 49 gt SUHESE DPPH
radical 27 %] i—'iﬂ] Vet e ™ No sliced] B¢+ 4% sampledl A, slidce®] 7A-$-ol= 53k
=4 VeSO (Fig. 24).
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Fig. 24. DPPH radical activity of 70% EtOH extract from black yam. S: Slice, N: No slice.

(\}) ABTS radical 2H%
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Fig. 25. ABTS radical activity of 709 EtOH extract from black yam . S: Slice, N: No slice.
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(7}) DPPH radical &A%

DPPH= P43 ARtz zA A9 ¥ #5372 A8 517nm F2olA Ao F5AE
Vel Y, AR} 2= $£4S do™ 517 nm F2A] TFE7F T4 8} | rﬂhoﬂ Jr FZEE
A ol# 3l gl Zd-S AT AV A TE 8o 2d MAaE

23 o2 oo sty &A E4e
=32 AAsle HAERT o/&F F gtk FF AAEFES O]%—}Oq 1,000ppm %:E | 4 DPPH
radical 2ASE 533 27 3 AAF FE5F 7H9 DPPH radical £2AF2 Zo|7}t gle
Aoz e tH(Fig. 26).
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Fig. 26. DPPH radical activity of extracts from black yam.
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(\}) ABTS radical &A%

ABTs9} potassium persulfateE Gaol] W
of 93] ABTs o] &A% ] radical S A
Ehfle] ABTS 2 &7 848 Z3E = vk ABTS & 600~750nme] EelA 3k F
HoFn o2 3] £33 42 g4 4T + Uk ol21d dE o83t 1,000ppm
FEAA BF AAFE FE2E9 ABTS radical 24%5S 533 27 & 3259 3% Al
= °18% FrHAIF Hlsl HxzrtE o]83 SFkAES ABTS radical £7A5°] 28 B =

A Vet (Fig. 27).
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Fig. 27. ABTS radical activity of extracts from black vam.
sAul->Eul AuLE o] g3l FASATAL AN I,
Aznl->E0k Az0E A4S T 245434 A o,
Control: S B SAAGS 7AA &2 Axrh
(h 5% 544
34 AAE 35 BAHL 24T AW, A DE SeAEDY Azxelz BE SeAE
BT =7 FUHETE fosHA g5 EA ol EolAlE LS & UrHFig. 28).
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Fig. 28. Ferrous chelating effect of extracts from black yvam. A Water extract, B: 70%
EtOH extract.
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(7}) MTT assayoll 93k ANE=A

Zrl FEE0] gy Ee] 548 53 dF v/l 2 Al JteAE wiAs e =3 3
A 8% WeE 4Asy) S8 MTT assayE AA3ATH RAW 2647 M Eo] Zn} 2252
UehtbAl ekkthFig. 29, 30). 30l F&E 9]
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Fig. 29. Cytotoxicity of water extract from black yam in RAW?264.7 cells.
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Fig. 30. Cytotoxicity of 70% EtOH extract from black yam in RAW264.7 cells.

(1}) Nitric Oxide(NO) A= =3

b FEE0] AT A HAE dTFE ALY fdst] WA Zwu FEE] RAW
264.7 MEAA LPSZ FEF NO A rlA= dFS ZASIAS. LPSE =¥ NO 44
of g Aslss ZAG dol AsiE A eFkrh(Fig. 31, 32). ©
B2 R $424L B34 4L It g9 FAdE A9t gitE AL BoFErh

T
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Fig. 31. Inhibition of lipopolysaccharide (LPS)-induced nitrite (NO) production in RAW?264.7
cells by 70% EtOH extract from black yam.
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Fig. 32. Inhibition of lipopolysaccharide (LPS)-induced nitrite (NO) production in RAW?264.7.

cells by water extract from black vam.

FTARTTE SHEFE o T AL~63 TA B3 S3TFE 7R Sk Axg 574
ARFTAZ 7 SIS E B (lightness)E& UERlE Likol gaste 3FE B dix
7b 7V sk, SRS S ‘ovlt A & 5 AT A (redness)& LHEF

= azke A9 Uzl 187 MY we e HYon 1~63 =2 2

ORI I O T

£32He AR
ol =13l 2=o] Almglo] 7~8Ho® UFEP/H:} =3 Al (yellowness)S YERRE bate
ZFo A 889 Fe B, 1~63 T4 2 £AHFHE AR Zrks 17~229] HLZ YE}
HTable 5). & AAEFY Hze 42~63 T2 2 S4F8E AN Srakeh v|=3tA

(Table 6).
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Table 5. 1-62F S24 & =4 F48& AR Jrkd] A=

Z2}3 < L* a% bh*
control 83.0+£0.35 1.8+0.05 8.8+0.27
1 67.3+0.22 7.0£0.06 175+0.21
22F 69.1+£0.16 7.3+0.05 21.3+0.09
32F 63.2+0.31 7.8+0.03 22.2+0.09
47 59.1+£0.16 7.4+0.03 20.4+0.09
52F 55.4+0.09 8.0£0.10 20.1+£0.20
62} 55.8+0.53 75+0.12 19.6+0.13
Table 6. 27 A AFo HE,
Sample L ak b
Ayul->3ak 00.47+0.00 10.21+£0.01 23.46+0.01
A Zw->2m} 52.96+0.01 7.97+0.00 19.59+0.01

(10) EFrkdE 717184

o
A B =4 3484 A% Zrt sample § 57 sample T AAIFS] Eelds FFS

[}
7IE4e A E4stsle® 21& Table 77 2.

Table 7. 77124 x4,

Requester Condition

Column ACE5 Phenyl (250 X 4.6mm id)

Gradient elution (90min, Linear)
A/B=9/10 - 9 / 10 (2min)
A/B =9 /10— 80/ 20 (20min)
A/ B=80/20—- 55/ 45 (40min)
A/B=5/45—->0/100 (60min)
A/B=0/100— 0/ 100 (70min)
A/B=0/100— 90/ 10 (80min)
A/B =9 /10— 90/ 10 (90min)

A 1 98% water, 2% glacial acetic acid in 0.018M ammonium acetate
B : 70% solvent A, 30% organic solution
Organic solution : 82% methanol, 16% n-butanol,
2% glacial acetic acid in 0.018M ammonium acetate

Mobile Phase

Temperature 25¢C
Flow Rate 1.0 mL / min
Injection volume 10ul.
Detection Absorption (320nm)
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Fig. 33. Analysis of polyphenol of water extract from drying yam by HPLC (control).
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Fig. 34. Analysis of polyphenol of water extract by HPLC (53} sample).
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Fig. 35. Analysis of polyphenol of water extract by HPLC(A n}—>3-n}),
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Fig. 36. Analysis of polyphenol of water extract by HPLC(AZnr}->3Zn}),
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Fig. 37. Analysis of polyphenol of ethanol extract by HPLC (control).
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Fig. 38. Analysis of polyphenol of ethanol extract by HPLC (53 sample)
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Fig. 39. Analysis of polyphenol of ethanol extract by HPLC (An}->3-n})
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Fig. 40. Analysis of polyphenol of ethanol extract by HPLC (AZn}l->3Zn})
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Table 8 Zn} 29 F&24§.

Water Extract 70% EtOH Extract
Azl A->Fn A->3Fn Enpx @dzxep A->30p @->3np Snpxg
F255 ) 22% 20% 14% 21% 16% 14% 8% 12%

(2) Ed9s S E IFF
zovE BEYFS 7 2}
God AAE FAE AHez B t&—% %x—izi UNEY ﬂrw WE 22
E dz2 =A% Hd3 E

=

= <3
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l‘N _1])1.
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Fig. 41. Polyphenol content in 1 g of water extract from black yam.

(3) DPPH radical &H%

DPPHE 0&?3?:5} x}%ﬂﬂﬁiﬁ R4 ¥ FHAZERE A 517nm EZONA HAY FFEAE
el ™, 2t FE2E0A oleldt guzs SUATIAY AlA7le sEo] IH 2 FAks)
g 2 NALE HES OE giofZe) st &A 48 7t & Jdom AA WellA]
24 ez 93 =38 oAste FEEE o8& F Utk A MES o83t 100~
5000ppme] st w22 7 ¢ A 20007 5000ppme] AFZAAM = MEHe AoVl =
A AT 500ppmel A &A1 Ax} Sep xpe] iakstgo] 453 =2 AL & F AvhFig

42).

=
=T =

Sample concentration(ug/ml)

=

NDN0O
OOOOOO
T T T I I |

DPPH Activity(%)

Asterss

Sample concentration(ug/ml)

Fig. 42. DPPH radical activity of extracts from black yam tea.

- 146 -



(4) ABTSs radical £2A%

X 100 7
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Fig. 43. ABTS radical activity of extracts from black yam tea.
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1

nl= W3R 6l E(Dioscoreacea) 2 b=, B T 2 AU, ofdtl XY 4y EX
3t v ttdA WZAEZ A (Ahn et al, 2005 Kim et al, 2006), =WolA= D. opposita
Thunb ®X D. batatas2 EFEHE 771 F2 AujE gt o]59 Aoty 435 o
AE 3T saponin, tannin, polyphenol, allantoin, uronic acid, chellidonic acid, sitosterol,
mucin, araginine, yonogenin, kryptogenin, diosgenin 5 T%3r A ZAEAES X5t @
o] AA71E4 AFEAER QBT UYth(Ahn et al, 2005; Han et al, 1990). Fl= ZH2HE
Astad, gy, d7 sl AZdEHEL A5 A, FEAWC] &, I9 2 i S
g4 Fo] RauFo em(Kang et al, 2008; Kim et al., 2009; Kwon et al.,, 2003; Kwon et
al, 1999; Kwon et al, 2001, Lee et al, 1995), §43% LS ©& #F 3 g &of
ATFE Faste, Ark AAdH] i 2 2w, FafiRkA|e] tidk AFE FF L JTHRyu et
al., 2007). 3 2 AFEHAAE A, Arke F7rE0 Aggd gA4E& S g, dakst
2 gEH F4E Hrtste Ant FEEY 75 AT, FEH 2 FgAE 248 Bad vt

ATHKim et al., 2009).
FARE v A= K, F A=qEo| HElH
BAA A GA ol "olA FAHAE A} WAL H
1

¢

50008 A%l mirt AAET glon, dodAE Aukel 2,000~2,500 B H=7F Aty n
JATHKIm et al, 2008). 2} FoARE =5 AFAGFFNAR Y AFLAER JAHHA F
st A ol&o AL e, ko] FARE o] gAd= Ant AL ol&ste ARG
FE7HA] 1de] o 2aFHE BEAZ AJ8, 5 =8 A Rstu #HU|EHZ s dAo
k. AF7HA FoiAtel] g A7E A AAHCZE nustH, Joxte] ZWulg g £3}, o

of W& te iAW I Wl g AFgre] dFHo 7 o]FolH $hth(Ahn et al, 2005).
A2 B AFHNANE JoAgX2HE 5% phenanthrene 3}TES £ 5}, 6,7-dihydroxy-
2,4-dimethoxy phenanthrene€ X Fsle o529 AT A4S BRud vf 9glom(Kum et al,
2006), B AFEHe IT &4 ol FoAAY ® gE A|gdo] Rad AL glth. 1y
U, AE S5 AFors L AEE Artel nit A2 JARE 4§ 2 Fgoz A}
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Table 1. The used microorganisms in this study.

Escherichia coli KCTC 1682
Gram negative bacteria Proteus vulgaris KCTC 2433

Salmonella typhimurium KCTC 1926
Staphylococcus aureus KCTC 1916

Gram positive bacteria Listeria monocytogenes KACC 109550

Bacillus subtilis KCTC 1924
Saccharomyces cerevisiae TF0 0233

Candida albicans KCTC 1940
Botrytis cinerea KACC 40574

Pyricularia grisea KACC 40414

Fung! Rhizoctonia solani KACC 40101
Glomerella cingulata KCTC 6075 Collectotrichum
gloeosporioides KCTC 6169 Phytophthora capsici KACC
40157 Botryosphaeria dothidea

v A A

Ao ALE3E JAR AIEE 20061 112 HE UgdFolA £l BHeHZ o|EAL A|A
sk & T <F 03 cmZ HYSta, o|F 60CA #dF HEAA AT, FoA AlE=
e n AEFFUe] RuEo] JoHAEHIT: AQ8TH), FAY FEFTHFS T0.0%E,
nte] 283 2(70.3%) 3 FAFSFATHKIm et al, 2009). #le& F&E ZAES 9 Ax 9
2+ 10kgoll 20L9] ®E&g 715} “ioﬂﬁi 24174 33] FZ3 T ol %, FEAL filter
paper (Whatsman No. 2)& AE & 60CoA AL HAZF] 2AFAL oln) FEESL
1.05% (w/w)E e, mlo] HEE %%‘% L1%(w/w)et ARSI THKIm et al., 2009).
Hes FE2E2 o d=s §, 4 ddotAgelE 2 REgg o]&sty £aydor &

P ke

Moz gehazste] 2uy stk 47 A=

il

TER 3 Aste g g4, dEd 2 ¢ ks 2449

B7IE 938k thrombin time(TT) 34|, 832 AT € &< oF
HE AstFem, Y T A 4TolA] 5000 g2 5&

st €4S EdEsta WE :} JEl 2 BEsiHem (4l

=

AL A=Zd dF) BaA AL
oA ekl A8t 718 AR Sigma Co.(USA)9 AFE FYst AMESHATH

FARte] g FE2E 2 o5 EHEY I FHE Uty A AMES MT, R
52 Table 19] YeERSTh AT, A7 2 gzdo] &4 Hrts 7]
Fo| B3k wriy FUsHA ARt e ™, Zhz; Nutrient agar (Difco Co., USA), Sabouraud
dextrose % Potato dextrose agar(Difco Co. USA) X E o] &35} Ztzte]l Alg SulE:
disc-paper(X & 65mm)oll 7}ste] ASARFY Z7E A5t HIFsEtHSohn et al,
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2008). zT2+= A TA Q] ampicillin® % 7 #]2! miconazole(Sigma Co., USA)S Z+7Z} 5
ng/disc =2 A&t eH, AgAA G| AV|= SAer Aol e ge FE A
54 mm B2 FASYL, 33 o) Hrt = Ui 272 JeER ST

A 4L A5 TTE Aot Hristlen, EER A @42 7|&9 BEast
Amelung coagulometer KC-1A(Japan)E ©]&35te] ¥ SuA7HS A5l Hristdoh
(Singleton et al., 1999; on et al, 2008). 37ClA 05 U E&HI(Sigma Co., USA) 50uL <}t
20mM CaCl, 50 uL, kst w29 AlE FZF 10uLE coagulometerd] FHo Eﬁt}o}@] 28
T EREAIZ 3 8 100uLE HUESE & "ol S E wrkR 9] AHE St o,
HzTege o239 " (Sigma Co)s, &l %gi_ DMSOE AH&-3t3dth. MSOA
o 33.0%9 FIAZE YERfeH E
& YeER AT

(3) &itsl &4 7t

FoAze HgE FE2E B old EBEFES kst #4942 DPPH(U,1-diphenyl-2-picryl
hydrazyl) radical &A%, superoxide dismutase(SOD) FAFEA 2 3" SHo o3 HUt
a9tk WA DPPH 2A%9 ¢, s 5 g% AlE 20uLol 99.5% ol g2l &3]
A7l 2x10° M DPPH €9 380 uL& ¥x Ei%o}oq 37°CollA 308 &< ¥-EAIZ F, 516nm
ol A1 microplate reader(Asys Hitech, Expert96, Asys Co., Austria)E Al&3le] FFE=E =4
3ttt 2T E = butyl hydroxytoluene(BHT), vitamin C 2 vitamin E(Sigma Co., USA)Z
AHg-8H9th DPPH free radical 7% AZ3H7b7} Hl?‘éﬂ?ﬂ MESR BASIRLH,
ICoe 50% 2ATS UYEile 52 A, HF A7 33 Sz FaEX=E vehd
ATHSohn et al, 2005). SOD FAFEHA 7= superoxide®t ¥HE3le] ZWHEZAS "=
pyrogallol AEAFE S SFAE= Marklund®t Marklund(1974)9] ®-& HE 31 (Oh et al,
2008) A5ttt & A58 0.2mLel Tris-HCl buffer(50mM tris, 10 mM EDTA, pH 85)
3mL$} 7.2mM pyrogallol 0.2mLE 7}sta, 25Col A 10E7F ¥F3A) 71 & IN HCl ImLE ¥H%-
S AAANZ F, 420nmA A FFEE FF }9315} SOD #AMEAS A E A7 F37ben
o FHE=HZ Jepdtt 3 #9498 Hrle Oyaizuse WHE ¥ FH3AHO
et al, 2008). olgtgd] £33 A5 25mlLel 0.2M sodium phosphate buffer(pH 6.6) 2.5mL<%}
10% potassium ferricyanide 2.5mL A7kstar 50TCelA 2087 ¥ESAIZI & 10%
trichloroacetic acid 2.56mLE F7}ste] ¥H&E& FESHL 4000rpmell A 10E37F A4
AL gt 58 AFde FRTE 28 FMF T AMSA =A
chloride 94 51 (v/v) B[ &2 E&3tL 700nmolA FF=E FA st H7t
TE2E BUTE ARSIt SOD frAtRd 7h 5L &9 Hrhd¥e 33 wsded & 3¢
7 #HaE JERf it

g:

|

4) 71eF &4
Z flavonoid® S = (Sohn et al., 2005)) wz} At ow, zt
Zte] A|BE 1847 HEre wwk F&E oqﬂr; ZZAN 400uLell 90% diethylene glycol

lN'
o
flo
N
I
o
f
2
II,
EE



AmLE FH7bskal oAl IN NaOH 40uLE ¥ 37°C°ﬂ/‘1 1A1ZE BEg & 420 nmoll A FEEE

ZA39t. BEF Ao 2= ruting AFEEYUTE. & polyphenol S F& AN 400uLel 50
uL9] Folin—ciocalteau, 100uL9] Na:CO3 E3Z}-EN S Y AL2oA 147 W3 & 725nmeoll
A EFEE =AY THSohn et al, 2008). BEFA| O 2= tannic acidE AT 29 A
2ol AL phenol-sulfuric acidd<, $9F AHFo HAos DNS HHE o] 83519 HSohn
et al., 2006).
3. A7Az

7 G Hge FEE ZA 2 o34 fr]8 EEE ZA

FARF 40 kge AE F A2 Axst Ax AlE 120 kg= Zsigiod, o F 10
kgs o838t MEE FEF 106 g& ZAGAHFEE 1.06% w/w). HES FE252 o3
A 293 23, 4, ddetHolE, Fae £3E 3 8 IR0l A4 1748%, 5.29%,

7.06% 2 68.24%% —F:QEJ?;IEHTable 2). ol ®mt FEEY EFo]l ZzZ 765%, 17.52%,
7.26% 2 66.71%<% HE nH3H(Kim et al, 2009), <% Hee FE2F 94 uFe 58
A RS FREE eS¢ F Yo FEe B8 58 94 rlo AS 7.26%9} o9 f

Al a8y vk FE2E9 94k 2 o HolAgle ) 17.5296¢1 A8

)

=
[e]
AR
E R R
=
=

Table 2. The organic solvent fraction yields from methanol extract of aerial bulbils of

Dioscorea batatas Decne and composition of the fractions.

Content (mg/g)

Extract/ Fraction yield :
Fractionates (%) Total Total flavonoid Reducing Total
polyphenol sugar sugar
Methanol ex. - 60.60 16.4 58.3 174.2
n-Hexane fr. 17.48 12.63 32.1 31.8 371.16
Ethylacetate fr. 5.29 27.48 70.1 38.6 615.5
Butanol fr. 7.06 17.18 34.2 73.6 116.1
Water res. 68.24 4.03 1.38 56.6 121.1

W A W FE2E 2 f718W Eed ¥F 24

# ampicillin® ZF$, A
=

gl AHEE 6% Ao tis 25
iy 17 AQ1 miconazole®] 735 C gloeosporioides& A< 3k

C
albicans, S. cerevisiae 2 A& WA FFdolo ddl s &S YENIATH(Table 3). ¥
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ARte] e FEEL2 500 ng/disc F=oA S, typhimuriumol= 73 dd38S YERS S
W, S aureus 2 B. subtilis®l WIAME Fzd o] Yetem, 1 99 APFFoA=
g eo] I E A &gtk ol mhe] Mg FEEY I 4T FASHY, v FE2E F
4 S aureusel= BE VYEA e ATe FEEAG AA FAAY Age FEEE
ofye}, 4t & oHolAHOIE BHE HAl S aureusol 53 I &S YERA b}
(Table 3), 7t F2& ¥ o|9 EFFAc YeEA & AR g 5402 Aod
o},

EHE FolAs, A 9A| vt FE2EY 5T LS, A4 2 ol HolAH o|E
FoMe MRty or 53 AT Edo] UEgen, AR FEEAA KRG 27
7b ARt o g Hs A UEEH AR EFA, FoRtedA E® 6,7-dihydroxy-24-
dimethoxy phenanthrene®] YEME= &3 &4 (Kim et al, 2008)2 e }A] k& v} o|=
Mgl A9l phenanthrene 3+gE F=7F "¢ WS oudt. & IAFES B, vk F
59 E TYHEY FYSHA AT ¥ T o] A YEhA] &skn. ol d A=
FAA7L, Akl A st A2 FARSE FEEHES AL JdSE VERAT

J

Mo
|at
Hu:

=
—_

P

Table 3. Evaluation of antimicrobial activity of methanol extract and its organic solvent
fractions of aerial bulbils of Dioscorea batatas Decne against different pathogenic and
food-spoilage bacteria and fungi.

Clear zone (mm)

. . 1 NI Aerial bulbils of
A ™M eria
Microorganism 6 rl?g%/ 6 ulg/ Dioscorea batatas Decne
disc) disc) M. ex. ‘H. fr. °EA. fr. °B. fr. "W. res.
"BEC 23.0 o - - 9.0 8.0 -
Gram PV 325 - - 7.0 105 - -
negative
ST 33.0 - 16.0 14.0 16.0 85 -
SA 19.0 - 8.0 105 135 - -
Gram LM 28.0 - - 105 13.0 - -
positive
BS 275 - 8.0 105 12.0 - -
sSC - 29.0 - - - - -
CA - 275 - - - - -
BC - 28.0 - - - - -
PG - 40.0 - - - - -
Fungi RS - 32.0 - - - - -
GC - 18.0 - - - - -
CG - - - - - - -
PC - 345 - - - - -
BD - 32.0 - - - - -

'AMP: ampicillin: "Mic: miconazole: *M. ex.. methanol extract of aerial bulbils of Dioscorea batatas
Decne, *H. fr, "EA. fr,, °B. fr. and “W. res.. hexane fraction, ethylacetate fraction, butanol fraction
and water residue of the methanol extract of aerial bulbils of Dioscorea batatas Decne, *EC:
Escherichia coli, PV: Proteus vulgaris, ST: Salmonella typhimurium, SA: Staphylococcus aureus,
LM: Listeria monocytogenes, BS: Bacillus subtilis, BC: Botrvtis cinerea, PG: Pyricularia grisea, RS:
Rhizoctonia solari, GC: Glomerellacin cingulata, CG:  Collectorichum  gloeosporioides, PC:
Phytophthora capsici, and BD: Botryosphaeri dothidea. - : No inhibition.

The concentrations of methanol extract and organic solvent fractions used were 500 pg/disc,
respectively. The clear zone: included a size of disc—paper (65 mm of diameter).
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=

o ol Mge FEE 2 4714

g9 Fdd 24

S
i

24 EzTE AHEE of~d e 15mg/mL F=oA, &0 thZ2FZ A&E DMSOC] H
3l TTE oF 3] THA03.02)AIA FHAAZY] A4S EAT & YT (Table 4). FA=}
A, HEE FE2E FH$, 48mg/mL FEA ofxAy# 15mg/mL°ﬂ A gstes 929x9
TTE Ve, 53 Fdd 84S UrEhH;’iEP TEES Afos ZAEs A G0
A B o)A vhERG Bl 48 mg/mL =4 300% o] E%‘ﬂ E}?JQ el e n, 24
mg/mL FENHME 6722 YeRAAT. 1% nko] AA FEHe Ao vmE w 4u] o] o]
e 3t ZAdo|n, olavlel qdAA B oF 35% B AFEY. FoAR FEE oA B
g Eo| rt FEE vld FHo=Z 2u] o] olfﬂl ZEs g g4 Iy
oqu ok BEHELS FHHAZAY o] rhestE et dREHH, A HEZ HATL

Table 4. Antithrombin activities of methanol extract and its organic solvent fractions of
aerial bulbils of Dioscorea batatas Decne against human thrombin.

Concentration (mg/mL) Thrombin time (sec)
DMSO 33.0+0.8
Aspitin 1.0 84.7+0.4
1.5 103£2.9
Aerial bulbils of Dioscorea batatas Decne
1.2 33.9+1.4
Methanol ex. 2.4 48.7+2.2
4.8 92.9+4.7
1.2 36.2+0.7
Hexane fr. 2.4 67.3£2.8
4.8 > 300
1.2 31.2+1.2
Ethylacetate fr. 2.4 52.3+2.0
4.8 73751
1.2 31.0+£0.8
Butanol fr. 2.4 349+14
4.8 44.6+3.4
1.2 29.4+2.1
Water residue 2.4 36.7£2.1
4.8 35.2+1.8

g} g mee FE2E B 718 8= Fits 24

F2E 9 olo EIE 33l BA4HS DPPH 445 E H73 A3b= Table 5
UrEhH Atk WA vitamin C, BHT % vitamin E¢] ICxE<& Z+zt 152, 186, 2 35.6ng/mL
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vEhfjo] 73 DPPH &A%l VeSS oAt Hgs FEE-2 376.3 ng/mLé ICsx
el o, vle] WEE FE2E(1C5-602.2 ng/mL)ET 43 DPPH 4£A%& YeERAAT
(Kim et al., 2009).

BEHE FoAME, vt Fe9 FAEHA cdEotAlg o|E oA 714 ZE S DPPH 4 A
5ol FAFATZ(AC5=38.1 ng/mL), ©] HA| vt oHolHHoE B HET &F 1/2 F4H ICy
(vke] 739 80.5ug/mL)E WERNATHTable 5). ol&, FAte] o HolAHo|E EEo| nt9

TR

I BYEYG Addez =2 F EYdE 2 F ZETolE FHFH(Table 2)7 #HE AL
2 F5HT 39 Aus FEE 2 449 Eg9ES ﬂ%’%oi SOD fAFEAS 43 23
BT T AR @AY FIL vEoy, B IAREHN FEE EEES wG ofg 2
& YERTHFig. 1). 7k B¢ TL3HA o %O}H]Eﬂo]i A 7 3 FAd ol
Uelgor, i EHE MEge FE2EE o2 Ao Ve, 77 0.83mg/mL F =0l A]
et E o] E REo| 77.22%, st BFo| 469%, WEE FEF % 35.8%¢] &/3& e
Aot AxzF2 AFEE vitamin C7F 0.18mg/mL & XA 58.8%< &4-S el A3 w|wst

o, odolAHolE, dAl ZEE ¢ Hed FEEL 22 vitamin C9 36%, 34% 2 23%¢]
Gt Sl

Z, @A FE2E9 SOD AL mhet fAbsh,
Fo Ao @GR}t 53U THTable 2). 4 HE& %
A=EE s F9E Fig. 2.9 VJeEh Aok g xz=+<
FEE Uehfo] ZE3d gdE s vEp i %%%

2 2IHE #4982 T HH s
giol F7t A ZAA 7Y AEE 24l = 7&%%@1/‘1 7 meFst &g ol
UElSth BHTS 483 vad 35, e —}é%, 2, cddotAlElolE, REHe £3E

2 B ARES Zb7t 31.6%, 69.6%, 59.4%, 23.8% % 13.5%=2 JEMIATHFig. 2). ol #l¢]
F2E 9 B3Eo 9o TY xHNA Z+z 35.7%, 734%, 82,7%, 27.8% = 20.2%0 A
W FAR= np) 7R S48 Ao 53 98-S vERd

(Kim et al., 2009)%} v]ws}
B B 5 9tk ol Az %Hg:} 80l AT A= G A2E BELA )
1 =

AT, BEA W gras g4 T
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Table 5. DPPH scavenging activities of methanol extract and its organic solvent fractions

of aerial bulbils of Dioscorea batatas Decne.

Aerial bulbils of

Chemical/ __. = . .
extract/ Vitamin - Vitamin 'BHT Dioscorea batatas Decene
fractionates ¢ = M.ex. H. fr. EA. fr. B. fr. W. res.
DPPH

scavenging 15.2 35.6 186 3763 1809 38.1 161.4

activity +296  £512  #405 +£32.18 #2477 £582  +32.14
(ICs pg/mL)

'BHT: butyl hydroxytoluene, *M. ex.: The abbreviations used are the same as in the Table 3.

> 1,000

100
80 1
9
2 604
=
©
©
O
X
=40 A
[m]
o}
()
20 1
0 f T T T
0 400 800 1200 1600 2000
Concentration (ug/ml)
@®: mcthanol ex., ©O: hexane fr., V: ethylacetate fr.,
V: butanol fr., B water residue and [: vitamin C.

Fig. 1. SOD-like activity of methanol extract and its organic solvent fractions of aerial
bulbils of Dioscorea batatas Decne.
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2.0

0.5

Reducing power (OD 700 nm)
o

0.0 T T
0 200 400

Concentration (ug/ml)

@®: methanol ex.,, ©O: hexane fr., V: ethylacetate fr.,
V: butanol fr., B: water residue and []: butyl hydroxytoluene.

Fig. 2. Reducing power of methanol extract and its organic solvent fractions of aerial
bulbils of Dioscorea batatas Decne.

n}, gz} FZE9 hexane @ ethylacetate 239 JAA NAATF Ao

A A Aoz E AV Ha e A U] 7,
of ™t mf AR AlofrtsAdel i HESIHTH A
Candida species 2 Candida T5< Table 6] Ve AT}

FAA WA Candida species
o AM&-E thekst Al A

oot Jm
ol
o {

Table 6. Candida species and Sacchromyces cerevisiae used in this study.

Yeast Antibiotic resistance (mg/mL)
C. albicans CCARM 14020 'AMB (0.5), FCb (0.5) , FCA (1.0), ITR (0.125), MIC
C. albicans CCARM 14021 (1.0)
C. albicans KCTC 7270
C. albicans KCTC 7965
C. albicans KACC 30003 MIC (1.0)
C. albicans KACC 30004 MIC (1.0)
C. albicans KACC 30062
C. albicans ATCC 10231
C. kruseis CCARM 14017 AMB (1.0), MIC (1.0)
C. gillermordi CCARM 14018 | AMB (1.0), FC5 (16.0) , FCA (16.0), ITR (1.0), MIC
C. tropicalis CCARM 14019 (1.0)
C. geochares KACC 30061 AMB (0.5), FC5 (05) , FCA (1.0), ITR (0.125)
C. saitoana KCTC 41238 AMB (0.5), FC5 (05) , FCA (1.0), ITR (0.125)
S. cerevisiae TF0O 0233 AMB (0.5), MIC (1.0)
MIC (1.0)

'TAMB: Amphotericin B, FC5: Flucytosine, FCA: Fluconazole, ITR: Itraconazole, MIC: Miconazole,
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zAE v oA FEE 2 o]y {78 EIHES o] §3te] thd Candida ol g
St A A= Table 79 2Tl W& 7215 miconazole ¥ amphotericn BE AF-&3}
Ao, 7965 Z H]EI A 45 IAA lug/disc FE=olA AL YERNATLE Z2#
FAA e FEE

2 oole] Al oHotAHoE £8E 7o EE ol s AFAAE
Yeb Atk meba ofs Al 9 odotAlHolE R FAA HAE AdEF Ao TheAds
AEsEAT
Zkzkol HAl 28 2 ool HolE £ o AS5AATS Ao, s 75
of that M2 & A7 ASAABES v F AAT A" HE A=
n] B8k 6,7-dihydroxy-2,4-methoxyphenanthrene©] &<1% o] tHFig. 3, 4).
6,7-dihydroxy-2,4-methoxyphenanthrened] 2%+ tst Candida FAAA WHAATFA s
S 84S Hristdok. 2 A3 6,7-dihydroxy-2,4-methoxyphenanthrene& THF3E kA A
WA gFed el 3 T E4S UERH(Table 8), MICE 25~50ug/mLE &= {TH
ol#&]3t A= 6,7-dihydroxy-2,4-methoxyphenanthrene®] ¢33+ s+ A WA Candida species
o] A7t 7hs3e AASL ATk

1

Table 7. Anti-Candida sp. activity of the methanol extract of aerial bulbils of Dioscorea
batatas Decne and its organic solvent fractions against different Candida species.

Strain Clear zone (mm)
No. MIC' AMB’ M. H Fr. EA. B. Fr.| W. Fr

Ex’ Fr.
Candida 7270 28.0 16.0 8.0 8.0 75 - -
albicans | 7965 - 14.0 75 8.0 8.0 8.0 -
30003 - 13.0 75 8.0 75 - -
30064 8.0 20.0 75 75 75 8.0 -
30062 20.0 15.0 75 75 8.0 - -
10231 - - - 75 75 - -
14020 - 14.0 75 8.0 75 - -
14021 25.0 14.0 - 75 75 - -
Candida | 14017 - - 85 8.0 75 - -
sp. 14018 11.0 11.0 - 75 8.0 9.0 8.0
14019 8.0 14.0 8.0 75 8.0 8.0 -
30061 - - - 8.0 75 - -
41238 - 15.0 - 75 75 8.0 -

'MIC: miconazole, * AMB:Amphotericin B, *M. ex: methanol extract of aerial bulbils of Dioscorea
batatas Decne, H. fr, EA. fr, B. fr, and W. fr : n-hexane fraction, ethylacetate fraction, butanol
fraction, and water fraction of the methanol extract of aerial bulbils of Dioscorea batatas Decne.
The antimicrobial activity was determined by disc-diffusion method and the growth inhibition zone
expressed was included a size of disc—paper (6.5 mm diameter).
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OH MeO

Fig. 3. The structure of 6,7-dihydroxy-2,4-dimethoxyphenanthrene isolated from
ethylacetate fraction of the methanol extract of the aerial bulbils of Dioscorea batatas
Decne.

100 4 < (@ A _ o
£ a0 4
=
!g [T
2 &0 1 L
m
g -
B A0 4
=
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20 -
1 2 3 4 A ] 7 ] a mw N 12 13
100 4 ——{b} - T I - - - el T
£ 80 .
2 G0
=]
v |-
= a0 4
]
D
& 2l
D T T T T T T T T
1 2 3 4 5 B 7 g a m N 1213
Candida sp.

Fig. 4. Growth inhibition of different Candida species by treatmentof (a) hexane fraction

and (h) ethylacetate fraction of the methanol extract of the aerial bulbils of Dioscorea
batatas Decne.
The numbers indicate the different Candida sp.,and the different bars represent the treatment
concentrations.1:C. albicans KCTC 7270, 2: C albicans KCTC 7965, 3:C. albicans KACC 30003, 4:
C. albicans KACC 30004, 5: C albicans KACC 30062, 6: C. albicans ATCC 10231, 7: C. albicans
CCARM 14020, 8 C albicans CCARM14021, 9: C. kruseis CCARM 14017, 10: C gillermordi
CCARM 14018, 11: C. tropicalis CCARM 14019, 121 C geochares KACC 30061, and 13: C
saitoana KCTC 41238. Black bar: 0 mg/ml, gray: 1 mg/ml, and dark gray bar: 2 mg/mlL,
respectively. Cell growth was measured after 24 h cultivation.
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Table 8. Minimal inhibitory concentration values of 6,7-dihydroxy-24-dimethoxy phenan-
threne against different Candida species.

Strain Candida albicans Candida sp.
No. 7270 7965 14020 14021 14017 14018 14019 30061 41238
MIC 25 25 25 25 25 25 25 50 50
(mg/mL)

7270: C. albicans KCTC 7270, 7965 C. albicans KCTC 7965, 14020: C. albicans CCARM 14020,
14021: C. albicans CCARM 14021, 14017: C. kruseis CCARM 14017, 14018: C. gillermordi CCARM

14018, 14019: C. tropicalis CCARM 14019, 30061: C geochares KACC 30061, and 41238: C. saitoana
KCTC 41238.

AL Gzt AR E 9 A E A (6,7-dihydroxy-2,4-methoxyphenanthrene) 2] a¢H&Ad

1

oo
il n,%

o /\P
Jor

ol O_>~L4

°|

LI

Uehliglen, E3] 6,7-dihydroxy-2,4-methoxy
43+ 25 (HeLa), 7Y (HepG2), 2 & (HCT-116) Al
$AA &S YERN AT (Table 9, Fig. 6).

phenanthrene ¢ 7%

=
5 ol gsk A

o B

Phenanthrene Derivatives from the Aerial bulbils of Yam

I Dried aerial bulbils of fhoscoves hatatas (65 ke)
l extracted with MeCH for 3 days
MeCH ext, (1080 )

suspended in BO
partitioned with CHLl

CHLCE ext. (138 2 AQUEDUS layer

— 'par_fi'.'::-n&-i with
e EXOAe, 100-37 [uBudEt
CHChMMEOHHD, 131 ¥ Y
| T n-BuCH e, HOD et
(1625 &)

Fill-3 Frl4  FrDS
clish

PLD6

lelistl clfstl

SJO-1 R1=0H, R2=0OMe ; batatasin I
$JO-10 R1=0OMe, R2=0H ; 7-Hydroxy-2,4,6-trimethoxyphenanthrene
SJO-12R1, R2=0H ; 6,7-Dihydroxy-2,4-dimethoxyphenanthrene

Column: c1; Si0O2 column
Solvent system :
s6; Hexane:EtQAc (9:1) — CH2CIZ:MeOH (91)
57; CH2CI2:MeCH (1000:0-1000:8)
58, Hexane:EtQAc (98:2-9:1)
59; CH2CI2 (100)
s10; Hexane:EtOAC (98:2-6:4)
s11; CH2CI2:MeOH (100:0-95:5)
s12; Hexane:EtOAc (8:2)

$JO-2 R1 =0H, R2=0Me; 6-hydroxy-2,7-dimethoxy-1,4-
phenanthraquinone

SJO-11 R1 =OMe, R2=0H; 7-hydroxy-2,6-dimethoxy-1,4-
phenanthraquinone

Fig. 5. Isolation of phenanthrene derivatives from aerial bubils of D. batatas.
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Table 9. Anti—proliferation activity of isolated phenanthrene derivatives against different
human cell lines.

. IC 50 (ug/mL)
Cell lines SJO-1 SJO-2 SJO-12
HeLa > 100 > 100 396
Cancer HepG2 36.5 > 100 36.3
HCT-116 > 100 212 11.1
Normma MC3T3-E1 ND ND > 100
3T3-L1 ND ND > 100 (442)

into HeLa culture for 24 h.

ARSI G R
g;}‘g“"as A 4{’! 7
| AR, '*.’&?M I

W
e

Fig. 6. Photos of anti—proliferation activity of isolated phenanthrene derivatives against
different human cell lines.

o}, o} AR E 2 FAE 2 (B, 7-dihydroxy-2,4-methoxyphenanthrene)] FA A HE

2458 2 g F4EA] F454 HUky dgoz A HAYET £EEAHS HUMEA
t}. amphoterin BY A9 25 ug/mL EEdA 90% o]Ae £IFFAHL JeERg o)
6,7-dihydroxy-2,4-methoxyphenanthrene®] Z-$¢ 27ug/mL &FZdA= A €3 FAjo] AA
A gFgke ™, 500 ug/mL FEolA 20% mIRke] A7 HEF §EEGS vER ATH(Fig. 7).
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Fig. 7. Hemoytic activity of (a) ampphotericin B, and (b) 6,7-dihydroxy-2,4-dimethoxy-
phenanthrene against human red blood cell.
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g, A7 lymphocyteE /42 6,7-dihydroxy-2,4-methoxyphenanthrene®] FH =4S

Lo =
BV 2™, comet assaydH S AT 2 23} 100ug/mL F=7HA= 5|3 DNA A
GEIIE YEREA] @ko ], 200ug/mL FEAAFRE  Fhe] cometo] YERSTE mEkA
6,7-dihydroxy—-2,4-methoxyphenanthrene®] F+AS5A4% dFa7H7}F JEUE 25~50ug/m &%

oAM= Ao vehtA ozt ddEn(Fig. 8).
.
|

Fig. 8. Evaluation of genotoxicity of 6,7-dihydroxy-2,4-dimethoxyphenanthrene using comet

assay. The concentrations of 6,7-dihydroxy-2,4-dimethoxyphenanthrene treated into

human lymphocyte were (a) 12.5 mg/mL, (b) 25 mg/mL, (c) 50 mg/mL, (d) 100 mg/mL,
(e) 200 mg/mL, and (f) 500 mg/mL, respectively.

2} Gzt dAEE 9@ FAE A (G 7-dihydroxy-2,4-methoxyphenanthrene) 2] &4 7]z}

N

EX

=o] &4#H A phytochemicals®] L&A 717 w¢ oroFsitt. v 71 o

1= x_-] =4
Hu®E 712+ NAG-19 432 £3F apotosis FEo]thFig. 9). B dAFdqAE o= &

A& A (6,7-dihydroxy-2,4-methoxyphenanthrene)©] NAG-1 A3l #oJ =% &5t}

A% AIH(Table 10), 6,7-dihydroxy-2,4-methoxyphenanthrenedp 2|3+ apoptosis 22
NAG-1 @43t} #EEo] 1SS FQlsh
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.) PPAR ligand (Troglitazone)

ERK phophorylation
\ . phophory

EGR-1 expression

PI3K/AKT/GSK3b l

NAG-1 promoter binding (-73~-50) NAG-1 up-regulation ‘
/P53 ATF-3 (p53 independent) Apoptic death
ey

Phytochemicals e Phytochemicals
(resveratrol, genistein, EGCG, DADS) (ECG, I-3-C)

NAG-1 : non-steroidal anti-inflammatory drug-activated gene 1

EGR-1 : Early growth factor-1/early growth response-1 : transcription factor

ATF-3 : Activating transcription factor

EGCG : (-)Epigallocatechin gallate, ECG : Epicatechin gallate

DADS : Diallyl disulfide, CAPE : Caffeic acid phenethyl ester), I-3-C : Indole-3-carbinol)

Fig. 9. Apoptosis mechanism induced by different phytochemicals.

Table 10. Changes of gene expressions by treatment of SJO-12.

HeLa HCT-116
Gene Vehicle  SJO-12 (20 ug/mL) Vehicle SJO-12 (5 ug/mL)
ACT1 1.00 1.00 1.00 1.00
NAGI 1.00 3.18 1.00 30.75
EGR1 1.00 11.55 1.00 0.23
ATF3 1.00 4.89
Po3 1.00 1.97
p2l 1.00 2.96 1.00 2.58
IRF2BP2 1.00 2.07
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HAERE F7|97Y =5 Z12uAY 14, 1/2, 3/4 2 182 2Hsle] 7P 2e] F4
Fe TARSE ZF MSHlA! 2 SHuEj | 338 Z[2EF 1/4904 247 1,929mg 2 1,921mg<
Ho AREEE /4R &ole Ao B F2ld a7 o]UAtH(Table 2).

X W sucrose® FEEHE B 60g/LE H7FSF A$ 2902mgl 2 Ve, dEbF
2 7}74 o] AFRstE X 30g/LAAE 1674mgS BTk e v B 045 Ao

29 15g/LAYAAE 245Tmgl 2 &2 oAt Table 3).
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Table 1. Effects of various concentrations of nitrogen sources on in vitro adventitious root
growth of Chinese yam.

Treatments Fresh weight(mg) of Degree of root
(KNO3s+NH:NOs) adventitious root emergence
1.0 + 0.0 1,161 ¢ T+
1/2 + 1/2 1479 b e+
1.0 + 1.0 1,451 b e+
1.0 + 1/2 1,694 a e+
20+ 1.0 1,433 b e+
1.0 + 2.0 1,506 b +4++

The 100 mg of sliced roots were initially inoculated into 250 ml E-flask containing 50 ml MS
medium with NAA 10mg/L and 30 g/L sucrose. Degree of root emergence : poor(+),
excellent(+++++),

Table 2. Effects of basal salt strength on in vitro adventitious root growth of Chinese yam.

Salt strength Fresh W‘?i_ght(mg) of Degree of oot
adventitious root emergence
1/4 MS 1,929 r
1/4 SH 1,921 .
1/2 MS 1,703 e
1/2 SH 1,692 s
3/4 MS 1,617 .
3/4 SH 1,015 .
1.0 MS 1,736 e
1.0 SH 1,750 e

The 100 mg of sliced roots were initially inoculated into 250 ml E-flask containing 50 ml medium
with NAA 1.0mg/L and 30 g/L sucrose. Degree of root emergence : poor(+), excellent(+++++)

Table 3. Effects of basal salt strength on in vitro adventitious root growth of Chinese yam.

Cone. of sucrose Fresh weight (mg) of Degree of root
(g/L) adventitious root emergence
15 2,457 +++
30 1,674 +++
60 2,902 +++
90 2,110 +++

The 100 mg of sliced roots were initially inoculated into 250 ml Erlenmeyer flask containing 50 mL
medium with NAA 1.0mg/L. Degree of root emergence : poor(+), excellent(+++++)
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NAA 1.0mg/Lel cytokinin® AF=dEZ<Q BA, 2iP ¥ kinetin® =
3Z 59 cytokinin EF 1.0mg/LETH F& F%92 0.1mg/LE &gk Ao
Aol ArHTable 4). 74 EHHJ EEA2ZE NAA 1.0 + kinetin 0.lmg/LAZEA4 NAA
1.0mg/L @=A27F 1,736mg? Aol H]s] E&AZ = 2683mglZ 155%2] F7FIE27E el
WA e 2E 2iP 0.1mg/LE E8AF & AR 244Tmge] F42 4TS BEHrh

Table 4. Effects of NAA with cytokinins on adventitious root growth of Chinese yvam.

Treatments Fresh weight(mg) of Degree of root
(NAA I mg/L+ ) adventitious root emergence
BA 0.1 1,974 b S+

1.0 1,153 d ++
2iP 0.1 2,447 a et

1.0 1,467 cd +t
Kinetin 0.1 2,683 a e+

1.0 1,781 be +t

Control (NAA 1.0mg/L) 1,736 bc ++

The 100 mg of sliced roots were initially inoculated into 250 ml E-flask containing 50 ml MS
medium with NAA 1.0 mg/l. and 30 g/L. sucrose. Degree of root emergence : poor(+),
excellent(+++++)

np 22 ZIHiS F HHY WA EAE Table 5o JEPAATE A4LAL KNOs+
NHNO; ¢ H&©o] 1.0+1/2¢], 7[2AF< MS ¥ SH wjx]9] B¢ 7|IEFE s=EH 1/42 A
gste Aol 714 & F o|Art Sucrose FEE 30g/LETE 60g/LA 87l %5 sl9em NAA
1.0mg/Lete] 9F E&32E kinetin 0.lmg/L A&7t 7b8 &3 2 Aoz vepg

Table 5. The optimal condition for in vitro adventitious root growth of Chinese yam.

Optimal Yield of adventitious
Traetments . % of control
conditions root(fresh wt. mg)
KNO3;+NH4NO; 1.0+1/2 1,694 116.8
MS salt strength 1/4 1,929 111.2
SH salt strength 1/4 1,921 109.8
Sucrose 60 g/L 2,902 108.6
NAA+BA 1.0+0.1mg/L 1,974 113.7
NAA-+kinetin 1.0+0.1mg/L 2,447 141.0
NAA+2iP 1.0+0.1mg/L 2,683 154.6

The 100 mg of sliced roots were initially inoculated into 250 ml E-flask containing 50 ml MS
medium with NAA 10mg/L and 30 g/L sucrose. Degree of root emergence : poor(+),
excellent(+++++)
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Fig. 1. Bioreactor culture of adventitious roos of Chinese vam.
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49 Aom yehl, %9 BE 49 A 2ANAH S

—

Ho rlr
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Table 6. Effects of gelrite concentration on in vitro growth of Chinese yam plantlet.”

. No. of axillary bud Plant height Fresh weight
[¢]
Gelrite (%6) (No./flask) (cm) (g/flask)
0.2 26.3b" 6.5b 2.2b
0 37.0a 11.2a 6.0a

"Five stems having single node were inoculated with three replications on 250 ml Erlenmeyer flask
or square vessel containing 30 mL MS medium and cultured at 25+1°C, under 16 hrs light for 6
weeks. "Means separation in columns by Duncan’s multiple range test at 5% level.

o weeks 12 weeks Microbulbs

Fig. 2. Growth of Chinese yam plantlet in vitro. Five stems having single node were
inoculated on 250 mL E-flask with 30 mL MS and cultured at 25+1C, under 16 h light.

72 AR AFEE MSHIAY Frld TR ok 7l Al tidk RS ARG Ade
Table 73 ZTh B7989 52 7|2ux¢] | HlEE 9L H= JdEIFS dloa Zo]
Av 7 oz S wA ARG QH ob7t 2882 7 WoTh 3 799 =S V&
Ao F oujFe R e We £FAFol Ao FAHEA ke, IR TR WoeR
=% WA= 712 A 4 1.27H Bty g2 30707 @A4HJA. ol8F 2= Shin F
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(2004)0] A &AL ZIHul kel AR iR A Az FAHEo] FES vtor = wjxHT} 7E
EADFE T3 wiAoA EHFHo|Rtte Baet FAsHT).

Table 7. Effects of basal salt strength on in vitro growth of Chinese yam plantlet.”

No. of axillary

Salt bud Plant height Fresh weight No. of microbulb
strengths (No_/flask) (cm) (g/flask) (No./flask)
3 24.2ab .7a 3.0a 3.0a
1 28.8a 7.5a 3.6a 1.2a
2 21.0ab 4.6b 1.8ab Oa

“Five stems having single node were inoculated with three replications on 250 mL Erlenmeyer flask
containing 30 mL MS medium and cultured at 25+1°C, under 16 h light for 6 weeks. "Means
separation in columns by Duncan’s multiple range test at 5% level.

(b 2o] H7

Table 82 mF 7|\ A& o] wvA= sucrose®t glucosed] T EHE FASE Aot
Sucrose 60g-L " M@ olA Hotel 7} 31,070, 2Fo] 64cm, AAFo] 39ge 2 g F 7%
=74 eI, glucose 60g- L HdME 2FAAF7 47702 4 A aAHA A=

e T

Table 8. Effects of sucrose and glucose concentrations on in vitro growth of Chinese yam”

Treatments No. of axillary bud Plant height Fresh weight
(g/L) (No./flask) (cm) (g/flask)

Sucrose 15 16.0c” 4.4ab 1.3b

30 20.3bc 5.4ab 2.0b

60 31.0a 6.4a 3.9a
Glucose 15 12.7¢ 3.8b 1.2b

30 22.0abc 5.2ab 2.3ab

60 26.7ab 5.6ab 2.8ab

“Five stems having single node were inoculated with three replications on 250 mL Erlenmeyer flask
containing 30 mL MS medium and cultured at 25+1°C, under 16 hrs light for 6 weeks. “Means
separation in columns by Duncan’s multiple range test at 5% level.
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(th) AaQe az

2] JellA AAgez FFFo] F NILNO:SH KNOso Aol mE AFZAIE 44
AT (Table 9, Fig 3), NHiNOz x KNOz9] 24 H]Eo] $x4, 1x4, 1x1%0 Zo] thE ol H]
3 Aol 48 Aoz YEGoL, 718 249 1 x 19 #i A et & Hole YERGA &gkt
53], 1 x NHuNOs + $x KNOs oA 39.7702 dols7t 748 BRAR 2 =AM E H 9]
2ko]l7b 2R @FFtHTable 9). ¥FH NHNO; x KNO32l ZAdo] 2x 290 A= dols=7F 14.0
M, 23] 47cm, 2.7g9 AAFTo2 AHF F 7HF *Edoh

o

1x% 2xi 1x1 2x2
NHaNOz:xKNO:

Fig. 3. Growth of plantlets at various strength of ammonium nitrate and potassium nitrate
and cultured at 25+1C, under 16 h light for 6 weeks.

Table 9. Effects of the strength of KNOs; and NH4NOs; as nitrogen source on the growth

of Chinese yam”

NHNO3 No. of axillary bud Plant height Fresh weight
xKNOs (No./flask) (cm) (g/flask)
3 X 3 27.0ab” 10.6a 5.1abc
x 1 29.3ab 7.9abc 5.9ab
x 2 38.0a 7.4bcd 79a
1 x % 39.7a 9.6ab 6.3ab
x 1 3b.7a 6.3cd 4./Thc
x 2 29.7ab 6.4cd 4.3bc
2 % 3% 32.3a 6.9bcd 3.8bc
x 1 33.0a 6.0cd o.2abc
x 2 14.0b 4.7d 2.7¢c

’Five single nodes were inoculated with than replications on 250 ml Erlenmeyer flask with 30 mL
MS and cultured at 25+1°C, under 16 hrs light for 6 weeks. Strength of nitrogen sources are based
on MS basial medium. *Means separation in columns by Duncan’s multiple range test at 5% level.
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dutdo g wjA W dEUote] Hioh Ay dio HE2 Ax B oyl AT AS
o T3 LS ot gRUol Aie wWEAT HEe A7 AAH 2ae A
TG BpFolgtn dHA Utk vkl 7 wjkoll A wiA Aate] ARt YolE Aol
Azl FAEo] w3, GRYME dio @E Hrhi GEUolEs AAdE Al B5F
= TP AYTelMe Az F4EC] Axstes 237 AN (Seong et al, 1993), &
A4d AFeMe e i dEUoty Ao o i vimeA H o2 FEHS
< T AT

(2h plel m7
WA W Fdele FE

Fo2 05 4 F3st

O

ol o3t E9E dolr 7] 98 pH 48~6.8 7k pH 58 7|
HjZjofl m} miojulrS g A3, Holg, 24 AAFT 4
3 BAgelM &4 E EE St atol= JERGR] ¢hkTHTable 10). A &2 ul ko]l ALS

= wixe gubAl pH W F2 55~58 olH, AEAFo)| waba] vjoke] HF3E pH
Hele thefsty, A EF wet fFAEAY 23, 249 A%, el 31 2 AAFe] St
o M= &7l g2 Aog HiFo] gt rvhol mit] wjkdME pH 48~6.8 BAAME
pH 2 {37}t gle Ze=z Hol mls Hud HL HLl9 pHAAME Z Aete Audy &
AT #AVE Aok Az

N 2
B
i
e =

Table 10. Influences of pI on in vitro growth of Chinese yam.”

pH No. of axillary bud Plant height Fresh weight
(No./flask) (cm) (g/flask)

4.8 41.0a" 74a 441a

5.3 50.0a 5.9a 5.81a

5.8 52.3a 6.9a 5.43a

6.3 47.0a 6.8a 5.31a

6.8 66.3a 7.5a 5.97a

‘Five stems having single node were inoculated with than replications on 250 mL Erlenmeyer flask
containing 30 mL MS medium and cultured at 25+x1C, under 16 hrs light for 6 weeks. "Means
separation in columns by Duncan’s multiple range test at 5% level.

(mh Yo & {7

AHEAA YR FE ritjol A 7EA] F S d
e BT AAS A vuolMe U4 EF AAS Fo| A5 AFS A% wi¥a
go] FaHA Ut Table 11, Fig. 4). €& AAS FAHAE= %
HA o] P 233ETE B, dolx AFS TAUWZE 263



Table 11. Effects of with or without a leaf at explants on in vitro growth of Chinese yam.

No. of No. of Plant height Fresh
Explants leaves axillary bud (cm) weight
(No./flask) (No./flask) (g/flask)
Leaf 23.3 10.7 3.3 35
No leaf 38.3 26.3 5.7 6.0

V' Seven stems having single node were inoculated with three replications on 100mlL Phytohealth
vessel containing 30mL MS medium and cultured at 25+1°C, under 24hrs light for 6 weeks.

Fig. 4. Comparison of in vitro growth of Chinese yam with(A) or without(B)
leaf explant.

HgaEsES Adsstr] A8 g rldd b a3 AFgsnt. dFdre FF% &7A
Aol ol FHEL Atol7t Qle 87HAE AME-SITtHTable 12, Fig. 5). wl 67 ol AL
A} V692! Incu-tissue vesseldll A 7HE & dlolE 7} vpgkth. G471 72.670, ot<=7} 31.37H
2 V6ol th2 Hlgg 7o A5 & Aol Bt 1 o AAFT e FAd o] tE
A et Aol7t Atk & = gIUAT, otee] ZALAT| o3 G4k ol FodlA THF
FEo] YW V6L o|F vt AEA ] FAZ 93 AR

_4
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Table 12. Effects of vessel type on in vitro growth of Chinese yam plantlet.1>

Type No. of No. of axillary bud Plant Fresh weight
of leaves (No./flask) height (g/flask)

Vessel (No./flask) (cm)
V1 29.0 13.0 6.1 3.3
V2 375 18.5 8.1 5.2
V3 375 17.5 8.1 4.3
V4 36.3 17.0 9.0 4.6
V5 52.7 23.3 89 5.3
V6 72.6 31.3 9.0 4.8
V7 24.7 22.7 9.1 5.2
V8 32.0 18.3 5.8 4.8

U Five stems having single node were inoculated with three replications on 250mL E-flask
containing 30mL MS medium and cultured at 25+1°C, under 16 hrs light for 6 weeks.

Fig. 5. Various types of culture vessel for in vitro culture of Chinese yam.

(Ah) &xo] 93t

24 A5 um 710 AHE v =2 3 AFL ST wjker 25Tt 28Tl A
o] Hlue ZAE G Aot 2 AAF, AR A5 FA Ao BCHIY L= A3}
=T AL 671A] 2 RFoA 25 CAA R A7 EgA gk £33 2Z 9 AAEFL 7

Zt lem, 1g B9 zpo]E B Y THTable 13, Fig. 6).
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Table 13. Effects of cultured temperature on the growth of Chinese yam plantlet.1>

Temp.(C) No. of leaves No. of axillary Plant height Fresh weight
(No./flask) bud (cm) (g/flask)
(No./flask)
25 41 14 6.9 4.6
28 42 19 7.2 5.6

U Five stems having single node were inoculated with three replications on 250 mL Erlenmeyer flask
containing 30 mL MS medium and cultured, under 24 h light for 6 weeks.

257 287C 24 day length 16 day length

Fig. 6. Growth of plantlets formed 5 single—node of Chinese yam at temperature or
photoperiod. 250 mL E-flask containing 30 mL MS medium and cultured for 6 weeks.

(b 43 4%

ot F ABAe dFg F4e 98 FF71 HF mvE 4¥F A, Table 1494 2ol
24X 7k F AFEl7F 16217 F/8ATF & 2REG Hgo] ¥ AL & 4 gtk 59, 5=
24X 7k oA 897W, 16417 /8417 Fol A STAR F Bl ool Aolrt o, dolE ¢
F3 =Mt 3870, 2302 15709 Fol7k vk FFAFHFE 24X FAHNM B =
ZAE o, Fig. 69 Q8% F 24 Holt ulel go] fto 2w o} Mo S0
TE

7}

(
-

ol = AL & F U

Table 14. Effects of photoperiod on in vitro growth of Chinese yam plantlet.1>

Day No. of leaves No. of axillary bud Plant height Fresh weight
length (No./flask) (No./flask) (cm) (g/flask)
24/0 89.0 38.0 79 4.7

16/8 37.0 23.0 8.0 4.5

U Five stems having single node were inoculated with three replications on 250 mlL E-flask
containing 30 mL MS medium and cultured at 25#1°C for 6 weeks.
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b A=A
ah AN EA ] W A7k Wk Fig. 79 2], §F F 1FRH Yol Uex 3FdE
ol HzEetaze] W Aot Hu, 6~8FE U F77F A4S 2l Wt (Fig. 8). WY

T 127dE F3td I FAE AAFE B F deH, A% 2 Fig 99 B

A, vHH g, A B 23e Ao Ha A g gEes 77 23, 4= vy
Hl %5, 2%%5% F7ket7] Alste] TFRE 100%2 1087F St A d57F A miY
FAME FF 2FFHE 5F74A 48] F7kst 1157 sl @3em, g, v
= 5 23 QoA fARE A i% B3k AAFLE WG 3FFHE 105744 A% S7tst
of 115¢l HuFA 23 e AF F2FFNEH FAHT] AFst 5-8F Aleldl &
A3 F7tete, 11F A F7 P 1% 7HT o)k HES 4" IAAe FAE 565, 10~11
Foll F7H&ol A3 12F74A] F7hstAnh

7NN A vk HEAE FA57] AshAe vhe] Adxzsh dolrt FE3] FrREo|oF Fr} o]
Aze 9es] 2ol B ojvs F1 2% Y E “}01 Zba glojof TR A v
o7t £¥AFo R LFH It HE JHAA HER, R Qs 5] dsiME EES
B2 Joprt dA=H ook It

100

80
€
g 60 r
5 40 —e— No./leaves
X —O0— No./node

20 —— Plant height

—— Fresh weight
0 1 1 1 1 1 1 1 ]

0 1 2 3 4 5 6 7 8 9 10 11 12
Weeks after inoculation

Fig. 7. Changes in number of leaves and nodes, fresh weight, plant height according to in
vitro cultural periods of yam plantlet.
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.

[Bireactor, H{2¥X7]] [Bioreactor, 8FE] Multi-bioreactor Hl{2%EHH

Fig. 8. Bioreactor culture of vam shoots using single node culture method.

35 r 1 4.0
[ No. of microbulbs

30 r —o—Fresh weight l 135
% {130 @
8ot [ 8
5 0 | B‘ 125 ©
=}
el L L/ €
o 120 ©
S 15 | l/ 0
S _;L/ 115 2
5 ot 4
o] i QL
S 1.0 C

51 {05

0 %: 1 1 'll 1 1 1 1 1 1 1 1 00

0 1 2 3 4 5 6 7 8 9 10 11 12
Weeks after inoculation

Fig. 9. Changes in number of microbulbs and fresh weight according to in vitro cultural
periods of yam plantlet.
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28 olgsle] gmjE2S A=Y THFEIg. 10).

Fresh Chinese Yam
[5,6409]

[9009]

Dry at 30C

Methanol
[71.5149]

n-hexane
[3.269]

CHCI,
[0.589]

EtOAc
[0.854]

n-BuOH
[4.629]

Water
[62.2049]

Fig. 10. Procedure of solvent extraction from rhisome of Chinese yam

Table 15. Yields of solvent extracts from rhisome of yam.

A AEF 2 edible part)?} AAF-Sl(bark part)Z TE3I wEe FEH §ujd
ge] e BE, v FE49 s ATy N%#ﬁ% 2% AARS
1L3%E UEiien, &9 s s dF Zol7k WtH(Table 15)

71N v A2 MEsE FE299 ede AT AERAs 14%A5, &)
S| F&2 I A&t Ao FAIATH(Table 16). A F2d £dL 2HAS] 5
TR os) Tkt dlgdes A Tl o

Sample and extracts

Edible part(%6)

Bark part(%)

Sample

Fresh weight

Dry weight

Methanol extracts

Solvent fractions

Hexane
Chloroform
Ethylacetate
Butanol
Water

Total

4,480g (100%)
740g (16.6%)
51.12g (1.2%)

2.59g (5.2%
0.40g (0.8%
0.65g (1.3%
3.78g (7.5%)
43.01g (85.3%)
50.42g (100%)

1,160g (100%)
160g (13.8%)
20.88g (1.8%)

0.67g (3.3%
0.18g (0.9%
0.20g (1.0%
0.48g (2.4%)
19.11g (92.6%)
20.63g (100%)
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Table 16. Yields of solvent extracts from in vitro adventitious root cultures.

Sample and extracts Edible part(%s)
Sample
Fresh weight 1,787g (100%)
Dry weight 156g (8.8%)
Methanol extracts 25.02g (1.4%)
Solvent fractions
Hexane 1.22g (4.8%
Chloroform 0.17g (0.7%)
Ethylacetate 0.34g (1.4%)
Butanol 1.74g (7.1%
Water 20.88g (85.0%)
Total 24.56g (100%)
(2) Az AZIY &g o vA= YT
Fufu) FA o] Ted] WA 20 2 50GyE AHElgk AT vt FEE 10mg/Ls 39T WA
2%t T L3 Mo wAbdS AT Ao A A7 wAEe] FEHEIE ZASIAY
(Fig. 11). ¥ 50Gye nAFHS A3 AEzs FAHY A2y ot F2E5S WA AZ B
F AXEHo| AA3] AAIH, HALA AT 12dc] HIF Fox MEel o] IEIHX
otk 28y vl Ao WHARAQA 20GvE AHE S MEze FAP ) v rl FEES
AAY S A X7 AEgye] 38 £27F w2 YelEthFig. 11). BARAS AH83s 3 12¢
A ATLEE Bl BAMS AEshA] oS FAE AEZ7F 94%, AR 200Gy 5o =

o
At MEZ7F 53% AL, vk FEES WA
< 29

Fig. 125 A4S 283 & 12849 wjkAlEo] A FS
= 23 7 AAFo] 2.7golv}t WARY B0GyE A s ¢
ol AEMNEZE AANHE HEHE HME9 F40] o]F XA &gt FH 20 GyE A
g3 Al AAFL ZT2m F 1.3g0 2 HIAMAS X sHA] & /‘ﬂ_‘]i_( Tg)9] 481% T
S BEYoy r FEEL AYUd T UMM 20GyE AT FALE 18z vERfo] FAHY
o} Hlwste 66.7% FES BHYoh. o] A7z BY w FEES %ii%ﬂl?'ﬂ AZ7F A
2 54 &ge AT RTE 20GyEAMAY 93 A Z ] *M]z AAGA o] oF 20% AAHE AL

HALA 20GyE A3 Al E7F 73%9] &

>
kd

d

oMY FEES AT HiFAZIE HARD A o3 Az AT AAE A
= a7t 9d9A"EY, MeOH F&E-S A n-hexane, CHCls, EtOAc, n-BuOH %

S g s Ed st thEig. 13).
MeOH —?—%%ifﬂ—ﬂ T9E oY FEE T YAMIAG A3 AxdgdT Az AAF
o7 el t(Fig. 13). %§E% i%alé}ﬂ &L

|
g8 61.1% $F& EOJ HJUJ_, EtOAc —P:?M FEES x%aloh HEA}
A 20 GyE i%ahs} MEY AAZEFL 213g, MEEHL 74%2 T8 M X wv&] Zz



789%, 77.9%7A 3EH AL & 4 AU EtOAc £8 F2EL MeOH FEE2 A3
AR WAL G 23k AlZEA 2 AAF JAS OS AAAIIE ALE eyt o] 23
2 Ho} MeOH FZ&E9| WAtA Hd] g4a3E MeOH FEE9 7 ETH EtOAc £3F
o EAste EZY Aoz FAdEH, olite] AFA mle] MeOH FEELS ol v oA E o
A S SAE A AIIE Aok e Ao AP, 1 F BOA BN T2
B 4ol by EoA AoR BT Hed Al SJ% S 9 DNA £9¢ 7
AA 71 =dH A3t 288 dolE 7] 95t comet B4 AAIFFAT
100
Control
¥ 8ot
:; 20Gy+M
5 6or 20Gy
[1+]
S
— 40 |
Q
v 50Gy
20 50Gy+M
0 1 1 1 1 1 ]

0 3 6 9 12
Days after treatment
Fig. 11. Changes in tobacco cell viability treated with y-radiation with or without methanol

extracts(M) of Chinese yam. Tobacco cells were treated with 10 mg/L of methanol extract 3 days
before radiation treatment. Gy means total dosage of radiation exposed, gray.

4 =
)
s
= 37
S~
2
-t
oy
22t
3
<
vi
v
e
] '
T
) n

0 1 1 1 1

Control 20Gy 20Gy+M 50Gy 50Gy+M
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Fig. 12. Fresh weight of tobacco cells treated with y-radiation with or without methanol
extracts(M) of Chinese yam. Tobacco cells were treated with 10 mg/L of methanol extract at 3
days before radiation treatment. Cell fresh weight was determined at 12 days after treatment.
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Cell fresh weight (g/flask)
Cell viability (%)

I Cell fresh weight 1 100
- @~ Cell viability
“‘ 1 80
2 r 3,
v e L Tl . { 60
1t 1 40
1 20
0 1 1 1 1 1 1 1 0

Control 20Gy 20Gy+M 20Gy+H 20Gy+C 20Gy+E 20Gy+B 20Gy+W
Treatments

Fig. 13. Cell fresh weight and viability of tobacco cells treated with 20 Gy of y-radiation
and various extracts of Chinese yam. Solvent of extracts M; methanol, H; n-hexane, C;
chloroform, E; Etylacetate, B; n-BuOH, W, water, treated with 10mg/L. Data were
determined at 12 days after treatment.

(3) Comet &4 93l &l DNA &A4HA

PAAE AL G B FAEAA AL R kel comet £4& LA D3 DNAS &4
=] W hopd Pl o Boke BRAY & AAUTHFig 14). DNAZH €4 B ge

2 Ao T 77k FE (Fig. 14A)E HEolu, DNAVF £49 L& ul3¥ DNA Z7}o]
A719 5 Aol A& (A7) Fo B olFste 1 mYE 77 A AAERSFS F st (Fig.
At A=A WA= otFst FEHE JehdA FHe=d,
Zrotz| ol mE RS AojA AZE Ade 3o
ar A= AR

Comet EAoA el wg Aol(head-lenght, H)$F Z#]ZAo]l(tail-length, T)¢ WS (T/H
ratio)® M@ FEo] Foll= DNA (% head DNA)E A3 A Tz Axe o
DNA¢ HElZel(i)et myZol(Te 4zt 31.7m 2 334m=z Yeht T/H Bl&2 1.05°]%
a1, HEREed Eolle DNAZ(% head DNA)E 86.7%2 JERETHTable 17). ¥ 3 DNA
£AEd7 dEHZ EMS 5mM—(ROJaS et al. 1999; Gichner et al. 2000) &3 AlEX= Hy
Aol 205um, ] Zo] 134.9m=Z T/H H]E°] 658 head DNAE 487%=2 433k & DNA7Z}
E4E B AL & F YT F HARAAZ ) ] EAE B2 qAFE mE o do|rt
Zo]A ™ head DNA %L #Aasdte AL & & O]‘:}

WA 20GyE A E A #Edelst mjdols A2 295m B 49.8m= BEE S T/H
Hlgo] 1.682 FA7 AEeo T/H ¥&(1.05)EY & ke vehfo] wapd Aol o3 o
DNA7Z} 433 <48 AL & 4 U3, head DNAE 71.3%2 e} F32](86.7%) .t}

A3 e 7S BT 7t 55 = n-hexane, chloroform % 28 A3 & 20 Gy <
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WAL S A g el v kAl o] T/H¥ €2 22 152, 1.58 B 1.65°1™, head DNA= Z+zh
69.3%, 70.3% = 74.3%% AT glo] WALA 20GyHS A MET T/H HL(1.68)7
head DNA(71.3%)7roll= #2171 QG = A sk,
3tH, MeOH, EtOAc ¥ n-Butanol 238 FEES AAZ S 3-9= T/HHE[Eo| 742 1.37,
1.01 2 1.10°1™, head DNAE z+z} 815%, 87.6% 2 837%= 3 DNAY £AAT7} & A3
AL 4 5 ATk E3F) EtOAcE T n-Butanol®L AR stL 20 Gy HAMAE A
El?‘a 73%-% HIALAS A EshA] @& Fx7 Al T/H ¥]4(1.053 head DNA(86.7%)7}
S Bt o] 2 o5 EF FEEoE FHjujgAl T WAl 9]F DNA &4
=] [e]

& dAlste Edo] AL ASS AT

AN EZ ] head-DNAZF 100%7F 5 A Este AL ~2EH 27} ¢gle AHAAE 59 2
EAEZES 9 glo] &4ET AdHe S vtEste Aoz FHsta glon, dF= 3
S EEsts A dEo] &L e $% vt dtH(Navarrete et al. 1997). wEhA]
Aol FPAAH A3 HL BEst= AE comet B4 AFAE =ol= FR3F g910
2 wodn

gAle] o DNAG] £42 Fol ool AZe AL JFSAY Sdols fdsls Row
FHA k. A4 GeER QW] FUBARE AY, PANET 2L wupge 2k

Al EMS, cyclohexamid, cadmium % chromium S°] €8 o, 253 ~E

H:0: 5% A XM DNAS &4 7= Aoz Id4H A At (Navarrete et al.
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gl 2o 23 DNA &4l mials Gl B3 d7= dosith §F o 7= vt FEF=0|
Az FAEEd 2 3 FARAY Ed¥o] FES FHste ddede Fs HE
Hzo o]gd & AHeln

Fig. 14. Nuclear-DNA damage analyzed by comet assay. Intact nuclear(A) without

comet-tail, damaged nuclear(B) with long comet-tail by treatment of 20 Gy y-radiation.

Table 17. Percentage head DNA and length of comet for nuclei isolated from tobacco cells
treated with 20 Gy of y-radiation with various extracts of Chinese yam.

Treatments” Length of comet(um)
% Head DNA
Radiation = Extracts Head(H) Tail(T) T/H
Control cell 31.7+£2.2 33.4+3.1 1.05=0.2 86.7+8.7
20 Gy only 29.5%2.3 49.8+4.1 1.68+0.3 71.3+6.3
+ MeOH 30.3+1.7 41.5+3.2 1.37=0.2 81.5+6.4
+ n-hexane 33.4+3.1 00.8+5.4 1.52+0.8 69.3£7.2
+ chloroform 32.7+1.8 51.8+3.5 1.58+0.6 70.3+2.2
+ Etylacetate 32.3+1.7 325+3.2 1.01£04 87.6+6.8
+ n—-Butanol 31.3+1.7 34.5+4.2 1.10=0.2 88.7+7.6
+ Water 29.6x2.7 48.8+4.6 1.65x0.5 74.3+2.2
5 mM EMS” 20.5%1.5 134.9+£7.8 6.58+2.1 487727

UNuclei for comet assay were isolated at 24 hrs after treatment.
2)Ethyl methanesulfonate(EMS) treated for 24 hrs before comet assay. Values are meantSE.
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Diosgenin, %o]AHDb-Ex), H1/H2

C57BL/6 mice, BALB/c mice, ApoE knockout mice, Sprague-Dawley rats

Raw 264.7 cell line, Mouse Vascular Smooth Muscle cell line(MOVAS)
iINOS, ICAM-1, VCAM-1, MAPKs, Akt, p65, IkB, CD68, etc.

TNF-a, IL-6, IL-1b, IL-4, IgE 2 £ 73}

A 91At#A 4 detection kits

v
ik

Antibody

ELISA kit

[ R R R

wK

3t LPS/IFN-y &

2 2417 AAE
MTT assay, XTT assay, ELISA assay, Western

& ohe

Oo]: 5

ato] i

TNF-a2 A7HEE g

blotting, RT-PCR &2 *

T
T

- 185 -



(2) 7t f2f A2 FLEEY] A HE

b ok A AE 7F

o]
S 237 A E(EAHNET), indomethacin(FAZ7) 2 =

Holl 5% 3 2 0t JEE B
Fostdth. B9 308 § carrageenanes T Y the AIZPEE RF ZU|WILE A3

k.

b vk Fel AR olEdAY MR E A BT HE
-2 9o 2& AAY F DNCBE 34 Aoz F 43 Ay =2t olEvy ¥FZ
&& frdsisith o}ﬁw ¥ 5-Age
q

—

sone(FAZ2T) 2 diosgening F 43 A3 =31 olEmyg FEde His BEAY
=
3 7 F i deHAEs} 55 HE
SdEz B

(1) Nitrite %W (Griess method)
2 F 35N Griess reagent® HHS-AlA micro plate reader®2 3 =5 =
Aste] A5 Y AAE nitritee] $F2 3T}

AE kS MTT/XTT €98 HslF2 4417F B 83t ©2 micro plate readerE A%
st FREE =A%t}

(3) Zymosan/NBT uptake assay (phagocytosis assay)
ME vl T 42D zymosan® NBT A eFS 718t formazaneo] AT E=E bk3A) 7]

% micro plate readeri FHTE FA3.

(4) ELISA assay

AE o F g A5 Wl cytokine 53 2 AlE EH #dE= CAMs 28, 5 4
g Al AU ?lx}%% EA35}17]19138 ELISA assayS 33}t Target detection antlbody
H3AIZIE TMB 71d& A E|sle] a4

kel

AMAlZ] TF8 micro plate readerE ©]-&35}

(5) Reverse Transcription Polymerase Chain Reaction
ok & M EZE Trizol2 &3AAH RNAS 3 5 23t A = targetoll specificdt
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primerg ©]-&3t PCR& 43, target®] mRNA o3& ¥HIE 43

(6) Western Blot Analysis

W T MZE lysis buffer® &3§A17] ¥ SDS-PAGEE ©]&3t9 @ AES Bestal o
DR AESE membrane2 2 &7 F antibodyE ©|-8&3t target Tl Ao HH WIS A3
=3

(7) Luciferase promoter assay

Dual transfection system= ©]&3F9] promoterE FUAIZ & np A& 2 LPS/IFN-y =

TNF-aE A& s} /‘ﬂ_‘?_% Hlj Q¥ ko, HHO‘EE] AZE &3ixzl F 7183 d-gAIA

o

(8) Cell Adhesion assay

o AE AAE] & TNF-ag At wjgdst MEZE E4E monocyte?t A vl st
monocyteE FZA|ZITh B-2ZE monocyteE £33 & fluorescence plate readergE ©]-§35h<
monocyted] ¥ AEE 73}

(9) FACs analysis (ROS &%)

wjoF & M EZE DCFH-DAS} ¥FAIZl & flow cytometryES ©]&35te AE ] ROS AA
AEE 435,

(10) H&E/Oil-Red O staining % immunohistochemistry
FE A3 F8 & %78 Haematoxylin/Eosin, Oil-Red O, =& antibody® |43 H =
M E Q] calcification, lipid accumulation, §5HH 22 °|F HEE microscopes ©]-&35}

) )
SERGES

=

3. d7FZA3}
7F vF 72 AE<Q] Diosgenin® WHAE &4 2 24 Z&

(1) Diosgenin®] EZth A E 2] cellular activity @ NO AAde w|X= 3T

EZ A Ze diosgening FEHE 247t AA S H FFAS AASL 1ng/mLe] LPS
o} 50U/mLe] IFN-yE 718l 24A17F o v dst & AXZAEE L F5d Y nitrite F3,
iINOSHEE ®glE #R13 27 AP s % oA AEXZE5HE JeElA g8 Flstder
(Fig. 1A), diosgenin® =7} F71g<l wel nitrited] Aol fFodoz Aaste AL &2
SR (Fig. 1B). E3 nitrite A4 A4S © &<Ast7] 98]l RT-PCR 2 western blotting2
o] &3l INOSe e WH3elE 3213k 23 diosgeninol 93] INOSS] mRNAS} vz Hd
ol §444 IA HLFTE stk (Fig. 1C-D).
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Fig. 1. Effects of diosgenin on cell viability of Macrophage and its Nitrite production.
Peritoneal macrophages were pretreated with indicated concentration of diosgenin for 2 h, then
incubated with 1 ug/ml of LPS and 50 u/mL of IFN-Y for 24 h. (A) Cell viability was observed
by MTT assay. (B) Culture supernatants were collected and the level of Nitrite was obtained by
the Griess method. (C) mRNA and (D) protein levels of iNOS were determined by PRC and
Western blot analyses, respectively. Results are the means * S.E. of three experiments. *:
significantly different from the group treated with LPS/IFN-Y only at P < 0.05.

(2) Diosgenin®] HZHAAE] &A=& 9 gekz;g-of u|x]= %‘f‘%}
Diosgenindll 9§ BZ A 2] &A5HAHS}E F83517] 93 A
Tl zymosane 7hste &4 H8& FEF 2 @G| FasGe v Q—f—x—‘]o]z]
&L-o] FdE At Fig. 2A). Diosgenin®| o 2Hgo o3l S H A=
| ol 7] $I5le] diosgening T3 T2 AAT 3 AlEo| LPS/INF-y&} ZAZF A E
 B16 HAHEZE FA wjgst § EFUANEZY dAEZAEBSE S SHS 27, LPS/INF-y
of o8 EAztE FAHlEzTo ¥t diosgenindl &3] dPFE o] JAH= AL FAEY
t}(Fig. 2B).

N
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Fig. 2. Effects of diosgenin on phagocytic and tumoricidal activities of peritoneal
macrophage. (A) Cells were pre—treated with indicated concentrations of diosgenin for 2 h, then
treated with LPS(1 pg/mL) and IFN-Y(G0 U/mL) for 24 h. Phagocytic activity was determined by
Zymosan/NBT uptake assay. (B) Cells were pre-treated with various concentrations of diosgenin
for 2 h. After washed with dPBS, cells were co—cultured with B16 tumor cells for 24 h at
effector : target ratio of 10 : 1 in the presence of LPS(1 pg/mlL) and IFN-Y(50 Uu/mL).
Tumoricidal activity was assessed by MTT assay. Results are the means * SE. of two

experiment. *: significantly different from the group treated with LPS/IFM-Y only at P < 0.05.

(3) Diosgenin®ll 93+ v|FHZF o MEZA T8 =7

Diosgenine =¥ E A3 FZ A X mitogenoll &3F ¥F-3-& =H3517] 95t BAE
mitogen?! LPS¢F TAHE mitogen?! ConAE Z+z;t sl thzxzo7 vl w3k A¥} diosgenin
o] HFH = o ANEFAZGE AAAHE &dsATt (Fig. 3).

A
@) e 44 hr () 64 hr

I |
8888

04 4

Splenocyte Blastogenesi (O0)
© © -

- P iy in

L L L

Splenocyte Blastogenesi (O0)

| L 1A

Untreated LFS ConA Untrezted LPS ConA

Fig 3. Effects of Diosgenin on the lymphocyte blastogenic function. Splenocytes were
pre-treated with various doses of Diosgenin for 2 h, then incubated for 44, 68 h in the presence
or absence of LPS or ConA. Proliferation of splenocytes was assessed by XTT assay, and the
absorbance was measured at 450nm and 650nm. The results are mean = S.E. of two experiment.
*! significantly different from the cells cultured without diosgenin at P < 0.05.

(4) Diosgenin®ll 93t AALNM 2 FF 55
Diosgenin®] A4S A Z(NK cells)d] 7]5ol #]
TEEHE AP vFEZ AT ALt A

N

=
= JTS dolr 7] 95l diosgening
245 WES-stE P Q) YAC-1 Al

Ni

rg
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de A 2] FAeHE SHT 23 diosgenin

o] ezHoz F7hshs

AN T A B ste] Al Ee sk a4 S
58 o] diosgening FE

AT A A AZe B

< At (Fig. 4).
.
04 .
&0
20
0
- 1 11} 0

Fig 4. Effects of Diosgenin on the tumoricidal activity of the NK cells. Splenocytes, which
were pre—treated with various doses of Diosgenin for 2 h, were co-cultured with target cells
(YAC-1) for 4 h in the presence of Diosgenin. Tumoricidal activity was assessed by XTT assay,
and the absorbance was measured at 450nm and 650nm. Results are mean * SE. of two
experiments. *: significance from the control group at £ < 0.05.

s o

HE eell Tumoricical Activity (%)

DG (uM)

vk Rl el o dAMET )% 83

(1) Diosgenin®] WA AIE2] cellular activity @ NO A Aol m]x+=
Raw 264.7 AXol diosgening F=HZ 2417t AAF3 H A5ALS AASE 1pg/mLe]
LPS¢t 50u/mLe] TIFN-y& 7hste] 24412 O ik & Al ZAE
INOSEE ®slE Q3 27 HYd 55 ol AEFAHE YeERRA
5A). &Y, diosgenin® FE7F F7tgol wet nitrite®] A Adol
(Fig. 5B) diosgeninell €3k iNOSe] mRNASH wl A vt o] 7hA4 7} o]of
oH(Fig. 5C-D).

(2) Diosgeninell 9]8F A AL 9] cytokine® ROS A4 A

Diosgenin®] THAAIEZ 9] cytokines Aol vIA= FTS &R1sl7] 918+ Raw 264.74] 3
2o} U3 2o 2 diosgening A3 F LPS, IFN-y&} A 24417 ©] vj ksl 1hA
FedE FHale O FEHeZRE TNF-q, IL-1B, IL-6 B4 BEE ELISA assayZE ©|-&3}
of &3 23} IL-69 gl Hage &dstsien (Fig. 6C) ROS A4 =3 23S o
A5t TH(Fig. 6D).
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Fig 5. Effects of diosgenin on cell viability and Nitrite production in macrophages. RAW
264.7 cells were pro—treated with indicated concentration of diosgenin for 2 h, then incubated for
24 h in the presence of lpg/mL of LPS and 50 U/mL of IFN-Y. (A) Cell viability was observed
by MTT assay. (B) Culture supernatants were collected and the level of Nitrite was obtained by
the Griess method. mRNA (C) and protein (D) levels of iNOS were determined by PCR and
Western blot analyses, respectively. Results are the means * S.E. of three experiments. *:
significantly different from the group treated with LPS/IFM-Y only at P < 0.05.
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Fig 6. Effects of Diosgenin on th production of cytokines and ROS from RAW 264.7 cells.
Cells were stimulated with LPS(1 pg/mlL) and IFN-Y(50 U/mL) for 24 h after pre-incubation with
indicated concentration of diosgenin for 2 h. The levels of TNF-a (A), IL-1B (B), and IL-6 (C)
released from cells were determined by ELISA assay. (D) ROS was measured with flow
cytometry analysis. Results are th mean * SE. of three experiments. #*: significantly different
from the group treated with LPS/IFN-Y only at P < 0.05.
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(3) Diosgenin®| A A | NF-kBe] &&d 2 &Aoo m|x= Fgk
FSHHE BoAste HARIAE 43 % NF-xB9 ‘f‘zf 2 &4 wA e JFE glstuA A
of $o} FUe ZHC=Z diosgening AAT 3§ F LPS/IFN-yvoF 4417+ wiste Luciferase
promoter assayS e Ay} NF-xBe &4o] ZA4sder (Fig. 7A) dduwlde FEz|sle] 1
s gQlsk A, LPS/IFN-yoll 9fd] @443lE = NF-xBe] @3 @#e] Diosgenin® & X0l
dgzrog ZHASHTHTig. 7B). E3F LPS/IFN-yoll 23 kB2 Degradation®] diosgenin®l] <]3f

5892 318 Arhrig. 70).

(A) (B) wowny - - ot 1 1
LPE/TFN-y - - o id
304
i " PEE | e o —— |
E Z 1
ey P ————
§~ A= —T— E E-3ctin
i
m
$ 15 A
E (€ LPS/TFN-y DG + LPE/FN-y
T 404 = =
3 Time {min} 0 15 30 €0 Time (min} 0 15 30 &
s
IkBa ——— IkBa e — —
an
LT L T RN Been [ Bactn | e—

Fig 7. Effects of diosgenin on the activation NF-kB and IxkBa degradation in LPS/IFN-Y
-induced RAW 264.7 cells. (A) Cells were transfected with a pGL3-NFkB-Luc reporter plasmid
and pCMV-B-gal, pretreated with indicated concentration of diosgenin for 2 h before stimulating
with LPS(1 pg/mL) and IFN-Y(50 U/mL) for 4 h. Luciferase activity in the cells was measured.
Results are the means = S.E. of three experiments. *: significantly different from the group
treated with LPS/IFN-Y only at P < 0.05. (B) Cells were preincubated with or without diosgenin
for 2 h, then treated with LPS(l pg/ml) and IFN-Y(50 U/mL) for 4 h. The nuclear protein levels
of p65 were monitored by western blotting to analyze the translocation of NF-xB. (C) Cells were
preincubated with or without diosgenin for 2 h, then stimulated with LPS(1 pg/mlL) and IFN-Y(50
U/mL) for the indicated time periods. The whole cell lysates were analyzed by Western hlot
assay. The results illustrated are from a single experiment, and are representative of three
separate experiments.

(4) Diosgenin®] ™A A E IH AP-19] &d 2 & m|R= FTF

Diosgenin®] AP-19] 93 2 A4 X = FTS Al o Y3 2HO0E AXE o)
ok&ted Luciferase promoter assayS 83 A3} AP-19] @49 1:]' st9em (Fig. 8A) @ 4dg
wElste] o #wES #Ads A3 LPS/IEN-yol 93] F71she c-fos ¥ c-jun T A9 oo

diosgenin®ll &8 74 A tHTFig. 8B).
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Fig 8. Effects of diosgenin on AP-1 activation c-Jun and c-Fos expression in LPS/IFN-Y
—stimulated RAW 264.7 cells. (A) Cells were transfected with a pGL2-AP-1 plasmid and
pCMV-B-gal, pretreated with indicated concentration of diosgenin for 2 h before stimulating with
LPS( pg/mL) and IFN-Y(0 U/mL) for 4 h. Luciferase activity in the cells was measured.
Results are the means = S.E. of three experiments. *: significantly different from the group
treated with LPS/IFN-Y only at P < 0.05. (B) Total protein lysates were isolated and c—Jun and
c—Fos levels were detected by Western blotting. The B-actin protein level was considered as an
internal control. The results illustrated are from a single experiment, and are representative of
three separate experiments.

ofk

(5) Diosgenin®] WA AIE ] MAPK % CK2 @A m|z= 93
Diosgeninell ]38} X AIE4) nitrite o] ojAlE Ae2 Hol oo} AdHE AZHE 7
ZJAAE 4H 7 MAPK(D38, ERK, JNK)9 @ad ®#3l7l s AS=Z AR o|& Z
o &y WgtE A A INKO d4ks7h diosgeninell ol 7HA38E 0 ™ (Fig. 9A)
AR AAE Lz CK29 TS 213 A7 diosgenine] CK2a9 Y o]F& AATS
glst At (Fig. 9B).
B e b waw B

DG {pM)
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Fig 9. Effects of diogenin on MAPK activation and CK2 expression in RAW 264.7 cells.
(A) Cells were pre-treated with indicated concentrations of diosgenin for 2 h, then treated with
LPS(1 pg/mL) and IFN-Y(50 w/mlL) for 15 min. The levels of phosphorylated p38 MAPK, JNK
and ERK were determined by Western blot analysis with antibodies as indicated. (B) Cells were
preincubated with or without diosgenin for 2 h, then stimulated with LPS(1 pg/mlL) and IFN-Y(50
1/mL) for 4 h. The nuclear protein levels of CK2 were monitored by western hlotting to analyze
the its translocation. Results shown are one representative of three independent experiments.

(6) HI/H27}F tiA Al E2] NO A mlaE= 98

np FE2EQ HI/H27F M EZe] NO A rlxle 93-S 15t 7] 915t Raw 264.74]
Zo HI/H2E 2417 AAZE & LPS, IFN-y2F A 244]
ate]l A5 W nitrite¥S FE A3 NOY AAdo]l HI/H20) 938 4 ow(Fig.
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10A-B) iINOS®] mRNA % ol g wrd =3 7hA4-S st oh(Fig. 10C-F).
@ - (8
[ o |
(C) H1 -"-;'.._"f - e L = (D) H2 ::;';_—“ 1 I u
- -
B s o oxow O -
o [—] -

Fig 10. Effects of Hl/H2 on the LPS/IFN-Y-induced NO production in macrophages. RAW
264.7 cells were pre-treated with indicated concentration of H1 or H2 for 2 h, then incubated for
24 h in the presence of 1 ng/mL of LPS and 50 w/mL of IFN-Y. (A & B) Culture supernatants
were collected and the level of Nitrite was obtained by the Griess method. mRNA (C & D) and
protein (E & F) levels of iNOS were determined by PCR and Western blot analyses, respectively.

Results are the means = S.E. of three experiments. *: significantly different from the group
treated with LPS/IEN-Y only at P < 0.05.

(7) HI/H27F Al J NF-kBe] 2dd] mxe g3

H1/H27} NF—KBQ a2 4o mRle S FAstaar AEd §of FYg 2Hez
HI/H2E AA & F LPS/IFEN-y&F A 4A1ZF wiofst 5 dowids fejste] o #ds gl
s A3, LPS/IFN-yol 938 @43 5= NF-xBe @d dtdo
11A-B). ®3F LPS/IFN-ydl 23 kB9 degradation®] HI/H2¢| &3] 3|E == Aol TwAFUT}
(Fig. 110C).

(A) - @I j b
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_—— 3 -
5 T— " — — 1
peS | | Whole cell pes | } Whaole cell
lysat: ,—\ Iysat:
B-actin | e | it B-actin B i e

(1) LPS<IFN-y LPS<IFN-y LPS=IFN-y

Time (min) 0 15 30 &0 120 Time (min) 0 15 30 60 120

Tememin™ S0 G455 S0:kae0 "0 Hl@OOug/mlh) + + + + = HZ(O0ug/mly + + = o+ +

KB | = - | IkE - — T e — |

f-actin | - — - - | B-actin | ———— | B-actinl T |

Fig 11. Effects of H1/H2 on the activation NF-xB and IxBa degradation in LPS/IFN-Y
-induced RAW 264.7 cells. Cells were preincubated with or without H1 (A)/H2 (B) for 2 h,
then treated with LPS(l1 ug/mL) and IFN-Y(50 p/mL) for 4 h. The whole cell protein and the
nuclear protein levels of pb5 were monitored by western blotting to analyze the translocation of
NF-xB. (C) Cells were preincubated with or without HI/H2 for 2 h, then stimulated with LPS(1 n
g/mL) and IFN-Y(50 p/mL) for the indicated time periods. The whole cell lysates were analyzed
by Western blot assay. The results illustrated are from a single experiment, and are
representative of three separate experiments.
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(8) HI/H27F tlA Al Z Wl MAPK®] &4l A 4T

(e}

HI/H2o 93] &AM EZE nitrite Ag0] AAHE FHeZ Hol o9} BHA LG HEQ
2 g7 MAPK((p38, ERK, JNK)9] @&e] ®Wal7l & oz ALREEHC] ol& Tz
T wels #Q1%k 23 MAPKS Q14ksb7t H1/H29 93 Zashe 159 thFig. 12).

(A) (B)

Hli:ug_-"r‘ﬂlj - - 1 10 100 H2::ug_-"r‘"||:| - - i 10 100

LPS<IFN-y - TR T LPS<IFN-y - TR T
pp3z |0 R S pp3e | . |
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Fig 12. Effects of H1/H2 on MAPK activation in RAW 264.7 cells. Cells were pre-treated
with indicated concentrations of H1 (A)/H2 (B) for 2 h, then treated with LPS(1 pg/mL) and
IFN-Y(50 U/mL) for 15 min. The levels of phosphorylated p38 MARK, JNK and ERK were
determined by Western blot analysis with antibodies as indicated. Results shown are one
representative of three independent experiments.

ok ok fEl AR o3 HBPBZAEY S5 W

(1) Diosgenin®ll 2|3t HAFGZAH|E T MERZER & H3)

FSHES FHUNIAE, AT S22 HAFEIA TN TAHE AZRZHEA} o] wt
Sote HYAMZe] FRAEA Alolo] wHxMa AF/sE ] W oA dojdth Diosgenin
o] o]y & AFWE PX= FFE st A HAF AL Z diosgening TEFE 2417 A
A3 T TNF-aZ MEZRAFEH #dE §E38F9 ELISA assayE T3 AX TW9 CAM
Td-s £33 23, ICAM-17 VCAM-19] &do] AlxxHAM Fastger (Fig. 13A-B) o&
o] mRNA 2 el wtbg wék diosgenin®l] 8 4TS gHla Y th(Fig. 13D-E).

T
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Fig 13. Expression of cell adhesion molecules on the surface of MOVAS after treatment
with diosgenin. Cells were pre-treated of 2 h with indicated concentrations of diosgenin, then
stimulated with TNF-a (10 ng/mlL). After incubating with TNF-a, expressions of ICAM-1 (A),
VCAM-1 (B) AND E-selectin (C) on cell surface were measured by ELISA assay. Absorbance of
each well was quantified in a microplate reader at 650nm. mRNA (D) and protein (E) levels of
adhesion molecules were determined by PCR and Western bolt analyses, respectively. Results shown
are mean * SE. of three independent experiments. *: significantly different from the group treated
with TNF-a only at P < 0.05.
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Confluent VSMCs were pretreated for 2 h with indicated concentrations of diosgenin, then
stimulated with TNF-a (10 ng/mL) for 12 h. The BCECF-labeled THP-1 cells were added to the
VSMC monolayer and allowed to adhere for 1 hr. (A) The adhesion was determined by
measuring the fluorescence intensity. (B) Adherent THP-1 to VSMCs was observed under a
fluorescent microscope at 200x magnification. Results shown are mean * S.E. of three independent
experiments. *: significantly different from the group treated with TNF-a only at P < 0.05.
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Fig 15. Effects of diosgenin of NF-xB and IxkBa degradation in TNF-a-stimulated VSMCs.
(A) Cells were transfected with a pGL3-NFxB-Luc reporter plasmid and pCMV-B-gal, pretreated
with various concentrations of diosgenin for 2 h before stimulating with TNF-a(10 ng/mL) for 4
h. Luciferase activity in the cells was measured. Results are the means * SE. of three
experiment. *: significantly different from the group treated with TNF-a only at P < 0.05. (B)
Cells were preincubated with of without diosgenin for 2 h, then treated with TNF-a(10 ng/mL)
for 4 h. The nuclear protein levels of pb6b were monitored by western blotting to analyze the
translocation of NF-xB. (C) Cells were preincubated with or without diosgenin for 2 h, then
stimulated with TNF-a(l0 ng/mL) for the indicated time periods. The whole cell lysates were
analyzed by Western blot assay.
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Fig. 16. Effects of diosgenin on MAPK and Akt activation in TNF-a-stimulated VSMCs.
Cells were pretreated with the indicated concentration of diosgenin for 2 h, and then incubated
with TNF-a (10 ng/mL) for 15 min. The whole cell lysates were analyzed by Western blot. A
typical result from three independent experiments is shown.
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Fig 17. Effects of diosgenin on the production of ROS in TNF-a-stimulated VSMCs and
its involvement in the suppression of CAM expression. (A) Cell were treated with diosgenin
at the concentrations indicated for 2 h followed by stimulation with TNF-a (10 ng/mL) FOR 30
min. The level of ROS was measured by flow cytometry. (B) The protein levels of CAM
suppressed by diosgenin were compared to the CAM levels suppressed by NAC, a well-known
antioxidant that is reported to efficiently reduce the expression of adhesion molecules. Results

shown are mean = S.E. of three independent experiment. *: significantly different from the group
treated with TNF-a only at P < 0.05.
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Fig 18. Expression of cell adhesion molecules on the surface of MOVAS after treatment
with Db-Ex. Cells were pre-treated for 2 h with indicated concentrations of Db-Ex, then
stimulated with TNF-a(10 ng/mL). After incubating with TNF-q, expressions of VCAM-1 (A) on
cell surface were measured by ELISA assay. Absorbance of each well was quantified in a
microplate reader at 650 nm. mRNA (B) and protein (C) levels of adhesion molecules were

determined by PCT and Western blot analyses, respectively. Results shown are mean

+ SE. of

three independent experiments. *: significantly different from the group treated with TNF-a only

at P < 0.05
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Fig 19. Inhibition of adhesion of THP-1 cell to TNF-a-stimulated VSMCs by Db-Ex.
Confluent VSMCs were pretreated for 2 h with indicated concentrations of Db-Ex, then stimulated
with TNF-a (10 ng/mL) for 12 h. The BCECF-labeled THP-1 cells were added to the VSMC
monolayer and allowed to adhere for 1 hr. (A) The adhesion was determined by measuring the
fluorescence intensity. (B) Adherent THP-1 to VSMCs was observed under a fluorescent
microscope at 200x magnification. Results shown are mean * SE. of three independent
experiments. *: significantly different from the group treated with TNF-a only at P < 0.05.
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Fig. 20. Effects of Db-EX on NF-xB and IxBa degradation in TNF-a-stimulated VSMCs.
(A) Cell were transfected with a pGL3-NFkB-Luc reporter plasmid and pCMV-B-gal, pretreated
with various concentrations of Db-EX for 2 h before stimulating with TNF-a (10 ng/mL) for 4 h.
Luciferase activity in the cells was measured. Results are the means £ S.E. of three experiments.
*. significantly different from the group treated with TNF-a only at P < 0.05. (B) Cell were
preincubated with or without Db-EX for 2 h, then treated with TNF-a (10 ng/mL) for 4 h. The
nuclear protein levels of pb5 were monitored by western blotting to analyze the translocation of
NF-xB. (C) Cells were preincubated with or without Db-EX for 2 h, then stimulated with TNF-a
(10 ng/mL) for the indicated time periods. The whole cell lysates were analyzed by Western blot
assay.
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Fig. 21. Effects of Db—EX on MAPK and Akt activation in TNF-a-simulated VSMCs. Cell
were pretreated with the indicated concentration of Db-Ex for 2 h, and then incubated with TNF-
a (10 ng/mL) for 15 min. The whole cell lysates were analyzed by Western blot. A typical result
from three independent experiments is shown.
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Fig. 22. Effects of Db—EX on the production of ROS in TNF-a-stimulated VSMCs and its
involvement in the suppression of CAM expression. (A) Cell were treated with Db-EX at the
concentrations indicated for 2 h followed by stimulation with TNF-a (10 ng/mL) for 30 min. The
level of ROS was measured by flow cytometry. (B) The protein levels of CAM suppressed by
Dbh-EX were compared to the CAM levels suppressed known antioxidant that is reported to
efficiently reduce the expression of adhesion molecules. Results shown are mean * S.E. of three

independent experiments. *: significantly different from the group treated with TNF-a only at P
< 0.05.
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Fig. 23. Expression of cell adhesion molecules on the surface of MOVAS after treatment
with HI1/H2. Cell were pre-treated for 2 h with indicated concentrations of Hl or H2, then
stimulated with TNF-a (10 ng/mL). After incubating with TNF-q, expressions of VCAM-1 (A &
B) on cell surface were measured by ELISA assay. Absorbance of each well was quantified in a
microplate reader at 650 nm. mRNA (C & D) and protein (E & F) levels of adhesion molecules
were determined by PCR and Western blot analyses, respectively. Results shown are mean * S.E.
of three independent experiments. *: significantly different from the group treated with TNF-a
only at P < 0.05.
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Fig. 24. Inhibition of adhesion of THP-1 cell to TNF-a-stimulated VSMCs by HI1/H2.
Confluent VSMCs were pretreated for 2 h with indicated concentrations of H1 (A) or H2 (B),
then stimulated with TNF-a (10 ng/mL) for 12 h. The BCECF-labeled THP-1 cell sere added to
the VSMC monolayer and allowed to adhere for 1 hr. The adhesion was determined by measuring
the fluorescence intensity. (C) Adherent THP-1 to VSMCs was observed under a fluorescent
microscope at 200x magnification. A typical result from three independent experiments is shown.
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Fig. 25. Effects of H1/H2 on NF-xB and IxkBa degradation in TNF-a-stimulated VSMCs.
(A & B) Cells were transfected with a pGL3-NFxB-Luc reporter plasmid and pCMV-B-gal,
pretreated with various concentrations of H1/H2 for 2 h before stimulating with TNF-a (10
ng/mL) for 4 h. Luciferase activity in the cells was measured. Results are the means * S.E. of
three experiments. *: significantly different from the group treated with NTF-a only at P < 0.05.
(C & D) Cells were preincubated with or without H1/H2 for 2 h, then treated with TNF-a (10
ng/mL) for 4 h. The nuclear protein levels of p65 were monitored by western blotting to analyze
the translocation of NF-kB. (E) Cells were preincubated with or without HI/H2 for 2 h, then
stimulated with TNF-a (10 ng/mL) for the indicated time periods. The whole cell lysates sere

analyzed for IkBa degradation by Western blot assay.
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Fig. 26. Effects of H1/H2 on MAPK and Akt activation in TNF-a-stimulated VSMCs. Cell
were pretreated with the indicated concentration of H1 (A) or H2 (B) for 2 h, and then incubated
with TNF-a (10 ng/mL) for 15 min. The whole cell lysates were analyzed by Western blot. A
typical result from three independent experiments is shown.
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Fig. 27. Involvement of ROS in suppression of VCAM-1 by HI1/H2. Cells were treated with
Hl (A) or H2 (B) at the concentrations indicated for 2 h followed by stimulation with TNF-a (10
ng/mL). The protein levels of CAM suppressed by H1/H2 were compared to the CAM levels
suppressed by NAC, a well-known antioxidant that is reported th efficiently reduce the expression
of adhesion molecules. A typical result form three independent experiments is shown.

- 207 -



a
do
oX,
e
o,
o
uieh
ol
I:O"
olr

lo
offt
i
td
i

S |4 st FEAES FASPT. o1 27
carrageenan®l| 93} AAHE = FF o Z7|7} diosgenin, G}, HI/H2 938 A4S &<l
At (Fig. 28).

(A)

(B) e 5 rrageanan (15

ol C arragesnan (175) Indomethaci
 Som

n (10mg/kgl

-Ir'r:lamﬂ_"r!:ax:in {10mg/kg) e Db EX (50maka)
00 g [l s i (S0mgihg) 180 - == Digzgenin (100ma/kg)
g [l geenin { 100mgikg) %
. s _ 160
R £ 140
& 2 w0
5 1 &
k=l T 4n
o 100 4
Y 100 5
o = 20
B 35 o -
= B B0
R 50 g a0
w in
25 20 -
i) T T T T T T 1 L] T T T T T T 1
[i] 1 z 3 4 c £ Time {hrs} o 1 2 3 4 1 &  Time (hrs]
( ) e C arragesnan {195 { ) el C arragesnan {138)
== |ndomethacin {10mgkg) e | nidom ethacin (10mg/kg)
250 =—t—H1 {B0mgkg) 250 b H2 (50miglkg)
b H 1 {100mg/kg) e H 2 (100mgikig)
£ m F o
m L)
5 g
2 1w - 180 4
w (58]
E 2
oo & 1
1) B
& H oo
i 50 oo
[+] T T T T T T 1 4] 1
L] 1 z 3 4 5 [ Time (hrs) 0 1 z 3 4 5 [ Time {hrs}

Fig. 28. Effects of bioactive components of yam on the carrageenin-induced paw edema in
the rat. Indicated concentrations of diosgenin (A), Db-Ex (B), H1 (C), H2 (D) or the vehicle
were administrated intraperitoneally 30 min prior to the carrageenan (1%) injection. Rats were

evaluated for indicated time periods. The values represent the mean changes in the paw volume *
SD (n=6).
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Fig. 29. Atopic dermatitis (AD)-like skin lesions and improvement of skin condition after
treatment with diosgenin. AD-like skin lesions were induced by topical application of
1-chloro-2,4-dinitrobenzene (DNCB) for 4 time (B-E), and diosgenin application improved the skin
condition (G, treatment with PBS; H, treatment with dexamethasone; I, treatment with 50 1M of
diosgenin; J, treatment with 100 uM of diosgenin). Dex, dexamethasone.
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Fig. 30. Inhibitory effects of diosgenin on scratching behaviors, levels of IL-4 and IgE
induced by 1-chloro-2,4-dinitrobenzene (DNCB). (A) Scratching behavior was observed after
completion of all treatments. In brief, the number of scratching behaviors was counted for 10
minutes. Measurement was repeated for five times (50 minutes in total). Dex, dexamethasone. (B)
After completion of all treatments, splenocytes (5x105 cells/well) were incubated for 24 h. Culture
supematants were collected and the level of secreted IL-4 was determined using ELISA. (C)
Blood samples were collected from the inferior vena cava and serum was separated after
completion of all treatments. Level of serum IgE was measured by ELISA. Results are the means
+ S.E. of three experiments. *: significantly different from the group treated with DNCB only at
P < 0.05.
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olEw A TEAZLY thE A Alo]EFIQIQI IL-4, IL-109] mRNA =& =
Az ¥]3te] diosgening A& 3 oA IL-4, IL-102] mRNA 2&d 215}
At T3 dHl 274 5 AlEIRIY 2EX2 dE7 NFATIS #Hds #Rls 2y
diosgenin®] NFAT1¢] mRNA &@d-& AAA S A5 THFig. 31).

o

- rulo ol
o
ro
ol
i
i)

DNCE(1%) - + + + =+ DNCB{1%) - + o+ o+ o+
Drex (10ul) - - + - - Drex (10ulA) - - + - -
DGUM) - - - 10 50 DGUM) - - - 10 50

L4 | o | NFATL | - |

1-10 | | GAPDH | g ——— |

GAPDHl—-————_l

Fig. 31. Inhibitory effects of diosgenin on mRNA expressions of IL-4, IL-10, and the
nuclear factor of activated T cellstINFAT) 1. After completion of all treatments, total RNA
was extracted from splenocytes. RT-PCR analysis was performed to measure mRNA levels of
IL-4, IL-10, and NFAT 1, respectively. The results illustrated are from a single experiment, and
are representative of three separate experiments. DNCB, 1-chloro- 4-dinitrobenzene; Dex,
dexamethasone.

(1) Diosgenin® &9 W & Az A4 &%

Diosgenin®] @95 TS EUZ THHAES Ad9 sl a9 4 ds 58 2d& o8
ste] diosgenin® FEHNAZ} &5 AESAT ApoE / mh-2d nH AlEE FEEA B
BAE LA & DX ALE S F diosgening 11F/21F &< A7 FAs5AH. 43

2 A &3}9] H&E staining(Fig. 32A) 2 Oil-Red O stammng(Flg 32B)
WA W AHs #EE 23 WITH Hwste] ApoE Tl A
calcification(Fig. 32A) 2 A& o] P = o3]S FAsH 2™ (Fig. 32B) diosgenine 3
A AHAS F9 A$ calcification B A& Hzpo] ¥ 7ZATHE FASIHT

11wks 21wks 11wks 21wks

" ApoEd .
o

Fig. 32. Effects of diosgenin on the formation of atherosclerotic lesions in ApoE-/- mice.
Representative serial sections of aortic valve obtained from each group at weeks of 11 and 21
were shown. Sections were stained with Haematoxylin and eosin (A) and with Oil-Red O (B) to
visualize the accumulation of lipid within the aorta.
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(2) Diosgenin®] &9 U AL 2 H{3 F4 JA &
HAFAH (immunohiostochemisstry, CD68)& ©|-83te] 7oA AZsE A3 2 Fo A
W M EE G4, 3 ) A Ee] A% =2 24sgth. 2 23, ApoE Tl A
717ke] |dEFRkgez sk @ Y AL (necrotic core)®] F7FeE A-R-38} (fibrosis)7F %13
W diosgening AFHE 7o A B Wl A 2 ARI FAdol dF FHAAaZ vl
macrophage infiltration2 @4 F7t= o] 9l L2 Ho} diosgenin® AF7F FH Azt
Bo A= B0l YL Ao ARHTHFIg 33

o[r

o rﬂ

Fig. 33. Effects of diosgenin on macrophage infiltration in aortic valve.
Representative serial sections of aortic valve obtained from each group at weeks of 11 and 21
were visualized with antibody against CD68.
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(3) Diosgenin®] T A3l T A=} mx= o3k

9o} B3 wHo g EwM A A Bl ApoE pR9-2o] diosgening ATES & 3
A At T W BuAS} TXAASY == ¥n, AESYY. 2 2, diosgening)
437 3 W total cholesterol 2 ox-LDL, CRP, MCP—lfﬂ FAE A WM FaAH s

gel3t Aok (Table 1).

Table 1. Effects of diosgenin on plasma levels of total cholesterol, oxidized LDL, HDL cholesterol, CRP, and

MCP in ApoE-/- mice
11wk 21wk

WT ApoE-/- Diosgenin WT ApoE-/- Diosgenin

Fa thaleste ) & 4 2 287.0+141 20120422627  1496.0445.25'
(mg/dL)

Ox-LDL (ng/mL) 126405628  1365.6+13.50' 1352.9+13.58 7949+ 112 13401+13.9° 121314265

HDL(;Z';';SQ"" 5 = 5 76.5+4.3 34510 7.0+14
5 0.06+0.00 0.27+0.01" 0.06£0.00"

CRP (mg/dL) —

MCP-1 (pg/mL) 4311344269 1511.00+307.13° 725.52+247.58" 170.21+27.09 618.17+33.217 504.85%£55.81

Walues are mean5.E. (n=6).
1S|gn|ﬁcant difference at p < 0.05 by Student's t-test between WT and ApoE”~ mouse groups.

“significant difference at p < 0.05 by one-way ANOVA between ApoE+- and dicsgenin mouse groups.

4) HI/H29 T 1 X2 A=Z oA &%
HI/H29 FE%F E%5S EUE 495 289 s 594328 58 2dL o435
o HI/H29 &§EWAs} &5S AESYUTH ApoE” vh$-2d 1% AlEE FFste] 94
32 FLAZ F X AR 7 HI/H2E 115215 B¢ AT T899t 43 8
Al 2 oS AHZsle] H&E staining(Fig. 34A) 2 Oil-Red O stainning(Fig. 34B)& ©]

W AEE #Es 2y WTEy ¥ndle  ApoE el A
A HZo] AP LS FAH oW (Fig. 34B), HI/H2E T

MARE =

calcification(Fig. 34A) %
2 A4 HFo] A4S st

AFAE 79 A4 calcification 2

11wks 21wks (B) 11wks

; ) >}.gr'§=m _m".w’? : Ay
Fig. 34. Effects of Hl/H2 on the formation of atherosclerotic
Representative serial sections of aortic valve obtained from each group at weeks of 11 and 21
to

were shown. Sections were stained with Haematoxylin and eosin (A) and with Oil-Red O (B)

visualize the accumulation of lipid within the aorta.

lesions in ApoE-/- mice.
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(5) HI/H29 T2 ] FARE 2 H83 A4 oA

™ & A2 H (immunohiostochemisstry, CD6])2 ©]-8-38Fc] 7)o A AlZsl A% ‘3-1 = A
o 2] A] A "€E 1 AT AF A= =T 1 AT, Apo FaaA R
7he]

7 b0z 213k d# W AN (necrotic core)®] F7Fe} A #-3Hfibrosis)7} X3 H
™
e

olr

uieh
ol H

)

VH2S A4 79 A% g3 U a8 2 He3t @4do] gastdrt. =3 ApoE
¥} vjwdte] H1/H2 A3 79 macrophage infiltration®] S71% o] = Ao zZ Kol HI/H2
AFA7E TR Aste] AyE A= E50] & Aoz AR HTH(Fig. 35).

11wks 21wks

ﬁrﬂr&ié

Fig. 35. Effects of H1/H2 on macrophage infiltration in aortic valve. Representative serial

sections of aortic valve obtained from each group at weeks of 11 and 12 were visualized with
antibody against CD68.

(6) HI/H27} TR A s EA AR m A=
ot FYH wHor FHASAS 2d ApoE mh$-zd HI/H2E ATF] 3 5 d9L
AFst] Y W sHAEI ZAJAAEY FXE vm, HESIS. 2 23, HI/H29 HFHA7F
E3 W total cholesterol @ ox-LDL, CRP, MCP-19] +X& #94 A @4AARE A5t
A (Table 2).

Table 2. Effects of H1 and H2 on plasma levels of total cholesterol, oxidized LDL, HDL cholesterol, CRP. and
MCP in ApoE-/- mice

11wk 21 wk
wT ApoE-/- H1 H2 WT ApoE-/- H1 H2
Total cholesterol 2620% 33320¢ 2016.0% 2476.0% 2870+ 2012.0% 1700.0% 17340+
(mg/dL) 13.44 650.02" 214.96' 2.49" 141 226.27 158.39" 4243
12640+ 1365.6¢ 13717+ 135201 7949+ 134011 175432 17732+
ISR ) 56.08 13.59° 10.22 1077 112 199 356 62"
HDL cholesterol ..., 06 gaxo00 9.1+1.06 6.3+1.34 76.5+4.3 3.4£10° 5.5+3.4 5621
(mg/dL}
CRP (mg/dL) D06+0.00  031+0.19° 007+000°  020+011 0.06+0.00  0.27+001'  017£000°  0.09+0.01"
LS 43113+ 151100+ 110101+  1062.82+ 17021+ 618.17¢ 45002+ 40572+
Pg 4269 307.13' 4732 4777 27.00 33210 143.00 5423

Values are mean+S.E (n=6).
1Slgnlflcant difference at p < 0.05 by Student's t-test between WT and ApoE” mouse groups.
"significant difference at p < 0.05 by one-way ANOVA between ApoE™ and H1 or H2 mouse groups.
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2. SFHIHE
7}. Fresh—cut A& /&S 213 AAg Y

DAE 2 s HE

2 Agd AM-E AEE OF T mpEdA] FYE bEA TdrkE ARSI ]
Hdd wAEES #hd HFs] flstd FE 14T Escherichia coli ATCC 10536,
Staphvlococcus aureus ATCC 6538 thatez AAsIgm galnAdEe 8 2 10°-10°
ciu/mLZ Z73gste] Fdol H HEFsIth HEFH vl= clean benchol A 1-2A17F & Ax
5 Ztzhol AHEE flste] AMS-E A

2 71 2o AR EHI gE g4 W (FoldANIEF,
ol |3t9th 0-300ppme] G4A AFdAEAN 200mLel 10g
wEAAdF A B wet 58 FASEA 2034 shaking® T 200mL

F=o|l B2 &7l &A &L SRstEA 13 AlFaFAT

3) GaA ATaAEA JAAAL 2 A=

200ppme] GAaA AFAZAY 200mLel 10g2] vlE §23 05 - 5837 A shaking
3 5 200mL FEEo] #7 &7ld &4 39 3024 1-63 9FaHA AFson, HA
2E= 5T, 10 T, 20 C, 30 ColA mAE AAa7E B2

4) &5 Ay B nAE AL

LESF Axe LEYAALA super ozon 155 AMESIA, & FE 0- 10ppm, A AIZF
1-102] We mA=S ZALIH. sy A AldE, 5% 3 £E, di3dTeR
TEete AR om, AT (LHkAl )& Plate Count Agar i A|(37C 3¢), FFo] ¥ R =

Potate Dextrose Agar B A|(30C, 3¥)oN A vl T colony & A3t

A7EE 150g7 Eo B F npy® F& 300ge TFALS Fdolgrl A gEE Hod
oF A50ge] Eg Aol i, oS d& A8 THsl FEAFTE sHEEE 0%, 2% 4%, 8%,
109, 12%, 14% EolA Z 4olF ths, o] Fgdo HF7IF 75¢s ¥ TSI 24z
AF 80gs H/ME F & = T ARVHRE 200g8 gol £FstL ARolA 45T 4
A 2FEFE FHFFE 108 FdAste] pHE AL, TFF sample 1gS AP FEEE 1077
2 34t 10°7 10 AP S FTF5 SHsATh
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oom J7E E oAz A¥

D 59 Az
TEY Fo Azxe, dF EEH F Ho|xE 25~30°co1w AB10A T A d7hHAIR]
, RET B wolx 200go] & 1400gS wEFstTh &7]o] mwtdS @ 7g3
7b 85~90C7HA] 7Hd) BES F 4L A #e A= Nsw =3 55 ¢dskitt. #t
A7kt RER R Az A vt 2% 5g& FUISISTH

N5 A% WE EBE 5 Wo]2E 25~30CdAA sE10A13t A
H o]~ 200gel & 1400g HEE 5g& F7IstY mmutstith §-7]o mRkd-S
(FAR2E7F ~90T7HA 71g) =9 & FAL shA gsken, A5A =3
ot m9E HUheE SRR Az

ruR

M M1 o

-

)& o, &R
ol

ok E!

23 7}
29 9438

FEFF =47 7](SARTORIVS AG GERMANY MA 145Q-000230VD)E 2o 7pg 1%
& AAN WL obe) RS A FEFFS SPHAL

59 71 SIEEE AASZ 5L 09% NaClgdd 34, #F&A7](POLYTRON
PT-MR2100)Z #23} 3t PCA¥iA|ol| pour platingdte] 37Coll A 48417+ 3A17F vl<F A
o},

4) U/H’ /KHE pH =3

B 71 SRE2AAN W oty RS VIR, AE, o1& 3x3x2emZ FEt FH
t}. force 500g distance Smm=ZE 35} #7‘3 Y AMEeE &
< A AA (Minolta model CR-10; Co. , Ltd. , Osaka)E& Al-&-3}<
108 348l pHZEA 71(DMS.US/DP-135M) 2 S35k o}

Y

A b

[e] hy A =]
e AE ¥ EHEA FE
3 = A8 2g8

st pHE Al

3. AT+ZEH
7F. 1 kA Al At fresh-cut A& 7R

- =29 200mLol 10ge] ok
AA A A (28] 7)ol et 51'?—2_} AASEA 20314 shakingdr F
71 u

&7 127 SRetEA 13 AxsFAn. d49 S0ppm F=
ol BEHLH, 200ppm ©]de] FEoA AHHoR mAES AAF
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Table 1 Effects of sodium hypochloride on reduction of microorganisms (log cfu/g).

. ) Conc. of sodium hypochloride (ppm)
Microorganism

initial
50 100 150 200 250 300
E. coli 5. dx 108 1.2x103 3.4%x102 3.4x102 3.4x102 2. 7x10 neg
S, aureus T Bx10% B.4x103 5, 2x103 1.2%103 5. 1x102 3. dwx102 1.1%10
Totak el 8.7x10%  2.3x10%  5.0x102  3.6x10 neg neg neg

bacteria

& A FAANT A1 sxE Y7t zTo s ol§EeH, ¥y H
£ < 1#35Y 200ppme] G4 A ATFAEA A 200mLel] 10 g9 =S F21 20
L HAAAA Z42F 2084 shakingd F 200 mL FEE°] @ HlolAd &A 1&3F o7t
A 13 AlFsFAT. 2 23 Table 201 Webdniel o] HA| AlZkel] H# st v]dFo]
43t AFE Ben, mto] £E F5 % 2UAZEAY &4 4AE 28T o 20T 1

A7t ooz FHEF G

Table 2 Effects of dipping time on reduction of microorganisms (log cfu/g).

) . Dipping time (min)
Microorganism

Initial
0.5 1 3 5
E. coli 7.8x10% 4. 3%103 3.56x102 2.4x=x10 <10
3. aureus 8. 1=104 3. 9103 5. 2103 5 3x10 <10
Total aerobic 3 >
bacteria G.Bx10 5.6x10 <10 nedg mned

E JEAIE ZAS 7] fd dAA AdasAl AUt 2Tz ol §FH e, 200ppm

EA Y 200mLell 10ge] mE @3 58I JAAsHA 242 2034 shaking
gk 5 200mL FxEol B3 Hlo|Ad A 3T 30x24 9}%8} A AFA TR, olF A T
22 &7IHA 2z 1394 63] wrEsigeh o 23 4 BoldFE A Eo] FAs)
Ao, FAANAME AHFHAFo] Aojx™ 2280 L dUAES xﬂ%é} A HEZ 3024 23] A
H3to] HFd Aow ALEHTHTable 3). 3 AT w2 FIE A 98 4
AA AHAEA JRLE=E= 5 T, 10 T, 20 C, 30 CTAA 100ppm3}F 200ppme] D4 A A
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ZA4 200 mLell 10 go mE €3 187 JAAsHEA 22 2084 shakingdr H 200 mL
2o & volAd &A 183 oFotHA 13 AAHS thg rAE B &3E ZAE
7 -z mE ztolE YER A ZUTH(Table 4)

55|
5
7

m b

Table 3 Effects of washing time on reduction of microorganisms (log cfu/g)

. ) Washing time
riICroorganism

Initial
1 2 3 4 B G
E. coli 9.0 104 5.53%103 8. 3% 102 2.0x10% 3.5=10 <10 neg
S, aursus 5.2x104 3.8=107 5.5=107 4,9%107 7.6=10 <10 neg
i 4.6x10%  7.7x10%  3.8x102 <10 neg neg neg

bhacteria

Table 4 Effects of washing temp. on reduction of microorganisms (log cfu/g)

rICrooraanism o Temp. ()
Initial
Ls] 10 20 30
E. coli 7.8= 104 7.o1=1082 3.8=1082 <10 5.9=<10
3. aureus 6,010 B.5x 1082 9. 21082 <10 2.8x10
Icialeschcbic 5. 1%103 6. 1102 0. 8x102 neg <10

bacteria

w2

= (0-500ppm), FAIAIZE (0-208), A 2% (0-30 TIE & AF A|7F (0-4%)9
FT, E. coli, S. aureus®] FdE¥ WHIE AW E A vle HZH AH 2 —/t% v
g S0ppm o9 @L4A ATLEAE 20 coM —Erﬂ A F FERERE 3024 23
she Aol #FF 71ade &4 AL et A E ) ZHAQ Ao 2 e
o] A A7 @7 T 33 HAH3 #H 3 12#H3E o Ippme LEF FTEI
1-5%9] AZ Aaa#s Vebd Aoz FdEti(Table 5). ob&2] 3% A9 1%
TAM 05%FH7H 2 HWARA Z ndE MW A 7hed A2 Z el THTable 6, 7).
%, peroxyacetate(Vandekinderen &, 2009) % sodium actate(Eano 5, 2010)3 Z-2 AbdAl
Al M= A &3] vu HEZF 298 72 AEHTH

lo = 2 &
r}N 2o fn mg
o

_l

-lrr’

A e
A%
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Table 5. Effects of ozonic water dip on the reduction of microorganisms (log cfu/g).

Dipping Conc. Of ozon (ppm)
micro-
time
organism 0 0.5 1 2 5 10
(rmir)
1 3.4%10% 9,2%x103 2.8%x102 7.1%102 8.9x10 4,110
3 41104 7.4%103 8.9x102 3.4%102 6.1x102 <10
Bacteria
5 6.2x10% 41103 6.3x102 7.1%102 1.9x102 <10
10 6.4x10% 2. 7x103 4. 5x103 8. 7x10 <10 neg
i 4. 7x10% 3.3%103 2. 7x103 8.6x102 3.3x102 0.4x102
Yeast + 3 3.8x10% 2. 7x103 9.3%x102 2.9x102 3.5x102 6.5x10
i¥i[sls} 5] 3.0x104 6. 3x 103 8. 4w 102 6. 2x 102 9.3x10 4.2=x10
10 5.9x10% 9.8x102 5.2%x102 1.2x102 3.3x10 LalE;

Table 6. Effects of citric acid treatment on the reduction of microorganisms (log cfu/g).

) . Conc., of citriate (%)
ricroorganisms

Initial
0.1 0.2 0.3 0.5 1.0
E. coli 6, 4102 1. 22103 3.4=102 3. 43102 <10 neg
veast + Mold 3.3x10% 4.8x10% 5. 2xi0f  1.2x10% B 1x10% B 1x102
Al eEblE 2. 7x10% 2.3<10% B5.0=102 9,610 4.5%102 2.8=102

bacteria

Table 7. Effects of NaCl treatment on the reduction of microorganisms (log cfu/g).

. ) Conc., Of table sah (2a6)
rMicroorganisms

Initizl
0.1 0.5 1.0 1.5 2.0
E. coli §.9x102 4. A=103 T.1=102 3. 8x102 <10 neg
veast + Mold 4.0=10% 3.1=10% 4.0=103 Z.8x108 6.3x10% 8. 7=10
I L= 6.6x103  4.5=103 g.8= 1072 5. 6x1072 7.5=10 <10

bacteria
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ok Hb 13 Alxvle i
ok 7R ] nAESHA, o|glstA AEWEE HEI A3 27 pHe SAHUSES
b A7kgel mek QAs) Weke Aol okl Zast Frbel wEHQ R aY=E Mol
ZAthFig. 1. = A7kl W2 375 53 ARE BW ot npEwe] Hsle] Boldss
FHFE F7lske AL & 4 JtH(Table 8, Fig. 2). 7|& a7 AFdME a7t 5 AF
FE NUAAE FHAT o F H0YAAE Fhsrt 0097 ot Tl Frsgon,
mh g LFFelA ATt gt BaEo] gtk mf E2o] wdEo] Agsted B
JFrozA 9T Sn Yt oz BREL. ®W, ppbR FHFol FHPel wet w3
T AE7F FUrekTh 9 LEVE B H wet Sk HEHsE 14% vhbE o
A g Zok(Elel® mAA]).
Table 8 Change of pH and microorganisms of hot pepper soy paste with Chinese yam
powder.
Yam powder (%) oH 7;5fotal bacteria (CFU/ml) -
10 10
0 512 105 23
2 4.84 121 19
4 5.46 63 ~ {contamination)
8 5.15 174 61
10 5.06 226 45
12 5.05 145 28
14 5.11 300 1 58
5.6
> rsae
5.3
212 =512 =5.15 =5 11
5 =506 =505
S aas
4.7
4.6
4.5 : : : : :
1 2 3 4 5 6 7
Fig. 1. Change of pH during fermentation of hot pepper soy paste with Chinese yam
powder.
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(CFU/ml)
300

250 7

200 7

= 1070
150 m g7
100 +
0% 2% 4% 8% 10% 12% 14%

(=]

o

Fig. 2. Change of total bacteria of hot pepper soy paste with Chinese yam powder.

2L 7 e B3 nge 2 & Oda REYE nE ZQUe TEYEY SR
S-S =43 23 044 B} 38AolA] ¥e X2 HYD 6¢44 A =& FAE HY
t}(Table 9)

Table 9. Change in water activity of Muk with seaweed and Chinese yam during storage
at 15C for 6 days.

Period (day)

Muk

0 3 6
Laver + Olbangae 69.58 57.05 78.06
See mustard + 63.93 13,831 66.63
Olbangae
Dotori 80.9 56.97 59.71
Dotor1 +
66.68 41.04 56.15

Chinese yam

e A7hek 2l 59 vge A7 S 5 293 =R S vke AU REEd
= FHEFE 5T A3 Table 1037 Zo] Uebdth z7|de mlde A7 470 =0
7 e A9 FHEE HIA ATzl mel 447k Hlage W A4S HUR 290
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Table 10. Change in total cfu of Muk with seaweed and Chinese yam during storage at
15C for 6 days.

Period (day)

Muk
0 3 6
Laver + Olbangac 3766.67+ 585.95 AT66.67+ 737.11 633333+ 11547
See mustard +
300+ 100 3600+ 600 6333.33+ 3055.05
Olbangae
Dotori 1233.33+ 208.17 13066.67+ 1001.67 24000+ 4358.9
Dotori + 3533.33+ 850.49 976667+ 247858 43000+ 8544

Chinese yam

Aty oz HAuAdL WP s FIAH S A e JAZA dutdez dio o
2o42 o gud B8 Az 4 vty Bustn YtH(Choo and Ahn, 1995). 3 2 9]
Fo EAste 2ol AdAZ 23S F4 A IS v Buska ot

AL H7Mg ) 53 rde Zoigk el 5 aEln = Eg
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Table 11. Change in texture of Muk with seaweed and Chinese

5C for 6 days.

vam during storage at 1

Period (day)

Muk

0 3 6
Laver + Olbangae 1835+ 4.73 187.1+ 30.42 2071« 894
See mustard 1533+ 1155 151.9+ 12,57 201.1+ 16.34
+ QOlbangae
Dotori 1237+ 15.08 204.4+ 491 141.0+ 1051
Dotort 219.6+ 8.63 2107+ 459 236.8+ 5.52

+ Chinese yam

Table 12. Change in texture of Muk with seaweed and Chinese yam during storage at 1

5C for 6 days.

Color
Muk
L a b
Laver + Olbangae 34.6+ 0.52 1.5 4,13+ 041
See mustard + 3843+ 0.65 -3.13+ 0.12 10.3% 0.62
Olbangae
Dotori 4097+ 055 87+ 0.1 2197+ 0.15
Dotort. + 4167+ 055 927+ 0.35 225+ 0.62

Chinese yam

F 2 B ngEs AHUkg &l B oaela =EHER s AU

el W2 pHE Table 13¢] UelHt. BE EojlA #F 77t et 6L wjol A 7}
d 3 FAE B3 A7) mEl tha vol e FXE Bt g
EfEo] gyl EEFE Hr} pH/l 2gen AAFHoz TEIEHUE

o &

nhg Arke =

W7 Eol p7t

Table 13. Change in pIl of Muk with seaweed and Chinese yam during storage at 15C for

6 days.
Period (da
Muk (day)
0 3 6
Laver + Olbangae 6.74 6.67 6.27
See mustard +

Olbangae 6.89 7.03 6.64
Dotori 589 583 5.65
Dotort + 557 561 544

Chinese yam
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Table 1. Processing for sugared Chinese yam

>4 1 >4 2 >4 3
H]— l]]— ]]]_
) ) )
Az =2 vl Az =2 vl Az = ek
) ) )
AE(FA 35 mm) AE(FA 35 mm) A (FA 35 mm)
) ) )
H2] 7| (FE= EdA 15) H2] 7| (FE= EdA 15) H X7 (FE= EoA &)
) ) )
7+ (50% ZoHoA] 1Az, 7+ (50% FMol A 147, 7+ (50% @V ol A 24] 71,
100C ©14h) 100C °]Ah) 95-100C -&A)
) ) )
2 () AR (B60C AZ7]oN A DA (60C HAx7]olA
TR 2441 71) 244171
) ) )
AZ60C Az=716A A (GER) 7FA(70% el A 24131,
24A171) TR 95-100C A
) ) )
A% 1 AZ260C Az27]0) A AAG0C Ax7]olA
o 24X 71) 2441 71)
) )
AE 2 A (™)
)
AZ60C Ax7]dA
2441 71)
)
AE 3
2) 7 A AxE fst F TPy 24 & F2 BAQEAD
1392 Ao 2-HE 34 302 np AAE A ZRs

(3) v F2ksk v} A AZZHEARD

Oh v B4 Az
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o
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T + AARAE

w2 Ao
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o 7] — 2EFe]
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Az Gl BeH HAFA-ZeY, A=-NE4AA, PRS0, H35 4
2 & =459 FNHHL ok 43 6g2
%, DPPH % ABTSHO R Z33tgth mhaiaish niojae] 3es
sgoM, RE BEAAE QU 4z ¥R UAsEr,

3. 723
7h vk A Az 2 dHS A Axedadah
(1) 3 T4 W = FIo B

A FAHoE AZd FTe] RGO g 13 #th dvozm Az Fyle] Mo 3 Ho|gloen 3}
Fo 7 e Hupe] Mo| 7h e Ao g YElT

Fig. 1. Sugared Chinese yam (numbers in figure mean the processing number).
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©es] 50% FAHAA 1AIZE ZHEst Az FI(EFH DY FAT 240-312gelReH,
50% FANA 1A17E 7FEstn FE3 FHF S A8 60T 24417 o AR FIHFH 2)
o] FA= 311-358g°lth. Be % 500l Al 70%2 F7HA71H A A xS F2HFH 3 FA=
7 A 406-432g0l A (Table 2). o= FHoNAM Y S uFS AFEStY Ax3E HFzeo] £
7F 7HE 9 hrﬂ ol & ﬁﬂg BAZ7|7F A7FA F FollA AL AA whell AFESI7L
o] 7 %171 13} AART. E3 e Aol AR 33% FEH A7 WEd oS
o AE7} 0%?4 < Zloz AZHE

Aol FAe Awrdez 30-37mmelle™ 4d®
Aol Az F AF oA 237 EY Ao

Aes o] &3 A7t A AA 15% 144944 TAE
L 10.9-12.4%0] YTk ol9} vl g FRIAAHTE dyo)ls AHRr} 0.72-0.76
B FEL o] &3 FIE 036-0412 7} g €
[e)

Table 2. Yield, thickness, moisture content, water activity, and total sugar of sugared
Chinese yam

Product  Yield Thickness Moisture Water Total
Process Sugar o content ..
(g) (%) (mm) (06) activity  sugar(%)
Sugar 298 59.6 3.3 14.7 0.72 81.6+1.4
Oligo-
) saccharide 240 48.0 3.1 11.3 0.47 727+1.6
Fructose 312 62.4 3.1 11.4 0.36 70.4+1.7
Honey 265 53.0 3.1 12.4 0.40 75.5%0.0
Sugar 340 68.0 3.7 15.3 0.74 77.3£0.2
Oligo-
5 saccharide 311 62.2 34 11.5 0.50 734+1.9
Fructose 349 69.8 3.1 10.9 0.36 71.5+0.9
Honey 308 71.6 3.0 11.3 0.39 70.8+0.7
Sugar 427 80.4 3.6 15.0 0.76 80.8+0.0
Oligo-
5 saccharide 406 81.2 3.0 12.3 0.56 73.5+3.2
Fructose 432 36.4 3.0 11.3 0.41 73.2+0.1
Honey 441 38.2 3.0 11.1 0.41 71.5+1.6

- Based on 500g of yam.
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() g3e A=
Aol Mo duks AREE Aol 7B A e Lgkel 634-64901%1eH, &8, 7
= LEe 4099 ke R Ao (Fig. 1, Table 3).
2 © & A2 YEout a1 Aels A4 ¢
2 A& Ueille agt®d = A& UEhE bt 24 AlF AL He &EaT
E o|lg Ayl A¥ HuEo A =o} a= 12.8-194, b= 24.1-30.8°| v}t Feoll whak
A AT O E A Ve F 7 2EAET 2] diEolet AAXY. 53] AEE A

Table 3. Color of sugared Chinese yam.

Process Sugar L a b
Sugar 64.2+3.1 2.8+0.5 11.5%1.5
Oligo-
1 saccharide 43.8+2.6 12.8+1.7 24.1+2.3
Fructose 37.8+1.7 186+%1.9 24.5%3.3
Honey 41.8+2.1 169+1.1 30.8+2.4
Sugar 63.4+1.7 4.8+0.6 14.5%1.0
Oligo-
5 saccharide 43.9+1.6 1477£1.5 24.9+1.0
Fructose 41.6+9.7 19.4+0.9 24.9+2.6
Honey 41.5+1.3 17.1£1.0 27.0+1.3
Sugar 64.9+4.5 5.1+£05 12.2£1.2
Oligo-
5 saccharide 44.5+1.6 14.4+1.7 24.7+1.7
Fructose 42.2%2.2 186+2.0 28.3£2.0
Honey 42.3+1.3 16.1£1.6 28.2+1.7

2 o7 AEFY FHORRE 5mm7tA FEWHA FHI B
A AyE HW(Table 4), 48& o433 A= 4A FHAE Aoz Yehg ole wlo
AESE Aeto] dx 2 Z2ASEA7] WEolgl AAXY. -l wal ke Hole AA T
2294-2747g°] & oS o 0.73-1.26mm¢] I F A T = AT e g2 gL o

$% AAE F AT F A9 2AAA ol Ay

9 & Hol= Zo|7} bmmol <35}
Atk 53 34 17 29 A= HAUAY = 4T3 7oeH 53] 2nTFE AHES FH 1
o] A= 12022g9] & Bk HulA deo] 21 ﬁﬂ]_]% Holw o7t avde AL A
7 AFs] AA K717 AddueE AL ou|dit nf H3pel F 8 F0] FolAo R Y
o

o W B4 308 AzsE= Aol A7 5‘]%0}3}1:}_
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Table 4. Strength of sugared Chinese yam.

Process Sugar Max. strength(g—force) Distance to Max.

strength(mm)

sugar 2751+787 0.73£0.25

) oligosaccharide 12022+2056 4.22%0.76

fructose 4993+948 4.99+0.02

honey 8617+2205 5.00+0.13

sugar 27471191 1.25+0.71

5 oligosaccharide 66051347 4.44%0.56

fructose 37731627 4.75%+0.36

honey 3930£1065 4.53+0.55

sugar 2294+782 0.96+0.29

3 oligosaccharide 28871008 4.76x0.47

fructose 2310+687 4.75+0.50

honey 1567+508 4.70+0.38

b 48

o gael 4A AEE 5+ e Bdom AFL wEC] B AW, A%n 4u4e nAY
W Agol 14 AW Aoz e gngy Be atd WA RHAth 2y
247 £ L2139 17 AEFS AT EE o83 FIo JiEE Fasith AAZY. o
B A" o5 e TRF BUow AFHE Axse] MUY AFE Tows Tt
kA AFS LSt 9g 2] o] aFEY. MRtEo R Fgo] 2 QAU HEF3

{0
rok
L
o
38 N
o

 Fie 34 39

O T — 6]
Aers 718 o= sla or|d g ¥E LS veL gyt Alxsta 12437t
Az A7 FA E5A4E EW(Table 5), &2 A Fritt &4 gl 684% ~83.6%E
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2grh gwHom 0%t £&¢ Rt el AL Amomm wE ol 33w

usl, HF, BE, 2 UFRL 0§ FTE £Fo] o Bl Ho| HYHT FL 27~30m

e 1z 2l 4 % A3t A E?ﬂ%i BE 3 9 ¥ FHE olmoh g
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TRl ARHE dFE 2 £ T FETHEE ARAAE 0712 B AT 2AT
# Aoz UEgoil BE 9 T e 3¢ EFT ARE 05 o5 Y5 £XE By
o e BT FHL 86-8L0%E AR ol Thh Aol® HYon} IR AFL L

T A

Table 5. Properties of sugared Chinese yam made of mixture of sugar, fructose,
oligosaccharide, and honey

sogr Mihe Prdwt Ved e et Mee o iy
Sugar 100 513 68.4 3.3 15.17 0.71 75.6
Sugar+fructose 75+25 585 78.1 3.0 14.20 0.50 70.1
Sugar+fructose 50+50 o577 77.0 3.0 11.98 0.41 68.6
Sugar+fructose 25+75 624 83.2 3.0 14.13 0.44 70.8
Fructose 100 599 79.8 2.8 13.35 0.40 81.0
Sugar+honey 75+25 590 78.7 3.1 12.88 0.45 76.3
Sugar+honey 50+50 600 80.0 3.0 12.50 0.41 73.6
Sugar+honey 25+75 589 78.6 29 12.52 0.37 71.8
Honey 100 627 83.6 2.7 12.43 0.33 70.5
Sugar+oligosacch. 75+25 544 72.5 3.0 12.63 041 76.7
Sugar+oligosacch. 50+50 A7 72.9 3.0 13.53 0.48 74.9
Sugar+oligosacch. 25+75 569 75.9 3.1 13.42 0.46 77.2
Oligosaccharide 100 566 75.4 3.0 12.15 0.42 72.8
Hute]l MTE H™(Table 6), A8&gto 2 A Z3 A7l AL o] LH(HE)o] 6359032
M a= 125, be 699°Ith #Few vE Z2 Lol 3202, a7t 243, b7} 10752 Z4& 1}
Bt A'3 Bgs 43 AEL 2 T3 %S WER Lkl 35.04~38062 WER ARE
Ao g ZAAas Hrh A8 HES T3 AAs AGAHY A fAE AS HAn &
Auge TR AUE AP BES TR AR @ 280 o Hrh
Aol Aee Aunez wE Ade HW ALrt 2753g-forceE, HWA7EA S AT
LOOmE YehY @esiAsh & 2= AL BAFUTHTable 6). 490l A9 52 HE

T3 Ayes AgAHg TR vt @Ekou HuA7kAe] A7k 3.27~3.92m=z E}
= A =go] Atk P EFF A
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AET 2056~2963g—force, A X722l AZ 7} 3.71 ~4.16m=z AE3s 27 A=z el A
717V A okt

Table 6. Color and hardness of sugared Chinese yam made of mixture of sugar, fructose,
oligosaccharide, and honey.

Color Hardness

sugar MRt . ) S o ma
(g—force) strength

(mm)
Sugar 100 63.09+2.06 12562037  6.99+1.45 2753793 1.00+0.45
Sugar+fructose 75+25 38.06+1.81 351+1.44 14.11+2.68 1507+465 3.76+0.66
Sugar+fructose o0+50  3850+2.66 358+0.84  15.40+1.07 1612+699 3.92+0.84
Sugar+fructose 2070 3b.04+175 533131  14.23+2.23 1014+225 3.27+0.55
Fructose 100 32.0221.35 2432074  10.75£1.63 1263523 3.74+0.63
Sugar+honey To+25 44224327 2.86x1.16 16222253 1461+273 3.76x0.67
Sugar+honey 50+50 42274374 3132077  17.89+2.83 1186+364 3.73x0.67
Sugar+honey 20+75 44556377  541x0.84  22.56+2.29 1118+260 3.50£0.71
Honey 100 34.85+1.30  4.0220.64  14.75£0.79 12132424 3.3520.66
Sugartoligosacch.  75+25  55.32+#4.37 -0.0220.12  7.87x0.30 20661354 3.86+0.61
Sugartoligosacch.  50+50  47.51+260 1.03+0.82  10.76x1.77 2963+1315 3.71+0.56
Sugartoligosacch.  25+75  39.34£1.27 -0.142026 6.70x0.46 24881546 3.74+0.34
Oligosaccharide 100 50.23x4.28  0.80x058  11.07+1.41 2651783 4.16+0.68

st 841 AxF A1) XUFA E4L8 H™(Table
ZolAA] o] gl 100% FEol 0.39°1
oW 100% < i%ﬂ A% 052010k £ A T EFFol BETE FEE
7F <k o S -
o2 A3 Hur} 1119g force 2 7]—% 7o Jﬂr‘%ﬂr PGS EFSALY PEte =z
zZ3 Ayle 800g-force ©lstgth. FH x| 7t=
1000g- force °ol3tel® A= ©Hl AFo] gle F
sk Jobe] A4 gHo] BARAY &gtz
Table 6914 #HEgrez Ax3 Hzte] =}
o] =7} 2651g-force Al v, 22 Fdoz AHd T 79 A PM ARV = s
AREEE mFY] xpol AL AXAITEE 12417b0] obd 8AIZEe R sl HxH HETF ¢ E
d Ao ARG,

Fl

l—N

o
E=pe)
M o o2
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Table 7. Properties of sugared Chinese yam made of fructose and oligosaccharide.

Hardness Color
Sugar MiX'}ng M(()ij:)ue Wét?r max,  distance to
ratio J0 activity strength max. L a b
strength
(g-force) (mm)
Fructose 100 1354 0.39 654170 1.41+0.17 44649 491207 21542

Fruc+oligo 7o+25 12.72 0.40 706172 1.57£0.17 45913 4272026 209+34
Fruc+oligo o0+50 13.27 042 680194 1.60£0.12 41.0+46 211+1.89 13.8=4.0
Fruc+oligo 2075 12.88 045 792483 1.83£0.18 30.8+15 140+093 104=17
Oligosaccharide 100 14.84 0.52 11194257  2.00+0.34 36517 091£030 6.6+1.0

o]
4439g—-force® AF3] =gkl Lglardo] 30, 40% EFH A FEE 21087 2130g—force=
= ATE BYt. dubyeoz Ay g1
1:1o] e Ae=wm HT orjME 48 Azt

fr

, FE 3 1206g—forceE A7

e
o £o2 e ® 2T Hel I
3

2
o
AC)
-
¥R

e e & gTh

et o A =(Table 11) ARE-3H B9 FF/ol sl
o] g AHFAA v BT A8 Aol B AHHU L3 FasEE BTk AL
Fol TR wetAe HFH SYAFE TS BHUE DPPHRE A &3 3iksl g o] 34.3%%}
57.1%(Ztz}, Bk 2 miE Tz H3hz o2 FAE FygEg 44 =30t ABTSHe 2 =
Ak gitstE s #g gEn gt Ao A AL =ol A 82.2%% 83.8%°] Tt
ol o] Foz Axd HujolA FE3 F FEds FFol OE A FHAEG =2 053

- 233 -



Table 8. Properties of sugared Chinese yvam made of fructose, oligosaccharide, and honey.

Mix— Moi Hardness Color
S X O Water max. distance
ugar me ture activit to max.
ratio (%) Y strength strength L a b
(g-force) (mm)
Sugar+oligo+ 80+10+ 65.7+  1.79¢ 131+
honey 10 10.57 0.48 1863+443  2.09+0.47 19 0.64 15
Sugar+oligo+ 70+20+ _ 63.6x 076z 12.1#
honey 10 9.57 0.38 4439+2057  2.03+0.50 99 059 11
Sugar+oligo+ 60+30+ 581+ 118+ 125+
honey 10 11.70 0.44 2108+1220  2.13+0.27 51 070 16
Sugar+oligo+ 50+40+ 524+ 153+ 13.3#
honey 10 9.97 0.39 2130£1194  0.87+0.32 6.3 071 93
Table 9. Properties of some sugared Chinese yam.
: Hardness

Sugar Mix- 1?:/[11(;168 Water . h distance to max.

ing ratio o/ activity =~ Mmax. strengt strength

(%6) (g-force) (mm)

Sugar+oligo T5+25 10.00 0.52 1206413 3.36+£1.03

Fructose+oligo 20+75 11.70 0.45 847184 3.80+0.45

Sugartoligo+honey  80+10+10 8.41 0.46 896£140 3.69+£0.56

Table 10. Antioxidation properties of water extract from sugared Chinese yam.

Mixin, Surface Total
Sugar e DPPH(%) ABTS(%) polyphenol
ratio treatment
(mg/g)
susar 180405 nd 0.370.01
Sugar+oligo 75+25 powder
vam flour 28.2£4.0 18.3+3.4 0.45£0.05
susat 24.3+0.1 14.5%0.2 0.58+0.07
Fructose+oligo 25+75 powder
vam flour 20.1£4.5 14.5+0.2 0.56£0.01
susar 30.5£0.4 nd 0.43%0.00
Sugar+oligothoney  80+10+10 powder
vam flour 28.9+6.4 9.7+0.5 0.48%0.01
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Table 11. Antioxidation properties of 709 ethanol extract from sugared Chinese yam.

Mixin, Surface Total
Sugar ne DPPH(%) ABTS(%) polyphenol
ratio treatment
(mg/g)
susat 35%1.4 67.241.3 0.3820.03
Sugar+oligo 75+25 powder
vam flour 37.3£0.8 81.5£1.0 0.42£0.01
sugat 34.3£0.5 82.20.5 0.53%0.02
Fructose+oligo 25+75 powder
vam flour 57.1£0.1 88.8£0.4 0.62£0.03
susar 6.1£0.1 58.8+0.8 0.45£0.01
Sugar+oligothoney  0+10+10 powder
vam flour 20.1£0.4 73.9£0.3 0.54£0.07
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Table 12. Sensory test for sugared Chinese Yam made of mixture of fructose and
oligosaccharide (1:3).

Age group Appearance Flavor Taste Texture Overall
20 6.8£0.9 5.0£0.8 6.5+1.8 7.0£1.8 6.8+1.2

40 6.8+0.8 6.0£1.3 7.2£1.0 7.2%1.0 6.7£0.5

50 7.5+0.5 7.0+1.7 7.8+1.0 7.7+1.0 7.8+0.8
Total 7.0£0.8 5.8+1.4 7.0£1.5 72+1.4 7.0£1.0
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Fig. 2. Sugared Chinese yam made of mixture of fructose and oligosaccharide (1:3).

o o} Aok of o Az 39 AT Az
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A&, 1 S 37 2RSS BEE 3HE T U E 0|85k Smm FAR Fdd s 5
0CollA Azst »F AE AzAT 23y v 2EE ARESE 1) b =7t Wi
et A717F Z@st ARt oy s Axe Frte vhe] dli AR Ao A AFS s
7] WZolet AR

B ZVIRE v £ #UEste wE wk BAE F9 54 A2 wE vl 2Ee A}
43 ARtE Fege 2HE Ko AH3] Qrlde FA G ek dRs F
7t2 Este] nl AAE Az dubgo g ARL BEuixie] AL£S whE|ste] il
P9 7tFAEY AEE EFES BV AT ASFFHAA JES HUtske AE AR 9]
d 9 g Eoltt =3 FEE BEARY 2E&S Wt AR 2ol Qi

o BRI FUER AR A2 KIS AUt Az 8t A2 FEE HH(Table
13), v} £y F B 74z AES 747 10022 st A"ge 50 e n At HPEe
9900g—force®2 433 Gt AAAED A FFE ¥ AX 7810g-force® Ad3] o
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Table 13. Hardness of Chinese yam cookie added with potato starch and lactose.

Formular Hardness

Yam flour Soy flour Potato starch Lactose Sugar (g—force)
100 100 100 0 30 9900+2460
100 100 0 100 30 78102020
100 100 50 50 30 73302600

Jel3 2AxgEClER®S Aol B BAE Az
s dg 4

sHE
g A AUTHTable 14). AL B £HEL 22

50 H7Fsk vl Ao F=rb 42007 4380g-force® Ho] Hi Aol APslgen, 1~ ES
20 ¥ AL A=7F 2010g-force® WF F=2l9] HA FAAE Bl AUT TU2LE
g 08 FRED AA 22 e nguAQl otxmge] X3Eo] r] Wiy HA v
EE P2 FEOR FAFTA Atk £NES VMG Zle Fdol wol WA AdE
€ MR Aol 7 Sk AdYEL 49 g FAE fEEA g A9 e

F7] WZol AZAFHQ v B B HF3 FRetn o ARG
TRk AAAR tded 537MES SeedES FUeteE vk AR Hrde 2 3
Fe FA FUTHE 15). F7HEED)L AAHEE M A A=7E 4280g—force =T,
S AAHES 7S Aol 4930, MFFH SEFHES HIISE Ao 4990g-force® &

AelE el RkE G S LA 29 Gl foree B8 FRed Ao
B Fo FRMITH Tk AR FHol WAL mHRY Bxo] o
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Table 14. Hardness of Chinese yam cookie made of various sugars

Formular Hardness

Yam flour Soy flour Potato starch Sugars (g—force)
100 100 100 xylitol 50 4200£1350
100 100 100 sorbitol 50 4380+1460
100 100 100 Green sweet 20 2010£390
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Table 15. Hardness of Chinese yam cookie made of black soybean and corn starch

Formular Hardness

Yam flour Soy flour Starch Xylitol (g—force)
100 100 100(potato) 30 4280+1500
100 100(black bean) 100(potato) 30 4930+2090
100 100 100(corn) 30 4990+1420
100 100(black bean) 100(corn) 30 6180+2850

A4¥ 29, A zPor wdEHE T PR Az nh Axe] BE5HAE 9How
6199 AL ez AAsgth AAHe R 54 sty HEE do] BHEY wI AE
@A EATH(Table 16, Fig. 3). 2 FAA FAdes ALEL A7 o] AAHA 7
ToA 488 do] 7R =9tk mlrl AUD Q= =9 w 5o 2moz ol
Falrlole BEalgon, 9 dwdo wuely ol AFEo| HerE AHol

—_—

5% o
322 ol

3o =
) .

d 5= H7I AFNA
A7kl =79 =goe R

Table 16. Sensory test of Chinese yam cookie(9 point method)

Formular Appearance Taste Texture  Overall

1. Yam flour 100 + soy flour 100 +

+ + + +
potato starch 100 + xvlitol 50 4.8+2.0 4.8+2.0 4.4£2.0 4.8£1.9

2. Yam flour 100 + soy flour 100 +

+ + + +
potato starch 50 + lactose 50 + sugar 50 194138 16+20 A2l 1.6+1.8

3. Yam flour 100 + soy flour 100 +

green sweet 20 4720 41+1.8 4.5£2.0 4.2£1.7
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Yam flour 100 + Yam flour 100 + Yam flour 100 +

soy flour 100 + soy flour 100 +
potato starch 100 + potato starch 50 + lactose é(?é egogv el(gco 26
xylitol 50 o0 + sugar 50

Fig. 3. Chinese yam cookies.

(2) u} =

nl Eol] FUFEe} AEE At Axg vl HAbe] FErh AnjRE wolSolvlo=
A TSl v Bl dS Hriste] ml MBS A XS HHBe dule] Y xS
olgste AFLE AFol mAF AFol TIHER A=E HF< dHe A A3 UdSs
A2 o A=

m BBl g Zo] Azt |4 dMs wAH AFVIE MEA E F 29 59 7
S 93 AFVNE ol &3t Ao 2L BETH o] wl EFoY ZUIEE Yol wEA 4
2 oF, ATy 21 A4 AFAZ] AL 100T LBoA 1A7F 8k

il 40goll BFE 30g FIste] 2 @S wE 7)o np By FrtEe EgE(mho) o
sk Fo viEE] = 0, 10, 25, 50, 100%)2 60g wol e nl W] FEFHY AHfHEE B
H(Table 17), F 29 wigo] 22 100:0% 100:10 M2 #wE v W3PS F=7F 160 I
610g—forceZ 23] <Fsll |A FAA AgstA] &gt T 29 g7t 25% o] gl A=
Ao wet ZA A=V 22 gsken FAHo] glo] Ar "HolAe FEstt. S
45g2 2 = AHYANME F e Fu|7F 2 07 10%9] M3 =7t & g4A FAX= 4
o HAFEAY, dutyorw Boo] ko] =& mefo] At ¥ A FAAE Fdo] U

.
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Table 17. Properties of Chinese yam meringue made of sugar powder.

Formular Moisture Water Breaking

Sugar Yam flour + Yam flour : content(%6) activity strength
powder{(g) soy flour(g) soy flour (g—force)
100 = 0 0.0 0.18 160+110

100 : 10 0.0 0.16 610£330

30 60 100 : 25 4.0 0.14 2250+£630
100 : 50 3.8 0.13 2560750

100 : 100 3.8 0.12 2450+740

100 = 0 4.0 0.15 110£40

100 : 10 3.9 0.12 820£410

45 60 100 : 25 4.2 0.15 1290+440
100 : 50 3.9 0.15 2630+£940

100 : 100 4.7 0.14 2280+990

Formular : based on 40g of egg white.
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Table 18. Properties of Chinese yam meringue made of xylitol.

. F(;rmulir o—— : Moisture Wfdtfer Es:f;l]{glilﬁ
Xvlitol(g) sfén ﬂo?ﬂg) saf)rxlz flour contentizo) - activity (g force)
100 : 0 5.6 0.15 240+120

100 @ 10 4.6 0.13 580+310

30 60 100 @ 25 5.6 0.15 700340
100 : 50 8.7 0.33 420+£210

100 = 100 8.9 0.35 560+170

100 : 0 5.1 0.24 90+40

100 @ 10 5.1 0.15 370£260

45 60 100 @ 25 3.8 0.16 220£70
100 : 50 54 0.20 510+£140
100 = 100 79 0.41 1360+460

Formular: based on 40g of egg white.
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Table 17, 18914 A3k wjdu|2 HAekd 37FA] = Y 1%(—“‘5:5L 30 + v B2 1007 T &
25, 9 30 + " 2% 1007 F 2 50, x}E‘El% 30 + mF 22 100 thsf 32789 Ay
FHE A5HALE AAEEH. 93 AxEe= 1?:5} A7 (Table 19, Fig. 4), 9B &

2 ALY ES AMEst FEZO HIHEHA 7%401 5.8382o2 71 =drh ol #HW

2 gk A wjFolg} JAX E}E H of] A] TE MHYED 32 JFEE BYTh
3] 22 WA 44385 Aol 7 Skt # ] ééfﬁ ol A7 7ho] Qar z|ote
A WEolgt AAAY. 9 01 sk Mol 519 AFE Ao 93 WA Ftel TP

= 3
S o

rH
=

AL, o)A 1} FHAY BEHF 44-48(F 16)ETHE Fgo) AA ez 1
T2 oty Tt

Ao fr Jet o (o to mE

AT
T

Table 19. Sensory test of some Chinese yam meringues (9 point method)

Formular Appearance Taste Texture  Overall

sugar powder 30 +

+ + + +
flour 60(yam flour 100 : soy flour 25) 0.0£1.4 A7£1.7 0.5%1.7 o.1+14

sugar powder 30 +
flour 60(yam flour 100 : soy flour 50)

xylitol 30 +
flour 60(yam flour 100 : soy flour 0)

0.211.1 0.311.3 49£1.5 5.1+1.1

0.811.6 49+1.8 4.4+2.2 4.8£2.0

Sugar powder 30 + Sugar powder 30 + Xylitol 30 +
flour 60(yam flour 100 : flour 60(yam flour 100 : flour 60(yam flour 100 :
soy flour 25) soy flour 50) soy flour 0)

Fig. 4. Chinese yam meringues.
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A 138 BannEe] 9% vh V154 e wESEAE A

1. A

1

ATEEGogur)E Af EE SARES AT, AR YEAA BE FAFOR Hus
aFn| 7} 7@&2;1031 —r% i ol9o FHAbwto] A4shE lactic acid, peptone B peptides ©]
sl i, AYBAHEADS B ES FAdy Aoz A% GRS o7 AGFA
EH7F 1] —’FEJP FE3] Ul Jom, Fakwe F8 S0z FU AN 7F9 #A,
meEA, Gk 57 A Rl oA 2 5 ZU2HE ASE 59 2t e Ao B
DE e FHZ 5 o tigh AR REY Falo] EolH uwel 7Ee QTFEEV} VA=
7154 foll e AFAAE o8t Aol FAIE QF2ZEE AxsiEe A7t
g3 APHD JQEH, vt E5FFEE, WA B, fEA QUFEE, SAFEE, 1A
29, vhs 22 9 3okE $59 W7k 59 47 Aok

vH(Dioscorea sp)v= WA WYEH 2ES A 2 ofduiA| A e EX
e AFIAEZA, oA AR, HAY Tl fasta 44, s, A&, A, ok,
A7AE, FrtElEod 171 e Aoz d#HA don, evaty] HA A F AEER
A G A <k 70% HE7F ArrE 3L o} v Dioscorea batatas Dence)®] FRAECZ2E HE
o] AA|Fe] 8~24%, HAEo] 06~24%E =AY, FLAHECEZE amylose, cholin,
saponin 5 °| X Eo Qtt H mlo] F8 oFgAdREoRE LA steroidal saponin THFSH

i
e
EY
)
o

A Bgel Telshs Ao oA e, AL DNA BQHelE WASE & SdHoly
g, 3¢ 3 FEF A4S Fol LEA U
G2FE T AR ASHT YL B ool HAIolE FAW /54 4FLAE 2

A Eo] AAAF Ee V54 AF Azl HIETWA I AREEe] ket Ak R YT
Aol Al ATz vl HAEo] TF% A ASH angiotensin converting enzyme(ACE) A&
72 Jehdtts Bue ZY 22 AstEm, (A BiES Asgd 2 3 Sdwo] &4
ol Bigo ot 2} mkE o] &3 TR %ﬁr STFEE Az #F dFe m
Holth, BSo] Monascuss #F5 43 dan 7t RF2E AZxof g A7de dFs
H 54 LdEAFNA uhe ZEFQ S B3 A7 Qs

wEtA B dAFoAs np 7bEdE AT dgow
g STEES AxFHE FHotr] st FAEHJLH, Hold ofg] A<l Eﬂrﬂ
I (Monascussp.)¥ ZAHTE o]&35te] nho] 20ttEE Faf Aoz ‘?—-_-LEU
st QFEE AxA FHibge A mAe 9FH G
59 AYEA aE AT

i ©

i _]>~
E
ro
>

f
o
’
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re
-1
ol
L
it

7b AE B A eF

B AN AREE 1 AlEE 200997 2010Lﬂoﬂ BE HEollA AuF Aew riEE 3
dEn 2ES AMESReH, rtEEe ntE AlH & AAS AASa, ddste] 60CAA &
ZF Azt Algstgon, want B2S Monascus sp. MK29 Lactobacillus brevis HLJ59
TFE o83 28 BErLE 60TolA T Ax F BEgste] & Aol AHEsin. 272
E Az AFEE 59 EXEF= 1%—1—11—(560111 Milk Co., Ltd., Seoul, Korea)oll Al A4k
H AEFL AR 393, Folin—ciocalteau’s phenol reagent, DPPH, tannic acid, GABA (¥

—aminobutyric acid), angiotensin converting enzyme (ACE), hippuril-L-histidine-L-leucine
(HHL) $-&Sigma-Aldrich (St. Louis, MO, USA)oll A Fdste] Algstgom, o 2o A<k
%3 2 07 e ST,

Ao AHE-S T A FATY, SR EREAE 2 A FTATLAANA B
o BFFF 2 B AFAAdA A B #FE AFESIYT. ST AS TN A
Asol 4% Ao 7w FALE Monascus sp. MK2 #55 @artsE Azs<=d 2d¥d52 A
Usle] B Ao Algstgt 28] wante] AzZE Y3 Monascus sp. MK22] Aok
23k 7JEuj X2 3% rice powder, 0.15% NaNOs, 0.12%6 MgSO, - 7TH-0 2 0.25% KH-PO,2 T
q4d %

Lin's #1A& AMgstgem, Eujdde Az FL3 Lin's vl A A s 2

(v/VZ FEFS T 7] pH 60, 1F2E 30TA 130rpme 2 547 F& wjogsty, dxn}

o AxE Q3 FHo g ALY, ZBAMTS A Lactobacillus acidophilus KCTC3171,

Lactobacillus  plantarum KCTC3107 % Lactobacillus  brevis HLJ59E  AM&-3l9 oM,

Lactobacilli MRS broth(Difco, Sparks, USA)oll HZF3}aL 37CoA 2447F 23] Athul &5t
FE &A43 A7l T starter2 A TR

o drEeke] Alx

1o 2 WZAZl t8 Monascus sp. MK2 B8 4% (v/w)E HF 3 5 30CoNA 7¢
™

, BleFAle] Hojg] S WAstaA sFo 33 £E9 FULE 27 &
anke] Alxs 1w dazel Be 0}74] UgE A e, A&E3tY  Lactobacillus  brevis
HLJ59 #j S 4/(V/W)i HqF < 37" 2% & AAISEA T Hj o] &5

=
2astel YERD UM APl B8
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# ARz A

gt RFE2ES AZx

wgnl 22 HUE 3EE QFE2ES AXE QS HUHE2 AduAddES 58 0, 0.1, 0.3,
05, 1 2 2%(w/v)2 AAs92oH, Raw Mik(@-F)et 5% EAEFol 27 d&Er LS F
=2 77t HAriste #Es @ thg 100ColA 3027 Adsigct AdE 7dE deom
WZEA 71 & starterE 2% (Lactobacillus acidophilus KCTC3171, Lactobacillus plantarum
KCTC3107 2 Lactobacillus brevis HLJ59, 1:1:1, v/V)E A AZFst] 37ColA] 12417 &&E A
Aok garl Eu ZoeE AFLE 4CoA BAsHA AFo ALLAT.

-
wagn B¢ HUl w528 QFE2E 9 pHe pH meter(Orion, model 420A, USA)E o] 83} <]
FAstgom, AFAEE A8 10go T3 F/HFE 78k 1% phenolphthaleing

3 &S 7k F 0N NaOH §doz HAsm & FMo] 3027t #X

e AlAAA e anEE S8t 2 AAYE lactic acid FF(0)e= BVt FA5H

(2) Hid 5+ 534
T

dranl B Yol e F2E] gy AL AR lgol B2 AYEF 9 mle ¥y #23)
3t T 10X e g2 3]A45le] Lactobacilli MRS agar (Difco, Sparks, USA) H#uj X o] A8 E

S5l 37ColAl 48417 wlkdt | AAdE A4S A S5t AE ImLE CFU (colony

forming unit)® “ERH AT}

3) waeke] Ma 23

Lanl2HE A4 L ofESs FEER St 47 23 F FE2HE 12,000rpmel
A 1087 94 Bt 22 4SS AAws7A gAste] UV-VIS spectrophotometer
(Hewlett Packard 8453, Germany)E AF&-3te] yellow 24+ 400nm, orange 2 4& 470nm
2 red Aas S00nmelM SAHY FFE G A7 T gos Yt B3 red
A9t yellow M4e] AAHFE 500nm/400nme] vl & 24 Jdoz vwsda, 1.0 715
o2 dfe] I o] 4L red M40 A4 WOl BE AOR I oldhE yellow M4 A4 ]
go] =& Aoz VJehgen ol F3E (OD) 1L.0S 1 unitzZ JERNATH

(4) HPLCE ©]-&-38F monacolin K¢ A7

dErZEE monacolin K& AHFL dE&&E TEER st9 77 F&53 3 F
12,000rpmoll A4l 1027 94 EEsle d& A5AL 283t =, monacolin K9]
T3 1gol 0~95% ol'g 20mle H7Fste] 30T, 150rpme 2 3A412F ¢t wrbela

oxl N
2o 12
R
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1 3 12,000rpmoll A 10837 94 sl d& M-S membrane filter(0.45um, Millipore)
2 ofztsto] AR ARESI LT, o) AFEE HPLC £ o3 2o

Monacolin K¢ A#2 Luna 5u Phenyl-Hexyl column (250 x 4.6mn)°] F&H HPLCE o]&
ste] flow rate : 1.0mL/min, UV 237molA ZHZE3SIHAA injection volume 20uLZ 3}
acetonitile : 0.196 Phosphoric acid = 55 : 459] H] &2 £FA|7] & ¥+ monacolin K& ©]&
slo] peake] HAMZ A vl FFEA ST

(5) DPPH radical 2484 =3

dgrt dEE FE2EH HUF v& 2E9] DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical £2AE42 Blois 59 #HHE <% HIsld ST F = A= ZOOuLoﬂ
DPPH €98 800uLE 7}sty E3E thg ALloA 1087 w417l & 525nmell A &%
£ =A39th olw) DPPH radical £2AZAL A E83H7MT9 FH7FFY 35 Aol& Hl
ko] YehAQ e, FHNE T 22 ascorbic acidE AHE-EFI T

[e]

B3 H7F vEE QT 2ES £ ZYHE ¥ 4L Folin-DenisH <
Fstdtt. &, F=¥ AFE 50uLdl 2% Na,CO; €4 1mLe 7}8taL, Folin &
Ciocalteu’s phenol reagents 50uLE Z33F thg A2 A 3027 ¥-gA171 & 760nmoll Al
FrE SAHI}YY. EFEZAE = tannic acid (Sigma co., USA)E ALg3le] A5 53 W
Hoz A5t s HFHMCc2RHE F ZsE FFS AMNSAo

(7) 393 (reducing power) =73
2Eeh P7h FEW LT2ES] $UE FHL Fereia 59 WHE $83kd FPsenh
ALY F5q F=E AR ImLel 200mM A4t 4F8H(pH 66) B 1% potassium
ferricyanide 1mLE 22 718 the 50ColA] 30237 49es9n o3 7)o 10% TCAEA
ImLE& 7hsted ¥Hg-& A A7l ohg 10,000rpmell Al 5823 A4 22
of %4 % ferric chloride %¥& 7z} 1mL¥ EF3 &

AEe #UEe FRE oz depan

(8) ACE Asigd &4

HEnl g FEEYH FVF sEE QTFEE ACE AfEAHY 4L Cushman
Cheung® WL <8 HEGs Y SAHSHE. =, A& 100uLo] 100mM sodium borate buffer
(pH 83) 100uLE 7F3F & 377 587t opreincubationA| Z T 7)o J|HE A
hippuril—L—histidine—L—leucme (HLL, Sigma, US.A) &4 50uLE 7Fste thA] 37T A 30%&
7F ¥-8-A171 & 1IN HCl 250uLE 7}ste] wh8-8 AXAZH T o 7)o ethyl acetate ImLE 7}
sted 307 vortexingdt T 3,000rpmo 2 1527 AA4EE 3 F e 300uLE FHsS
o] FEHE 120TolA 4087 &H3] dEZAIZ & FLZ279 100mM sodium borate
buffer ImL& 7}t &3] &sfA1A 228mell A FF=E S48t ACE AMa&dS AAtst
At
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(9) GABA T =4

wEnl ogE FEET FUF TEE QTFTEE9 GABA THF L olH|=AbEAY]
(Amino acid analyzer Sykam, Germany)E °]-&3%F H#F BN HAAIste] FAsHet &art
dzd BEr g FEEF QFEEE 12000 mpmolA 1587 948 ste] A5dL

0.45um membrane (Milipore, Co.) 2.2 73t & Al S BAL8 Aga A&ty rh

3. ATA
71 waele] AdEd w7

(1) gagTe A

nke] A Ee 9% 7154 vogurtE JHESEr] flste YAt Soll Wik VIFAHAEERE
47 GABAE 7J§}3}7] A3 7S E monacolin K, natural pigments(yellow, orange and
red), GABA %S9 E2& UrMIHEE Aaste 7#F2 4873 Monascus sp.& °]83fe] 13}
Aoz 7|FA IS 98 GABAS 7|T¥ dAAES dndY FAF #HHE angiotensin
converting enzyme A3&4S @3 A= Table 137 Zo}.

Table 1. Screening of ACE inhibitor produced by Monascus sp. strains.

ACE inhibitory
Strains L. : Strains
activity (%)

ACE inhibitory
activity (%)

M. sp. MK2 76.27 M. ruber KCCM 11845 0
M. kaoliang KFRI 1158 0 M. pilosus KFRI 1141 52.34
M. purpurens KFRI 1165 44.78 M. purpurens KFRI 1163 13.58
M. sp. MK 804 60.59 M. purpurens KFRI 1134 65.97
M. sp. MKS05 53.88 M. kaoliang KFRI 1155 2235
M. ruber KCCM 60167 71.71 M. kaoliang KFRI 1159 36.26
M. pilosus KFRI 1140 64.03 M. purpurens KFRI 1137 27.69
M. pilosus KFRI 372 2533 M. kaoliang KFRI 1157 14.71
M. ruber KFRI 1138 6.54
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I A3} Monascus sp. MK2 37} ACE As|@ Aol 714 =& #3=7 Aurgoe] Anldd
£ o] &% 1k HEE A ESt] 7L REI T Hxsta BEIste] AEE AR THFig.
1.

op

B T mE A4 AiES BT Table 29 2T}

of ME war FEF ML ANTE HH AdEE FE7F 50%Y o yellow,

MAae 22 1277, 1166 2 1348 unite 2 7 =& M4 FE2F38S HY
, FRTFHS FE ALREHES A= yellow, orange ® red A7 Z+Z; 3.38, 3.28
2 3.38 unit < A2 FEFEES UYEAT EF dEE FETF B%E A=
vellow, orange 2 red A7} 24z} 4.09, 3.14 2 3.74 unite. 2 @2 MAo] F& E%% =
WAtk olAL BRO TZMALE F£84 Mol 84 Mo ez =A 5}
N FEANA F&AF Moot 284 Mart hFE FEHCEA M =2
B Aoz AR

orange 2 red 2}

lo
fru
RIS

Table 2. Effect of ethanol concentration on Monascus pigments content from Monascus-—
Fermented Chinese yam.

EtOH concentration Production of Monascus Pigment (unit)

o Red/Yellow
(%) Yellow Orange Red

0 3.38 3.28 3.38 1.00

25 585 6.00 7.01 1.20

50 12.77 11.66 13.48 1.06

75 12.54 10.80 12.74 1.02

9% 4.09 314 374 091
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(3) 1¥+ & rke] monacolin K A AF

Fig. 20 veERd vle} 2ol 30TColA 787 wiekslS Wl monacolin K AL o ghe
ETE7 ZolAS4E HA ZolAurt AEE FE 5% 4 W 462.78mg/keo® Y =&
monacolin Ko FFHS YeEhlglon o T=7F 95% 4 ule FE5HF & Aol& B F
et 44352mg/ke E monacolin Ko o] thh B FE2HE AL & 5 Ut ol HH
monacolin K7} EolAe Ao FEEHA & {718l g & FEHE AR HY
= o frE&mel &Y AE & AT olHd AFde dEE FET7F 80% ¢ o
monacolin K& F&&8o] HUWIte Kwak 9 ZFe FABIYLCH, LeeS o] Aol A
Monascus purpureus NTU 301 55 o]&3te 30ColA 1087 vj¥3}¥S W) monacolin

)|
K Ad=Fo] 2584mg/kg olthe Haiel vlustyA oF 558 @& 23S vehfigleh shA 7
Lee 59 ZFoAHE 643 vl & 7%= monacolin K #o] oF 500mg/ke> 2 YERSE
o, 74A5EH monacolin K #F#Fo] F7isle ez Busi mels 2 dgoA AR
St #5 9A wdrIte Z2A dE A$ monacolin K FFE F7F A2 4 dedE Az
W, Monascus 4 o592 TEE T3 o|AUAIESY] At #F9 =, HE 7]do AH

5 WgEa) HHs 5 Fatel ool st e AR,

i)
il

il
=

Hi

Hi

Monacdin K productivity(mg/kg)

100 A

oL [

0 25 50 75 95
EtOH concentration(%)

Fig. 2. Effect of ethanol concentration on Monacolin K contents from Monascus-Fermented
Chinese yam.

(4) 1&+ &&rke] F polyphenol T

B Ao ALEE 19 ERkY] e FE5¥ FEE9 £ polyphenol TFS A3 2
= Fig. 3o YEH vle} Zo] 2724 HFE 1A &2 vle} vluste FH3 Ay o

279 A% ogte =7t Eohde = F polyphenol HF EI EolXT} dE®E T
50%Y W 4425mg/kglE 7HE =& IS YERACSH, O o= oS TE

A5 F polyphenol FHL HolAle o2 ZAHUH. LE} dge F=d FE2E9 4
G 2T} TR s FE7F 2olESE ¥ polyphenol FHF EF FolATI} og
& FE7F 50% Y W 6556mg/kge 2 THE w2 FFE UElen, O o|Fde dE& &
=7 #obds % F polyphenol §%F HA| ol = Aoz ZAMEAH.



ol24 714 =& % polyphenol §HS Vel 50% e FEES A9 F polyphenol
ghaFo]l thxTol vl Al oF 325% F713F Ae 7 waE 53 & polyphenol ¥ FU &
H7E Q= AR ZAIHOEZHR BT AHE 29 AAE B3 5 ¥ A, A4
_]

Ha oo
T = S =
FAsARY S TFeAT =HBD BRNSAFE A L 5 BS 0L Aow A=
o}

__ 600 1

2

2 450 —E ——

2 —E

o . ]

(&)

< 300 1

2

o

>

S 150 1

o

s

2, ]

C F C F C F C F C F
0 25 50 75 95

EtOH concentration(%)

Fig. 3. Effect of ethanol concentration on total polyphenol contents from Chinese Yam (C)
and Monascus—Fermented Chinese Yam (F).

(5) 1ek &arte] DPPH radical &2AEA

= Aol AR 1e BErEe oEe TEE %%%ﬂ DPPH radical Aﬂ%“é&
ZA3= Fig. 4o YEbd niot o] thx724 TEE

HzTel B¢ e =7 25%Y o 808%= 7MY w2 6& = YERiRen, 2 ojFdl=

¢

NetE F=7F EoLA4E DPPH radical £2AEAFL dolAs 3oz ZAEFEIT 2ant of
ge sl FEEY At HEzT riRIAE d'e $=7 Eobd4E DPPH radical £
A% L3k FolAT7L o e-& —Lﬂcﬂ 50%< rq1 92.8% 2 7}% =2 §¥S UEdden, o

st A3l= Chung 59 EioA sHitsl A2 T3} free radical &A X8 Aad

ZoE T sl #do] Tt Bustglen, Kwon 52 AHAEUF
EFo & dAlsFol 7MY =U4d FF B2 &4 7 =& DPPH radical £2AH%
el St Rl dAstg et =3 Kang 52 phenolic acid®] ¥%<] caffeic acid,
ferulic acid, p-courmaric acid &3 flavonoidse] Y=< catechin, quercetinﬂr catechol,
chlorogenic acid® X3 718l HlsXd S8 ARFAF #Asl=e Aoz Budhl )
ek B Aol BEA ©E 50% FEE©] DPPH radical A& 22 2L &2
ZF Y9 E g EY Tl TSt Aoz AE T
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Fig. 4. Effect of ethanol concentration on DPPH radical scavenging activity from Chinese
yam (C) and Monascus—-Fermented Chinese Yam (F).

o2 ZAEYT,
% ACE Xi OH%W 2 UrEM 95% oﬂ%l FEE 3% ACE Asigidol o
33 249 shaHs} dE Ae=
o

14}42;15} x3 B Tgoﬂﬁh ACE X%BH%WO] xﬁﬂ %i?i JetS F%7) 95%Y9 o 7+

O
o

2 ACE Adlgde vellle Aoz Hop iistdda add =40l ofd & v &2
01 ACE Adigde vehlied #o3ita ARHE, & d7odA Agd 1d 2arks 19

e At UM 7154 4Feze olgskbs4el atkm A
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Fig. 5. Effect of ethanol concentration on ACE inhibitory activity from Chinese yam (C)

and Monascus—Fermented Chinese yam (F).

voml 2% HJUb FdaEY yogurtd] AE2d &3

o}aiWTable 3).

AdrE HLJ59 #F9 16S rRNA f7|AMES 245t 42 1468bpe] @714<E-S NCBI
Genbankell 5% @7|A<E data base} vlwsted B ZI} Lactobacillus brevis & Z&dF
9l ATCC 14869" ZF¢ 471443 99.7%9] FAL=S JehAthFig. 6). waksd B A3
A 2838 HLJS9 #F+= 16S tRNA F3x d71448 E4Z23AE EHE L brevis HLJ59E
ekl =

o
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Table 3. ACE inhibitory activity by lactic acid bacteria in MRS broth 29 incubated at 37 C.

Strains Source ACE inhibitory activity (%)
L. acidophilus NCFM, Rhone-poulenc 55.4+5.6
Stretococcus themophilus Culture system. Inc. 44.3£5.4
L. paracasei subsp. Paracasei KCTC 3510 62.6£4.7
L. delbrueckii subsp. Lactic KCTC 3636 72.1£3.9
Lactobacillus brevis KCCM 40017 66.7x4.2
HLB-A2 Isolated 82.2+2.8
HLR-G1 Isolated 58.7+4.6
HLW-E3 Isolated 75.1+3.3
HLW-F1 Isolated 36.4+4.1
L. brevis HLJ59 This study 98.8=1.1

Lactobacillus acidifarinae LMG 222007 (AJ632158)

w

Lactobacillus zymae LMG 221987 (AJ632157)
Lactobacillus spicheri LTH 5753T (AJ534844)
Lactobacillus parabrevis LMG 119847 (AM158249)
Lactobacillus hammesii TMW 1.12367 (AJ632219)

Lactobacillus senmaizukei L13T (AB297927)

Lactobacillus brevis ATCC 148697 (M58810)

Lactopaciius brawis HLIES
0.1

Fig. 6. Phylogenetic position of strain HLJ59 in the genus Lactobacillus based on the 16S

TRNA gene sequences. The bar represents 0.196 sequence divergence.

(2) 714 F=d wWE yogurt®d] ACE As&A

QFEES AFxo gojA dutFo g o] & HE raw milk(E)¢ skim milkE FEHE(, 3,
5 7 % O/ W/V)i dte] Aujkst L brevis HLJ59 T#F9] vkl & 4%(v/v) TEE HFE
st &E F ACE AfE8AHES F439S wl raw milkel skim milkE 3% % sl @asty

i ACE 7%11%*301 5881%% 7Hd =2 A2 UsNTHFig. 7). mekA olF dF A=
QTEE AZ9 7|8 71EE raw milkel]l skim milkE 3% TE=Z H7}3F AL ALEEATH

o
=
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Fig. 7. ACE inhibitory activity in skim milk concentrations fermented by L. brevis HLJ29.

(3) TF AZFE I}E yogurt®d ACE A&7

3;21; Az 712 7|42 raw mikel skim milkE 3% F=2 IA713F AL AL
) #59 HFEFEO, 2, 4, 6, 8 & 10%, v/v)oll WE 9&254 ACE Asl&ds =AM 2
ZH(Fig. 8) 1% A 565%<] ACE Asl&AHS Bon I oA Fxis & 48 =}o
= gl Zo= ZAFJT
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+ =
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=
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g4 |
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@
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0
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Fig. 8 ACE inhibitory activity in inoculume size concentrations fermented by L. brevis
HL]J59.

(4) o} 2 ZE v} Bl Hrbo] wE yogurte] ACE As|EA

QTF2E Az 712 742 raw milk + 3% skim milkE 7222 o FFHE FEE
4% =2 é}ﬁg o, n} & %ﬁ F 22 F2H©, 1, 3, 5 2 7%, W/v) 7kl W2 ACE A3
29e Z4% 2% vt g dan % AU EF 3% 7t F=A ACE AsEgol zhzt
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63.7%, 0.7% 2 A 71 =& ALz ZAEJHFig. 9). &arte] A% ml2gd Al Y7l
wE Ay} v wslMe Wl ACE A& Alo] oF 17% F713F AL & F AUk
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Fig. 9. ACE inhibitory activity by yvam (C) and fermented yam (F) concentrations
fermented by L. brevis HLJ59.

5) g8 %9 wWE yogurt®] ACE A3|&Ad

Q7= |12 7122 Raw Milkk + 3% Skim MikZ 7|2 o= 3o #FHZ %
dEnl B8 3% HAUFSES o HELE(30, 34, 37 2 40C) WE ACE AHBAHL

2438 AIHFig. 10), 34CAA LESHS o) ACE A&l 81.3%= 7 B Aoz =

ArEQen, BELwrt Zotge) wEl ACE AL HolxE Aoz et

|m
2,
B
ﬁ
N

(1

80 1

H
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40 1
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Fig. 10. ACE inhibitory activity in temperature fermented by L. brevis HLJ59.
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6) EEAIZ W2 yogurt®] DPPH radical &AAHEA, 3xld4 2 ACE A3EA
A AdFolA HAHZ @ QFEZE AR 715 714 %749 raw milk + 3% skim milk, T
FHE BT 4%, BE0 B2 3% D HFLE MCE st HEFHIS wff LFEA 7Y wE
A
0

o

DPPH radical &2AEA, #2#4 2 ACE AsEAHS 43 Z3(Fig. 11), DPPH radical
AGFE A TE ATl AAAFE HA sopAItrt 24*1 Edy %Eé}ﬁg o 795%= 7}
=4 JElon) oo A Hxdt AoZ ZAMHACH
Aboldl FA3] ZF7tste] wE 2847 1.6x10° CFU/mIZ 7}
R eR=

ACE A& e A= & AZke] dojd4E HA ol vyt 24417 #E319S o
83.8%= 71 =A vEtsen, ojFole A9 Hlxdt Fow ZAMEHUTH
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Fig. 11. DPPH radical scavenging activity, viable counts of cell and ACE inhibitory activity
in culture time fermented by L. brevis HL]J59.
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(1) 2 urgrnle] M4 =3

B AFo M= Monascus sp. MK2 9t L. brevis HLJ59 T#FZ ©]-83le] nle] 2v 9t
AAslgen, 2k &an FE2F9 M4 AsbsS HW Table 49 2t Monascus sp.
MK2 #FE& o83 1d 2E A 7P =& M4 AiksS BeH, L brevis HLJ5Y TF
ofo] 2%k 3 ]/‘1_-_ R R 4‘_%% HAS & 5 AUt 22} HJLSY/MK2 £41¢] 2
Abe]l ko a 2lste] Monascus sp. MK2<¢] A
=

mlm

do b
M
l:oil
fr
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<
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.
—
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(o))
[do)
:l.l
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=
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Table 4. Production of Monascus pigments from one stage and two stage—fermented
Chinese yam.

Production of Monascus Pigment (unit)

Red/Yellow
Yellow Orange Red
Control 0.15+0.02 0.11£0.01 0.03£0.00 0.20
MK2 14.03+0.56 13.88+0.21 15.71+0.90 112
MK2/HLJ59 13.77+0.19 12.66+0.19 14.82+0.39 1.08
HLJ59 0.14+0.02 0.11+£0.01 0.02+0.00 0.14
HLJ59/MK2 0.25+0.01 0.22+0.01 0.33+£0.01 1.32

(2) 2©t &@rke] Monacolin Ko A Ak

Fig. 129} o], monacolin K A S Monascus sp. MK2 #FZ& o] &35le] 1¢ @& st
o 487.9 mg/kg®] Monacolin Kol ¥5-& UEPAALH, L brevis HLJS9 TF9+e] 21 &
ANME 481.7 mg/keoZ 1T HES A9 H=F Ao g2 FAHAG. vt a0 s} mf

F7ER 2 HJL59/MK?2 49 29 F o= L. brevis HLJ59 57} monacolin K& 24
st = @A o] FFTL BAkshe A4 %%ﬂi 18t Monascus sp. MK29] A&

A A2 ZEFOoZ M monacolin K& A4bs E3E e Aoz AAHET
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Fig. 12. Production of monacolin K from one stage and two stage—fermented Chinese yam.

(3) 2t EPlY] F EPdE TFF

Fig. 137} Zo| & ZYdAE T§HFE Monascus sp. MK2 #F 9} L. brevis HLJ59 TFE ©]
|35t 2k HE SIHS u 83B8m/ked F FEldles FFHS JYERNILSH, Monascus sp.
MK2 #F5 o]&3% 1 R A= 7036 mg/kgl 2 20 &g HUu = o7t 9o & ZH s
FFS el 28lv L brevis HLJS9 TF2 o838t 1@ L& 5t9& v} o2&k 2F
stE Aole tazT AAe F Fss FHA 2667 mg/ked A9 vsg FFES e
At ol F ZHAE HRS Wl Monascus sp. MK2 @57} Aalst= 23F thAbEe] & &4

A= 3I3Ee ® thE oz A HLel= Aoz Wz 5= k.

1000
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200 1

Total polyphenol contents(mg/kg)

C MK2 MK2/HLJ59 HLJ59 HLJ59/MK2

Fig. 13. Comparisons of total polyphenol contents from one stage and two stage—fermented
Chinese yam.
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(4) 2& 2arte]l = flavonoid &

Fig. 14} Zol, & flavonoid &#-2 Monascus sp. MK2 #FE o|&35le] 1@ @aE 313 S
o 326.4mg/kge] F flavonoid THE YEMNR W, Monascus sp. MK2 #F9+ L. brevis
HLJ59 #F& ©|&3t 2tk HFAAE 2823mg/kel 2 1 2F Hobs oFF 22 F flavonoid
FHS YeERSY. F E8dEs FF uMAR L brevis HLJS9 T8 ©l§35te 19 &
T SEE wek 2" 2E SEE AteE A 948, T93w/ke2® diEF AAY F
flavonoid Q! 107.9me/kg¥} ¥l st 3t wrolx]= e Uit

400

H

300

H

200

100 =

Total flavonoid contents(mg/kg)

] MK2 MK2/HLJ59 HLJ59 HLJ59/MK2

Fig. 14. Comparisons of total flavonoid contents from one stage and two stage—fermented

Chinese yam.

(5) 2 ZErke] 39 ¥ (Reducing power)

Fig. 15¢} #Zo], &d8 & Monascus sp. MK2 T#FE o|&35td 1¢ 27 39S o 3=
Zrol 152 v o™, Monascus sp. MK2 #5F9F L brevis HL]59 #F5 o] &3 2v 24§
oAM= FFE ghol 1302 17 #E Hups oz @3 FdE 3 YehATt. F flavonoid &
Fa w7 R L brevis HLJS9 TFE o835t 1@ 2E 31& o 2 #E & 7
Folle FHE el 47 09, 0824 x=F AAY FFE FQ 0.9¢F ¥luste A9 w3k
FI3= ez Vet
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Fig. 15. Comparisons of reducing power from one stage and two stage-fermented Chinese

vam.

(6) 2v g rle] DPPH radical AAHEA

Fig. 167} Zo], DPPH radical &H&4S Monascus sp. MK2 T#F9+ L brevis HLJ39 T
FZ2 o]gdle] 2¢r wa 9L W 81.7%<¢ DPPH radical 4£AZAL vehdod,
Monascus sp. MK2 #FE 0|83 1&t @adies 747%=2 2@ &3 Hos o ¥e
DPPH radical 24842 Jeldet 28y L brevis HLJ59 TF5 o]&3te] 19 &g 3}
A& W} 2xk A SAS Afole T AAS] DPPH radical £AZ4 Y 66.4%9 H @
Al Z¥2y 72.8, 68.9%2] DPPH radical 24844 YR

100

80
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DPPH radical scavenging activity(%)
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Fig. 16. Comparisons of DPPH radical scavenging activity from one stage and two stage-
fermented Chinese yam.
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(7) 22 dramlo] ACE A3EA

Fig. 1737} #o]|, ACE As|&4E Monascus sp. MK2 #F ¢} L brevis HL]J59 #F& o]
slod 20k 2 1S w 87.0%<9 ACE Asf&Ade Yehlem™, Monascus sp. MK2 o5&
o] &3 1 LFAME 719%=Z 27t & Hules & ACE AL vehliddch a2y
L brevis HLJ59 #F& o|&3ste 1k 2F 53& e} 22k #EF AS Aole tx=+ =
A2l ACE ANEAQ 53.9%¢t vlmwAl 2+t 84.0, 84.4%EA =L ACE AEAL eI
om o|AL L brevis HLJ59 TF9 F8 4 Fol sht<d ACE AsiEd9 Ailksdd 71
gt Az} At Eh

100
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Fig. 17. Comparisons of ACE inhibitory activity from one stage and two stage-fermented
Chinese yam.

(8) 22 wErle] GABA T
Fig. 18% #o], GABA TS Monascus sp. MK2 59 L brevis HL]59 #F5 o|&
o 27k B SI¥S w 9774mg/ked] GABA oS JEMAA S ™, Monascus sp. MK2 755
o] &3 1 LEME T778mg/kg 2 2' HFE Hruhe e GABA FHE Uehiddg. =3
L. brevis HLJ59 #FE o83t 1& & SIS we} 21 HFE S A= =T A
Aol GABA < 66.6 me/ked vl wslHS w) 6121, 615.6mg/kel B =2 GABA & v}
BT ol3d A¥E Hoks o ACE Asi@Ady} rR7IX=2 L brevis HLJS9 #59
8 5oz ACE AslEA9 A5 o]l9jo] GABA 1AL #3249 SAd 7|18 ZAna

ggo] 7o},
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Fig. 18. Comparisons of GABA contents from one stage and two stage—fermented Chinese yam.

2} 2" 2ant B HIl yogurtd] A &3

(1) 2 @an B FHrlo] w2 pHot 34w W3l
otk WEn Ba-g FwHE(0, 0.1, 0.3, 05, 1 2 2%, w/v)E Raw Milk(Q)9 5% &3
H7Veta EF starterE FEFSF 37CAA 12417 & 819 w) w&Eo] wE pHet
Aol Wsle 2A5tgrt 2wk wEn £ Al wE QT2 E ] pHE Table 59 #Zo] F
749 pH 4.059 ¥wA] 22 @&el 24 Hrt xR wel ol e m(pH 412~
425), 2 dtarl B Yrigo] v SH Y. 2w wart B Yrle] ©E Qg 2E 9 HPA
T Table 59 Zo| FH7FEY A9 092%9 vlnA] 2@ wart % H7l 5% wat 3
AAE EZ 091~097%2 F7tste ZASZ e oleld Z3E= Cho 59 2l A
ol nlg B9 HUF 27t ZoldS4E QT EES] pH 3 HH AR Zolitte Ao}
2ot @ FEES] ulEAS pH MY E 3.27~453 Alo]#+E Chamberd B 1ol Uty oH,
A EE Rasic 50 B3 0.85~1.20% Hate Hio e Aoz Jehgoh

_E_
=7
=

Table 5. Effect of MFCY powder concentration on pH, titratable acidity and number of
viable contents of yogurt during lactic acid fermentation at 37C for 12h.

Monascus-Fermented Chinese Yam concentration(%)
0 0.1 0.3 05 1 2

pH 4.050.03 41220.01 4.15+0.01 4.18+0.01 4.22+0.01 4.25+0.01

Titratable acidity | 0.92+0.01 0.9420.01 0.950.01 0.96+0.01 0.96+0.01 0.97+0.01

iable cell
Vlab(éFCS /nfﬁunts 750+020x10° 877+0.31x10° 9.03+0.15x10° 1.14+0.07x10" 9.43+0.25x10° R8.07+0.35x10°
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(2) o2& Ewan B Hrlo W2 Zika o |
ovk wEwl Ba FEHE(, 0.1, 03, 05, 1 2 2%, w/v) A7te e QF=ES RarEsel
]_ l-:_

3= Table 59k #2o] 2 Havt FE| H7F w=7) -‘Lo}é‘—?% ok 3 F7hsnt
05% FH7HA 11410 CFU/mLZ 7bg && 2d5E Jehliden, ofF ArtssdAs
A ga sk Al= UrEME} Uﬂfﬂ_ﬂ S22t AHEE Z0E HE71E B AR TE
sid FFRARS F FAUNFFE 10x10° CFU/mLelde® FAST glow, & 449 2
HeME FH7bE 2 2vk @ uP B A7k BRROA ZAdss AR HY] o olnz
HE T ARES & S+ ANk ol AFE HE 2wk REel 22o] Frle) whe} ik

1

7o ASol FUEeE ans 2oy 1% 2%2 F7igo] F71E o Zakge A §o
05% ZH7FAIAl vl8] gia dolxls Z3E BYY. I3y 1% 2% H7MAd= F37i3
H Al ZAibe] S-S F3AZ Aoz yeigon, ozl 21 wan 2 Z3Eo] 3l
= oy EFESo] Falge =48 2X5E oz AZRHEY o5 EF td F7F A7v)
)

1)

(3) 2% WEP} 2T Pl WE F FdE FF
3 e AUTS TGP PR BAFL M IUANER HEAC) U REH o

°1°E] free radical% AT 2N 23S AASte] A A AA 2 A3 E 2EfAE
o R

o AggA =42 dHA deH
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Fig. 19. Effect of MFCY powder concentration on total polyphenol contents of yogurt
during lactic acid fermentation at 37C for 12 h.

Ao e 21k wan B 32, 01, 0.3, 05, 1 2 2%, w/v) d7 @2 g3 =
sk A7t Fig. 199 JeRd vie} Zo] E@7F9 139.9mg/Ls}

o] HAVVEET} ZUESE 1614~3299mg/LE HHHe g I Ik &

St ZolA = Aoz FAEHAY. ol YAEQ] 25 wEn o] A
st F ZYHE I S84 =2 @S EYd v 2w 2Evt 2o 3= Hrld o

—[o
©
i
o
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e
o
£
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aT2EY % Fus ¥F 37 =9 Fohs 2R AR 3

g AZEE, Chung So] Bu% w7l 45522 Pl 37 855 3 %EM] el
Z7hshdnke RIS Kang 59 W24 /bl W 3 Beos gl Fbshave B
2k s,

(4) 22 Hgrl 29 H7 ©WE DPPH radical &H &7

DPPH= 3}std oz b3l ¥ free radical® 7HAl = 84 EZZA 515~525nm
BZAA HUFEEE VA= B9 3T =2 ascorbic acid, BHA, EZHE, Wak= offl
F Tl o FHE e Hepdo] gMEo R A st EHY dAFATE SHE o

A&}

B AgoAe ot wtant B2 T2, 0.1, 0.3, 05, 1 B 2%, w/v) F7ld w2 g F=
E9] DPPH radical £&2AEAE 5733 A3= Fig. 2001 Ueld ulol Zo] FH7Te H-$-
16% ol F EHE FHH IR E REEIE E2EY HUbsEUl EolESE
DPPH radical &A&A0o] 54~91%=2 JVElon vlgdoes o A £ Zolxs ALo=
ZALE AT olE 3t A= & FYdlE FRFAAS Zo] dagaet B2 ks g4 47
S 2 FFH< phenol 4E Tl 7% Aoz ﬁgﬂrﬂfﬁ, WA e, oz B, 293U
INF2E 9 2R} F22EL FHU1E QFEZEQA EL DPPH radical 2 AZA4L Ve
O Buge] mel £ AT 27 vst 4 UrEhH?iE}.
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Fig. 20. Effect of MFCY powder concentration on DPPH radical scavenging activity of
yvogurt during lactic acid fermentation at 37C for 12h.

(5) o2&k AT B FHrbol WE 9y

P Fe' ol Fe'' ooz 3 N7E 5L 33 e 2oz adde] F5
= Y3 AsHAZE Hed olHd 98] HAre A3t 24T Bl g Aer o
HA der =& Fdge HAe 222 FRE FA =4 JYEhA 2o

2 wEel B FEHEO, 01, 03, 05 1 2 2%, w/v) F7td @2 QF2E9 HAdHES
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273 A= Fig. 219 vebd vhel Zo] BH7bze A4 FFZ7E 089 oot 2wk
i P e ?J*Eﬂ 113~15322 Jeton F FdE I
DPPH radical 2A24¥} vl7iA2 H71 5 HlElger O 24 £33 EopAe Zem
ZAE AT o2 7 A¥= Jeong 54 EE_OﬂH +a}zl AgH Ll EEHEE o185t %
g9& 543 29 iahﬂ-‘z el 7 wel ZgE 9 =
ek i&it}— HlFol B wf, & ddolAe] 2 i}
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Fig. 21. Effect of MFCY powder concentration on reducing power of yogurt during lactic
acid fermentation at 37°C for 12h.

6) 2¢ BHant B FHrle] wE angiotensin converting enzyme(ACE) # 3l & 43

ACEE renin-angiotensin—aldosterone  system® 83 JAEZ=EA EZAFH
angiotensin-12 %8 C-terminaloll A dipeptide?! His-LeuE 2 AIA 7FE3] oz A 7
3t J#4rE228-S 3= angiotensin-IIE AAsteH, d4S FAaA 7]+ bradykining &84
A le B4R Ax BeAdEYEY dlel Ha vk webx ACE AsiAl= ACE 248
A& ste 2 A angiotensin-11¢] A A A&, aldosterone®] 4] 74, dHIAAQ bradykinin®

27k So e Filol AFFBL YA JEFY AL SANPORA FGL HFo]
2 5 glom, oz A8 4EVAS ¥ HARAP 5 LIYT BAo] e AR ABIE

o AHgE 4 glth

B AgeAe 2¢k @aw}
E9] ACE Aslg&4dL FH%
Aol 60.2% oot 2w
1.7%=2 e on, o
d ES Zolxle AoE ZA}

1:1

2 F=E0, 0.1, 0.3, 05, 1 2 2%, w/v) H7t] @2 gF=

= Fig. 220 Yebd wie}l o] FH7A 9 ACE A3
gul B2 H7bEErt E=oldSE ACE XisH%“éO] 67.1~
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Fig. 22. Effect of MFCY powder concentration on ACE inhibitory activity of yogurt during
lactic acid fermentation at 37C for 12h.

(7) 2%k Harnt £% H7l @& GABA T

y—aminobutyric acid (GABA)+= @ ZoA LA A =
HFd EAste AFA-AE EHAZA E/FE NS HY ’1‘}
A2 N s ST He FUEAR dHA Aok G
A AFAEEAY] hEHA EHAZA, TAEA 2 %EQ‘H A=dl, 4
o] A5t &= (red yeast rice) o= O EA5t= A2 IHA AUt}

B Ao 2vF want B TR, 0.1, 0.3, 05, 1 & 2%, w/v) @7l w2 QF=
E9l GABA ##& AT ZAe Fig. 23¢] vebd uhel o] RV A4 GABA T
o] 2809mg/L ollevt, 21t warnt B HrlEwrl =olES4E GABA ol =obA
304.6~685.4mg/LZ VeI oH, o= M ACE As@AoA g rlx7ix 2 Hrbs=d B E
Heg o ¥ =Y Frbste AR ZAHAH. o3 ZI}E Park Tol RuF
Lactobacillus brevis OPY-1 #F2 @E3 @Ar|QFE2EA] 137mg/Le GABAZF A4 HA
U= 23 EUE GABA o] =9kem™, Lim 5(2009)°] Eisk 0.1% MSG Tf FHLEA
F(129%)N A w3 Lacidophilus®l 739 vl 18A17F ¥ wf GABA o] 600mg/LATH=
A7 FAFSHA T

meha] B Ao 2w wart FUF QFEEE FuEY FA4ET ol GABA I3
71573 yogurtZAM Nk g AAHA Ax 7hsd =

w o l:I
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Fig. 23. Effect of MFCY powder concentration on GABA contents of yogurt during lactic
acid fermentation at 37°C for 12h.
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& vl3} A E(Dioscoreacea)Z =, A&, T A9 G, ofddl Yol d
1= ot gEaFoln, A MAXHC R Frl dul gep Hwp Aep BAjnl GE
Zol d4HA Jdem, I F 109 Fo| A& % okgo=w A&EH gttt I 4t
FTolH, =, T, Bolgd, dE X9 A A AT sitt. 53] rle] RS
=l
%!

l:l

AL oA FA83 FA 2 ALEEEH, o]E AP = ‘AMdo'gta g}
S Aokgo] NEYEE AP, gurHog Aoz 2uHT rh T
"k Dioscorea batatasZ 7= = AlFoln, dutdoez &7 7t
H A7A ZEA7E Z2eAE, 42 s uAY EH Ve Ao s o HE Aol
27LETE dAFE A dAERolY T2 o] foem, £ 6 ~ THe] Wilog Hm ¢
FHEOZA FAF FAE oY £ EAEE AL WAool Wol g o EAE =
Moz AA 2 7 o] d it dule ATz 3719 Euivt . T2 gl €™
FAE g0 A L 1089TelA 11l shAl Bk @A Azt AAge 431180 =,
3% 70% ool AE AFAFAA AAEI AT

Aoks R 74~76%, W& 15~20%, @A 1.0~15%, F A4 1% olst, 3+ 1.25%
, & AL 01~04%°1™, HATEF, ¥R, nd ", 7]E g *331%1 154 &
P ATHCE, 1995). A4 8o dwtgd i 5 7Hd B2 °‘E° A st Aw
2 a3n AR 106%, E- JE 103%, 3 A2 16%°) vl& 1 ol —‘53 , T3
Z3piAeEE AW AAE e wgt WstE L 529TlA] 69.7CZ o2 HiEd vl& @A
v A Reg Baso A sgtEo FAdo] FlEe 540l e, 28 ¥ F547 &
o|gt Aoz HuF Juh(FH F, 1992; A 5, 1998; Ahn 5, 2005).

Hyug oFgdR o7 = O}ﬂii(Amylose), E 9 (Cholin), AFE(Saponin). F41{(Mucin), ©}
271 (araginine), & =Ad(yonogenin), ZHEA d(kryptogenin), T L 2=Ald(diosgenin) &
t;g-_ﬂ_g]__,—_r %1\_0_1:14 1:-1‘— ?:10]:_7/]. A—]iei /kg/\]-o] o]_Q_th u:a-]- J/]—quﬂ ;(] A _%]_EE_ /\]__Q_

AA

2
m
of
o
al
X

Hio o EL'
Olt

ool

]_
L
.
°o 7

e

ol

rlr rl

]o
Hx gtk HZole FuU2HE Adds, Fastts, § G, ¢ UFY &7 2 F 24
Wol ¥4 59 z% 1= AFolth(z
2001; @ &, 2003;

| 8K, ARAEo7 1 Au7L F73 27452 9
1 5, 2001).

¢

9 BUE ARG 1Y AS peFols o4 22 Yepde 89 oF 2US ol
A wE F, 43, A4 53 AvE 8% HFHFOR 7 AT2E dolE AW 47
otk ke F2 Ao} RRE s1FHe] £MHw ot 4R FFT Ho] folX ¢
T AYBANA HR SHLEe fasts EAF0 ol(Kubo 5, 1994) ®7] Hatm 7]
Bz JM5Y FAYHE FFHT ot ofdo] ¥ 3AaEFH JEHe]l "olHE AFol
ol olz) AAFe] ABAFOR vIE 2N F YEE GFF AFAFS AEsA 53

.
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2. A7
7k 7hE

(1) v} A=
a AAd=s AxE AT 33 v 22 34 FEE AxTHLS Fig. 13 2k

33} v} 2 54 Zoa
Azer AzFA
L ]
- ZHE ] A A _ .
A Ees o A A | EEs 59
L !
Q.
A2 Jomm &4 82 0 g
L !
L 170 ~ 180T
°% 60T . 2
L TR I
L !
TR
Bt (10094) e, ﬁ<%00uﬂ
| |
B ol =Ryi _
s | R e | 20 Bee
!
A = 60T ~ 2447

% % vE= A7FF 10~15, =% 0
A FEL 3~5 EYEE2 03~05 4&F 0 . =gt
36.4%=2 FH7lste] utEstgch utsE SgELS Egd GAAIAH @
ol 2ARES =ol7] 9t gdE =S
= % 1.5 2mm, ¥7 1.5mm, 4

2) 1 223 A=z

vh7b A7bE 228S AA FA 1,000g" ' 310~340g, EUTR2 50g, T3 byt
100~200g, 3ol 120~130g, ot E 410~420g, @A & 10g, =4 100 ~200mL
et Aoz v ek we 25 HUbshal ofHEAl0.5%)= 55T ALl A 24417 %

Pﬂ ﬂllo HN
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) vk Al A3 Az

ob Apsb Ak Fig, 200 AAl| Wl ke Alzsksivh Avk S AAT As 6~
T FAZ AR GE 4R AAA Lo FAEE ANl AT RAN D7) S
= ]_oﬂr,]_ FL]/\

A =

i

SHal (Afks =0l 40, 50, 60 2

Brix, BA|ZF 302, 40C)

Fig. 2. v} Aba A3 A 2HH

4) 1 = A=
Az Az HFgsE EAHE 7HA= v BE5E AF57] oty HAAAES Az vt
AAHZAT 7 WA

vkol PAS =o|7] ¢st Fig. 3% Z9| TrimetaphosphateS ©]-835}4
HEE AZsATHW.-M. Kulicke 5. 1990: T. Ojima 5 1986; Ralph M. Trksak. u]|=ZE3]).

i O 0bJ1=, 2, Sodium
oK A, Q ’ * NaylBahy trimetaphosphate, Sodium
™ aH ' sulfate

CHa0M" CHz0H CHa0H cuzo»

0, a

@ oH oH
— ‘ 0 4 OC/\‘- Heating to 45 C

aqueous solution lunder basic conditions

313K (L0°C)
2 hours

{anionic mechanism )

~ NayHoP,04 Adusting to pH 12
OH oH L] 0H
--g 0 - L] G-
" A B “"m G i L Incubating for 24h
Ik (K y
o-r-ﬁrJ 0 ° 3
7],

CHy CH,0H

H
ﬂ%’i?. {“'P —o" J Neutralizing to pH 6.5
---0
E Moo ] Gy
- H }“Q““‘ Washing and drying

Fig. 3. v} HAAE Az

_n_

nf HAAE B2 0~16go] &< 1LE 713 & 0TolA 2087 A gsle] rhAAAE o]



L AAEF 94~110g stabilizer(0.6g gelatin)E FH7s+th oluf 1} WA
2 By dxE6 JF7PEe AXE{=H O 5 10, 15%7F HE=E 2359tk 80Tl A
Iy 52 st SPESE AN F YT vt A=E 20% 2FEd 15

(5) mF A} A oA 2

Artel AlThg AlFHE o AEE AAStE Z2HEAE flske 1%
AbF 425~500g Ark 0~75g2 Awnkel o] 0, 5, 10, 15%7F HE =
o] g-slod Amte} AlZE Zol & 300mLT A® 200gFA Fuld ¥ st B2 & JhsiH
Al oF 1587 29 AL S35

_l}m ﬁ
rlot
i)
ol
o
2
i)
2
N

6) 7k A} S5 A

ok £l 10%9] F=7F HES Zd 2 dAste] A2 v o] dob-oldaAl(d s
FAB000, (F)utelLA=)E 0.3%, 0.5%, 0.7%, 1.0% H7tste] Baiheg AysArt. o o
A2 s AlZARY ARl wEt 55Tl FAsT. A EL500S 45 AE9] 002~
05% A= H7bste] F3stEs Ho glov vhe ﬂ‘ﬂ“xw A3 st AHES A
o] 2uj7kA] Apg-she] Fahad a% s Tt A2 1A F2 St 6A7EA]
Ystgiek vk AlHEE %@%% AtHEE A (T2Brix) 1%l A" 8%9F AR 0.2%E 7]Eo

2 sto] vl FAL 3%, 5%, 7%, 10% F7lete] vl ABSEE AzxsPn FAFE BEs
o o AFEEE 156}2515}.

<)) 24A1 78l W5 —1—0}91‘:}
FQ F712F 2 FE BAL 30 fFTLF] 29mL Solvent(ACN:M:W=2:2:1)¢} 1ImL Internal
S.D. (SOppm Glycolic acid)<

S 91l 2A17F sonicationdtE ok, GAEZZ A=A ImLE <A
AZAIZ 1000 TMCS9F 10040 ACN-S 493l 70CoA 208 FEAE w50 EHAER

AFEEETE ol GC-MS EAZAL Injector 2% 200C, detector &% 2507C, Split ratio

CTolA 182 & %9 3T 255 284 FHF 250TA 12
4L MS 2~HE™E Wiley library 7.1 o] Efu]o]2=9}
H] 1.5} 7&"33}913—’ AFe YEEF 229 JadFu 2 A&

o} WS 25%, &7 20%, & 55%& 8717 S5k 8
Ade TEE o2 1097 23 SAs5te]
= ARTAe S0 &S P 24T s

£ 0.IN NaOH

fi
is)
T
00
o~
_}\L
B
)
2
_?L
v
mjo
—_
o
8
-
T
-
=
=
filo
=
N
)
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pH 847+A AAsIHT; olw ABv]E 0.IN NaOH AH|ZEHS A5

J5ho] o4& o] 83l o}r]
AR AAE YT
, (AE 0.IN NaOHAH|ZF - Blank 0.1N NaOH ZAH]2F)x14x{"
h ) -

obm| =4k AA(mg %) REEELTN x100

f: 0.IN NaOH &9 &% A4

. 7HEAIEY] 54 B

(1) EgEgde] Mo (Ye

A2 A (Color JSE55, Japan)E ©|-&38te] wHE-xHo g 33 =gl o9 HHF ke Hunter
Color W4Ql L, a & b3te® BAISUC olu] BF wWAge] [ a 2 bk Zhzh 98.25,
0.11 2 -0.32%t}.

(@) =5 Azg Biwgel 44

Rapid visco analyser (RVA)E ©]&3l] 23} A
E4EE 35¢¥ FFHT 25mlE ABote] dFuw Ao ¥
SE BTN MASES 2% 1004 650N RHeE LEE A%
FE 2 E

gg o 50CE dRAes WAARA AE WatE 24

Q) =9 &4

22k 2R 5o FEA

, ARG RIAY =D AEE Texture analyser(TA-XT2,
England)® Xtrad program& ©]&3le] A8 2 & 5mm diameter plunger® 3L w &
AR = JI A7rer AEste] ZASHY
@) = AW A &5 1FE TF
A & A 7tgs A o, 1ge FoY 20 ml S/HTE 92 95TAA 20837 53}
A7l & Fe Ae A7 AFx T FH %2 AEFYY
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3. A7 AT}
7t v TS
el S ARE BIF LA GA YL F AL SHABALE A3 vk 3%

r7 58 Az,

a} I S —Er%r& o3t BPRUS WE o
_ o -

A
12
=2
>
o
>
>
o oF

i
filo
£
ofo
olt
o
i

iz}
N
!
01N
L)
=
}ol'

Tha gebstA| %7}8}91E}<Table .

EgETe 33 A5 54 AHEH(Table 1), SPRAEE A7LFo H7bgFo] F7}
& Holxle ZAE BioH, A1PEE I3PIAES FEgH ANtEE ZAE B
FAT AEY =3 EAS o F Ue ANHES AV FEFo] 25%3AVFEAS o 7Y
EolgE & F UslH

PR T8 EFET TS @EIF LR, %)
1 (5:0.5:55) 2 (10:0.5:55) 3 (15:0.5:55) 4 (25:0.5:55)
(L) 92.3 91.5 90.5 91.2
A% (a) -0.66 -0.69 -0.63 -0.65
AT (h) 11.34 11.45 11.43 11.53
F3NA 2 =(To) 85.6 84.2 83.3 81.7
HA1HE(BU) 2443 2376 2343 2216
AAAZ(BU) 1435 1345 1355 1367
A = (BU) 104 120 132 138

0%, AT FHFOl 5 ~
Bel 43 A7t B2l
. RAYE WAF Dol APES dane

73] wo }%% & % ek 4%
Sl

Table 2= BgEwe] dgdEs 278 S48 2A A
15% 7HAE uaw tﬂ

N
ot
)
il
¢
g
ol
=~
)
_ﬂ
%04
O
_EL
r -
Q‘
oX o

=
oS w, Y] WAZE FEHA AAFIeH, £3 EFE

o

3
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A4 3 Fee Pz naP =gl FHNCH 55 ARFH] ARF PN ¢
2 Th BAE SARTBA Aol Fobd W] Reele Bu ohe xel Fol=
dhgol gn MEd =7 4EL & 5 AU

R Fa BEFET TS B@IMF R TR %)
1 (5:0.5:55) 2 (10:0.5:55) 3 (15:0.5:55) 4 (25:0.5:55)

] YAE' 1 1 1 3

2P (adhesiveness) 179 16.9 15.8 13.2
23 (extensivility) 49.7 46.3 45.2 445
81 (chewiness) 423 411 398 374
AT (g) 1348 1367 1389 1401
§F 1HE(%) 3.55 361 367 3.73

"W P ERE B F 7y iﬂi% T 5 g Foly A,
I: %ifﬂ #ojAA %%(%?i AtE), 30 7R Eeldemelst: 3.3%e¢]8th), 5 7HdAke FolF (2emeld ~
ol d(?)cmol*}'vélcm 11-13.3%), 9: 7Hdate] #old (demol’d ~5em: 13.4-16.7%).

g EHE 30cm 7|&.
. 229

1=

-

AAd T3 715 7HR Bt 2EFE AxA FJUIeEA 2FEY U SR o
yet mhof] $FrE JEAAES TSAA AT EA 2FE AxA AMEEHE AuES T
AFIRAME AES] 7154E FHAZI LA st

vh EEe] Fd®e =3 T4 a-obE BRA (W F AL, 35000u/g) ¥ LA a-obE A (T
ZAL, 6000u/g)E 05% E3tste] T4 a-olHelAl = 55T A 3224 a-opH ElAl = 92%
N Gzl A, T4 a A= 24X AR F 3t A Eu o] S d S 96.8mg/g 7t
A, FHEYEE 18Brix7t A kel ov a4 a-obd Al 15AZMEH W EiekgS et
3] 7 adlo] 24X 77HA] SRS 61.5mg/g, Brixy 12.7°9 vk weba] wpiE o] AR o
a-otE A& AEste] vbE o] &3 2FBIA X o] &3k HFig. 4).

w} z%a AzxE 9% AZEFH & Table 33 2o sigdete] 71 Astsk 93 o &
&5 BAstaA el

T3t v B HUbgko]l FUbgel wey 2EZEl Mo] of TR = AFS Hof Lite] 93t
vhE e HUbeRe] bl whed A Slal agkdt bitel A, vHEE 7% H7PAAE A

ATH7E 10%00 M = S7HE A= o]y 3 A4S viEE HI7ME Sobel] wE ssiolu--r o
IO E HIbEre] HAael 71038 Aolth(Fig. 5, 6). v7F 7FA= ks @ 28l
Giks}l o]l FEAES JdoA FE v B Hubgo] FTobsked wEh g4kst &gl FU)

T% g]'?_a'}l\]:]'(Flg. 7).

B

et
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120

100

80

60

40

20

Z2M amylase 12 amylase
20 r 120 20
18 18
16 [ 16
14 s 14
12 12 /\ =
10 60 10
8 B
§ 4 6
4 Lo 4
2 2
1] ] li] 0
Oh | th | 2h | 3h | 4h | Sh | 6h | 7h | 9h | 24k Oh 1.5h 3h 4.5h Bh
—RS(mg/g) 48 167 25 |27.8]29.2 | 344 | 414 | 429|502 | 96,8 —Rs(mgle) 47 u7 509 587 615
—Brix 97 (103 107|113 |13 117| 138 | 13 |37 18 — Brix 97 13 123 123 27
Fig. 4. v} 229 A Xxof &9 TF3ash Al 9 54,
Table 3. v} =38 A&E vy S
A B Control ml 59 al 7% mt 10%
q e 39%(390g) 349%(340g) 32%(320g) 31%(310g)
Ef gz 5%(50g) 5%(50g) 5%(50g) 5%(50g)
o}-2 gt 0%(0g) 5%(50g) 7%(70g) 1026(100g)
FAFotu-¢H 13%(130g) 13%(130g) 132(130g) 1296(120g)
FFolHH 42%(420g) 42%(420g) 42%(420g) 41%(410g)
g A"l 1%(10g) 1%(10g) 1%(10g) 1%(10g)
= A Oml. 100mlL. 140ml. 200mL
Al 100%(1,000g) 100%(1,000g) 100%(1,000g) 100%6(1,000g)
35
30
25
20
15
10
5
. . .
af 0% Of 5% af 7% af 10%
mL 29.35 29.22 28.51 27.83
ma 3.14 1.82 1.73 2.06
Eb 2.72 1.49 1.65 2.13
Fig. 5. v} 223l Ax & % H3}
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o} 0% ul 5% v} 7% © 10%
_al

84

82

80
7B
76

74
72
70

O} 0% O 5% OF 7% O 10%

% 75 79 81 | 82

. 5 A}g A7

Artg AlF - Adsta 978 Z7le dast AL HA Ank W Exste SR/ F2
< AlAs AM—L&%%‘ o] 7& 2HE £ AEE 3 Oe(F &, 2002), 40CTAlA 5A17F 308
Ot At e Ao FHSYL AFRZF FEE 40, 50, 60 Brix® stdth RS 40 Brixol A
19.1%= 7}75} E3k3, pHet NaOHARF2 Alote2d 327l AE4E S71s9nt. 82
Z9E FEFE 60 BrixelAd 2z 37.1%, 98.3mg%=E 71E Egkw 53 2FgEES 40 Brix
13.4%, 50 Brix 13.6%°14 60 BrixelAe 225%2 F43%] 78S & 4 JAJtHTable 4,
Fig. 8).

A= AEE Y
nlo] ZHHAALE AlTs

nl Atz el B
3l 60 BrixdlAle @t
& AFtel Y JES FATH(Table 6).

nl A gEbel BEHILE 9ISk B AL 3 A7, FHez o] HIksE A3 50 Brix
ANA 7HE =& HEE BT o83 A3E 60 Brixoll e 274 HE47E $oka 40 Brixel

ol mu

r xe

]or

O
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fr

A

gl M e AEE

Table 4. o} Alz} Az

i)
o
Am
oX,

Ab#tE=of TEYE pH NaOHZH| & ey T =THF
(Brix) (%) (1:5) (1:5,ml) (%) (mg%)
40 19.1 453 1.41 33.0 89.5
90 16.3 4.69 1.49 33.6 92.4
60 17.4 4.85 1.65 37.1 93.3
5.0
200 +
£ 15.0 V7
-:‘\T 100 +7
50
0.0
40 50 60
At} & = M (Brix)
Fig. 8 FA] A#s&dqo] wpE nf A7 F3 F I
Table 5. 7} AL} A3 A =F A
As 4 =
(Brix) L a b
40 38.1 9.2 2.0
90 40.5 10.2 2.6
60 46.1 12.3 9.9
Table 6. 7} Ao} A3 24 4
Algszdes | HSH 4 zio] A =t Rig=ad
(Brix) (2) (mm) (g/ct) (g/ct) (g/ct)
40 1180 2.02 1.67E+04 3.31E+05 1160
90 1900 2.02 2.69E+04 0.32E+05 1890
60 2340 1.86 3.31E+04 T112E+05 2320
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Table 7. 7} At A3 B5H 7}
At Ed T

i gt 4 % 4 3%
40 3.2 3.1 2.8 3.8 3.0
90 4.2 3.4 2.7 3.7 4.3
60 4.5 3.5 2.8 3.2 4.2

Fig. 9. AtZ 5= FTxo w2 o} Alg Ao A,

n} Q=9 HA 7] 98t 1l AE ] Sodium metaphosphateS 2|5t AEAIEL
Aoz AZsl ®HAAES AZsYHFig. 10, = AEel 159%9  sodium
metaphosphateE 2§ 23}, FA ol v|sto 28] BES] &8, A4, 7MPA, FHFl F
7tete] AR Hom FAol EolHA AzAFA AAEHY ETFst x=E2 Azsdct
(Table 8).

nk2 5%, 10%, 15%2 AAEFo E535t Al
DPPH &@ttZ 2758 43t Feud 352 |
wollom RS FH7L 526%14 v F M) we} 38,
7hego] FUMEE FEFEO] HAhste 1P EY HEo] EolAE Zéﬁr% i&iﬂ. 32
15% WA vF £ H7F A=A 7}74 -‘5741 Uebgou o Agdrs 2 Folg HolA
St DPPH 2t &752 Ao met 2ol P 1713k (Table 9).

WA mp Bdo] 5%, 10% H7HE z]zt 2371 Xz ¥5d S8 A, WA, AMAA
o] =LA %} o}%h 15% 7} A=z= ¢8, 374, ’aﬂ—%*é, Mg 27}0}@1 T%ﬁﬂ REXS
AR 5 HYou BaAgol FA HAasATHEg 1. 2o o= 5%, 10% A7 A=
= AJE?SP L%A Az7b AXHJL 16% H7F Az2s F dddd e A=z A=
TH(Table 10).

filo
Hir

°|
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Table 8. A$HCross-linked) 7} WA AR EA.

QA EE | AN Maxl) HHSHMax2) | wHE | AEA Uk 2
(%) (g) (g) (g) (g) (g) (g)
0 90 110 104.6 94.2 121159 -20.0
9.5 80 70 99.3 79.5 9164.8 -20.0
119 110 110 100.1 110.1 133175 -20.0
159 200 200 100.7 201.5 22419.1 -50.0
Table 9. ®4 v} A& -/ A= 54,
Y e uYPE 3T Zd% | DPPH&AS
(%) (%) (%) (%) (mg%) (%)
0% 21.2454 02.6 297 21.9 60.5
0% 15.8224 38.8 3.11 17.1 61.2
1096 15.2482 42.6 2.93 16.8 61.0
15%6 14,7378 45.4 3,51 16.1 61.3
Table 10. ®2d 7 A& F{ =9 E4.
n} 32 A5 #Hoj-3-¢ =R 337 R M7
(%) (Max1, g) (Max2, g) (%) (%) (g) (g)
0 1280 1180 101 87 1116 112,539
5 260 270 111 98 200 28,450
10 270 270 109 99 267 29,241
15 880 920 102 108 948 96,735
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Fig. 10. ¥4 u} A& T/ A=

-100
-90
-80

o+ -30
-20
-10

el (g)
.hmclh“-l
(=] o o o o

0 5 10 15
Arokates(%)
Fig. 11. ©A4 vt A& el & A= FHA
ot} Aba A
Arksh AE AlFst AAE AAT O, 1% AT FAAA AHE AT AL £
712 2ot Awnkst AlmE FHSHATH Abztel] ArkE 5%, 10%, 15% FH7hste] ofg B2 7}

datdA 7k B A'S Hrlete 158 94 mt Al fe Alzskith(Fig. 12).
Az Ao 245 43 23 Ant FrbFel S7HEsE 34, 854,

sttt 53] 15% ol H7F Al FAg Ao 243 & Aol E 7/11%“3% 1898g ©

423te A& YUEPSTHTable 11). =3 Fig. 121419} Zo] o] Q54 Fo

] =t J%‘: | F7bel met gastded 53] 15% oldeAs §43] v@gdo]

nb F7EES 10%67HA17F AEE Ao 2 ATEATHFIg. 13).

np Atz A2 ARk At3k Ao Hls) DPPH 2t &7 50| 7tk ot frefiel datst B4

| Atztell 23HE kst AT AeRES doA FHo] FUtetth(Fig. 14). 3itst 24
ol 9% 10%7HAE S7EE 5%l AE fHaste AEE BYtd o3 dde w1t

ol —%om—tﬂ 6}04 AM%E‘EO] Haste] Akl kst EA v ub A A <

Hkst

|

Y

o4
ol

O

o°" 11|, rlo

o[ r
)
>«
2
o2
o ¢
to Ok
g
=,
O
fu o
X,
L
it
Au)
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o} Alzp Aol pHe vl o] Eold4= Alxle] ghaFo] wrol Ao ulg} Alzle] FFE Al
Akel ghaFo] wrolx pH7E =olAE Z¥E B Wilel £& =% okghrh(Fig. 15).

Fig. 12. 7} -Apz A,

Table 11. v} -Alz} " EA

o gaen | AW [ AR [ sEy [ wen [ AR [ vas
(Max1, g) | (Max2, g) (g) (g) (g) (g)
096 14 14 1184 16.6 2752.9 0.0
5% 11 11 112.3 14.2 2615.1 0.0
1096 12 11 104.6 12.6 2054.0 0.0
1596 15 15 90.4 13.6 1898.4 0.0
170 J
& 180 / .
Fy 1501 /
%._ o i
0+ Ny
120 = : — 7
0 5 10 15

ALOFBHEH(%)
Fig. 13. vk el me o} Ab3} o] @54 sl
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Fig. 15. v} A}z & pH.

e N

nlol Al ERSEE vl B 10% @ dul-oldabAl (A3 & 45000, (F)Hlo] LW E)
3%, 0.5%, 0.7%, 1.0%S F7lste] o} ARG 55TCA F33 & Atz FFHL 71t
Itk A3 EA500S 98 AR 002~05% A= Hrlste 232 5o glor} nt
TR Z2a At AMRFS AAAFY 2ui7tA] AMRSte] FEdES sAsYTh
st= 24177 A] 43 FUbsehrl ol kst SUhE JEhlT A3 EA50005 1% A
& A9 6 Brix o474 F7tstdw. mF AMBSE AZRE S v £ P9 A 2 524
H71e 5417, 1% 2 AA 9T Fig. 16).

AbEHEZ N (72°Brix) 19, A& 8%, AM=EF 0.2%09) nF F3tlL 3%, 5%, 7%, 10% FFo 2
A7bste mF AT EE AZSATE vF Fell ko] =olye] meEl Brixb bt FUFsE AL
pHE 450~4.922 F2 AaasFdq) o8 Jas is 3s dddn

gaksl &4L8 mt g %7t = FTtsit daste AES R Ad §
mt Fatd 3 S ROA JHE =2 kst &9 HAE Bt AxS v Alahs At
A - F9] Brix, pH, DPPH &t £H%& 4% Z7, Brix 2 pHe & #H37F gldon
DPPH #tt|Z &A% tha W7t veht nf galde] 3f-5 kst &4E5do] de o
dEdEs AR F ArH(Table 12).

ol g3t e 259 MuE np gl o] ES4E
A 5%=2 o] Z7hgel wel Lt 825014 54322 Yol agk2 -0.30914 1.02&, b
T 778904 13172 EobRTh ul AlZSES] Avd - o] ME¥ste nmlu|g Foz of
kel L, a, bak &7t S AT Table 13).

m AMRE RO BEH LA S 7% vt FEAE HIUESE Aol mt 5179 FH kS e o
71340 74 =L Aoz Jeh} mlAlg e E Az A mf gade 7% At
g3k Hrlge g FAeE o (Table 14).
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Fig. 16. €o-olL A S o]-&3F 10% nl HErq e F3}

Table 12. A@A - 3¢ n0} AlgL5 EA,

o} ©¥3}el il s
‘61:]-30]: A - A -
% Brix oH DPP%I%Sﬂ 5 Brix oIl DPP%/:Sﬂ 5
3 9.3 452 6.7 9.2 446 5.7
5 9.3 475 6.5 9.2 471 75
7 94 493 9.0 9.3 491 8.1
10 9.6 450 89 95 5.08 6.6
Table 13. A3 - 9] 1} AlFEE ME,
n} 3}l At s
ShaF
(%) L a b L a b
3 82.5 -0.30 778 81.0 -0.30 791
5 76.6 -0.02 9.90 73.1 0.09 10.06
7 68.7 0.35 11.92 62.7 0.44 11.37
10 54.3 1.02 13.17 496 0.93 12.08
Table 14. 1} Al#ge8 W57}
o} %(ﬁ%ﬂ%%‘: o} 4 3 =%
3 2.7 2.3 3.8 2.7
5 42 48 48 4.1
7 49 48 46 48
10 3.2 46 46 37
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=

i}

BHAH(Table 15).

Ffr wlFe Bre rHER 15% HF, 10% WF, 5% HF T22 "
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Table 15. 7} H]

Table 162 v} #F9 F8 f7]4F &
= lactic acid®} propanoic acidgFe] HZEF
WAt Butanoic acide 0, 5, 10% vHE%

Fig. 19. n} 7} w2 oF2] olu|ikA

=

SEEgE | FEYY 4= ks
(%) (%) L a b HAW-SH, 2
0 14.9 42.5 6.4 17.6 880
5 15.2 34.8 4.3 12.8 215
10 15.3 40.3 6.4 15.1 540
15 16.3 50.0 4.0 175 2,390
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5. 10% PHEE S+ = Foll Azt UrEP;kE}. ArAo g 10% rHER HWF Hohe 5% nhEE H
FoAlA =& Fr14E 42 FFES B oldd IS wF dEF 5%olA THE ol
o2 dojytry] o R HAlth

F vF 5% mlEE HFE ¥ 25 (Table 16), butanoic acid, 2-3-butanediol, phenyl-
acetic acid= F ®FoA ZT 2-methylbutyric aicd, latic acid, propanoic acid, 3-methyl

butanoic acid, butanol, 3-hydroxyisovaleric acid, succinic acide= 5% vFEZ ®|Fo|A] Zo}

50 AE FIFEE FHW AFOA Hok B el §7147 GEol BHBL FAsTh

Table 16. o} F7}gFo] wE HF9 Fo {74 & & F g

F8 7 2 4= (ppm)
Compound
nHEE 0% aREE 5% | PREE 10% | PR 15%

Butanoic acid 45.71 44.17 45.71 -
2-methylbutyric aicd 31.43 54.17 18.57 -
2—-3-butanediol 84.29 59.00 12.86 -
Latic acid 28.57 64.17 28.97 17.78
Propanoic acid 10.00 23.33 21.43 10.56
3-methyl butanoic acid 2.86 14.17 2.86 -
Butanol 714 35.00 - -
3-hydroxyisovaleric acid 1.43 3.33 18.57 -
Phenylacetic acid 80.00 79.17 32.86 -
Succinic acid - 2.50 20.00 -
of. v} ®g

PEHlF 25%, 4F 20%, & 55% HIER st 3717F Setw &71(HA BAM &7
W 5Cel A 60UT $HAA 2Fol MFel 2HEA HATh 1A £4 T Yo 3L
Aol 23 ohg DS §olol & oA W1 1097 2% £4¢ AN BPS e
o},

TEYFE 50.2~532%2 A el 4T AFEe YN A=e 5% vk 2 T 2R
A 7H¢ =2 LEs EATH(Table 17, Fig. 20).

o ®ge) gy ElelE WS nf 2o 10% i Bl olmlniy Aa FIAL T v
FolA 7 =SH(Fig. 21, 22). SolaiA mt B 5% ®F A, vk £F 5% Sl Aot
Loz gelmgEels ohul Ay WAt b W AnE B olHd dHe 5§
4 E|agElo| =3} otuliabgd Havt HFez §EFHUY] YRR ALEEHT 81 2R A
z Aldle e BA ¥ 23e Alxste BEoly vk TR AxAlde B A8 Hxrt



o2 AtgdH

A7 (Table 18), 7} & 5% F
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Table 17. v} F7}Fo) w2 n} ¢
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Fig. 21. mk H7pFell o2 np €9 opm=ibyd Ao o

ojo| e 2 & A (mg%)

Table 18. 7} ®F &5 H7}
e (%) 5% A %
0 4.0 4.0 36
5 36 4.2 4.0
10 2.8 3.0 2.8
15 3.2 2.8 2.8
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(=] a =] S
M & AU Mot 3 MiteElE A=
1 e A
7t gEA] AAl=E 159
=E o A g |54
T e A(Z):H 2] A - SAAE
THAA-AANAT ~
- ?_]_— o €l ‘1]' .}_\ ;ﬁ_ %']: [¢) O O = ) ) & Zl = P
e Frke] nlAE 37(3): 548-572. 2010. 9. 30 |34 FAA
Diosgenin stimulates osteogenic
activity by increasing bone matrix ‘e 2011. 2. 1
= A |protein synthesis and bone-specific Ijggurial (.)f Nutritional (e-published) (H§ (211 4)
transcription factor Runx2 in tochemistry doi:10.1016
osteoblastic MC3T3-E1 cells
Evaluation of antimicrobial, Lol
..y |antithrombin, and antioxidant activity |Kor. J. Microbiol. S =
= of aerial bulbils of Dioscorea batatas |Biotechnol. 37(3): 266-272 2009. 10. 30 &kl S AA
DECEN
—..y |Effect of temperature on Yam quality |J. Basic and Life Res. Sci. —
= during long-term stotage 9(1):61-66. 2009. 12. 30 1 2HA A4
Evaluation of antimicrobial, . .
=4 |antithrombin, and antioxidant activity go T J}'l 1\/[11(:;;)](321?.1' 133-139 2009. 12. 30 |gt2a =A4X
of Dioscorea batatas DECEN. 1otechno ’ :
Evaluation of antimicrobial,
_. . |antioxidant and antithrombin activities |Kor. J. Food Presev. 17 4 =
= of the rhizome of various Dioscorea |391-3971 2010. 4. 30 ¥ TAA
species
.,y |Antimicrobial, and antioxidant activity |Kor. J. Microbiol. I
= of Dioscorea alata L Biotechnol 38: 283-288. 2010. 6.30 =+ A
Evaluation of antimicrobial, . .
=4 |antioxidant and antithrombin activities gor. J}']HN?C;; ]é())l. I 2011. 6. 30 |34 SAA
of domestic fruit and vegetable juice 1otechnol 59 N Press.
Evaluation of biological activity and . .
=4 |characterization of taste and go T J}'l 1\/1110581(3213)1.1 2011. 6. 30 |34 SAA
function-enhanced yam chips. 1otechno 1 PIESS.
o [P FEEOl A A ARAES | =
U gl DNA doAre] X ol Sha A A 535 A 2009. 10. 1 | g2 SAA
Inhlibiti?n of TNE—CL—bindg_ced adhesion
molecule expression by diosgenin imn
A |mouse vascular smooth muscle cells via Vascul B Pharmacol. 2010. 10.13 SCI
downregulation of the MAPK, Akt and  |53(5-6):273-80
NF-kB signaling pathways.
Diosgenin inhibits macrophage-derived Int. Immunopharmacol.
=4 inflammatory mediators through 10(9):10 47_551) 2010. 6.11 SCI
o downregulation of CK2, JNK, NF-kappaB :
and AP-1 activation.
Ethanolic extract of Aerial Bulbils of
%il%s:corea gloataéasdll)lec_ne inhi})itsl Journal of (2011 6.20)
— —d-imdauced adnesion molecule . i
= A expression in vascular smooth muscle Ethnopharmacology: (] 4) SCI
cells through inhibition of MAPK, Akt In presss ©

and NF-kB
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=5 Al A = 4 SCI
72 il A& 017 AR =gy
U A Aol A EE 8 Lactobacillus 5} ] A 25
= |brevis HLJH592] Angiotensin Converting ZGE:II'L)UE) (Hl 4 & oA 2010. 3.30 A5 A
Enzyme A3&/d 2 A4 574 ]
- Starch properties of chinese yam, Korean J. of Crop Sci
Bk Dioscorea opposita Decne 54(2):198-202 2009. 3.24 SCl
. St 3] WE: 343
HELE o) s 2 =3 hvt =
2 gt=3]o)y MAE | FHAT U =5
) . 2000, N wuk(Dioscorea opposita Thunb.) 9] 335
= 1579) 3 - -
A A smess | T Aguwe Adend ne sE54 9 Faus
. ol w1 2010. } wnl(Dioscorea opposita Thunb.) ¢ &7 A 32 $sk
SR 023 | ¥ Gaw awas e Adew 44,
. N o] A1 o o1 m 2009. } Akeko 2 ¥LE]l A Ak Ao o] olr|¥+= 2k3lA DNA
oL EEARAEas ST o R e m gae a4

Mucilage from the yam (Disocorea batatas) inhibits
=Y | SR EAESNE | 2010, 2.3 ¥ |oxidative DNA damage and apoptosis via
antioxidant activity

. L 2010. ) Atero 2 RE] Bujd 2ALEUT HAle] Alzl A
T LA 94 5 8 1 _ i
s REARAEEE o008 | T DNAsgd gd= B34
s 2009, Osteogenic activity of disgenin and yam extracts on
= Sl Al 32 1) 5 5} X
= FAENEA 507520 | T osteoblastic MC3T3-El cells
} N 2009. } Diosgenin stimulates proliferation, collagen level and
o Bl Al 3o okl & Bk y
| AR e 11. 4 ~11. 6 w ALP activity in osteoblastic MC3T3-El cells
Diosgenin stimulates osteogenic activities by
2010 increasing bone matrix protein synthesis and
Ex a2 E )8t 6,16~ 6 18 3= |bone-specific transcription factor Runx2 and
' ' osteopontin expression in osteoblastic MC3T3-E1
cells
Diosgenin stimulates osteogenic activities by
} 2010. } increasing bone matrix protein synthesis and
e B2 A) W 11)-5) B
Bk A eE 10.20 ~10.21 il bone-specific transcription factor Runx?2 in
osteoblastic MC3T3-E1 cells
2010 Yam extracts increase bone matrix proteins

e T e R e | 1027 ~10.29 3= |secretion and synthesis on murine osteoblastic
) ) MC3T3-El cells

Extracts form wild yvam increases bone formation

e B2 F)- 5 5 6 éOié 10 3=  |by increasing bone matrix proteins secretion and
' ' synthesis on murine osteoblastic MC3T3-E1 cells
. S a9 212815 2009. Evaluation of ngcleus—DNA damage as affected the
5. 8~5H.9 treatment of Chinese yam extract
=2 531514 2] 5 2009. Radiation induced nucleus-DNA damaged is
A 718tz 3 10.26 ~10.27 recovered by yam extract
a2 B35l 3 o] 5 20009. ey E b= A
Postausl 1026 ~027 Tutrh F A A ZE g
R R R e 2010. Effect of growth regulators on in vitro culture of
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514~5.15 yam
=) A9 42 513 2010. s Mass production of yam microbulb by in vitro
10. 7~0. 8 culture system
- . R g - 5 Anti-Inflammatory and Anti—-Gastric Ulcer Effects
AUl | @A A EetEl | 201010, 07 &= of Dioscoreae Rhsgzoma Extracts.
T | SRS | 201010, 07 | o é]lgt% %%1%6%}(%1%1’(1:% Regulation in HEK001 Treated
. 2009. } — o _ -
| = AE AT 5 e 3] 6.18~6.20 = (nke] JleA ANAE 9% daag gt
N R I TR R e e mel m w
=] gk 2 F- 715 3] 6.16~6.13 g | SASA HEEAS 5 e B 2 #AMA
Inhibition of TNF-a-induced adhesion molecule
o 20099 % djgt ofsts 2009, s expression by diosgenin in mouse vascular smooth
FA =A sz (1015 ~10.16 - muscle cells via downregulation of the
JNK/ERK-NF-KB signaling pathway
A Expering% biology 4.2310'\1*(31..28 = |Anti-allergic effect of diosgenin in mice
o1 E sl obEa Inhibition of LPS/IFN-yinduced NO production by
Zu Zoil%j; xﬂqﬁgﬁéﬁ 2010. @2 |edible yam extracts (H1) via suppression of
B R 10.21 ~10.22 MAPK/NF-kB pathways in macrophages.
o1 = sl obs Yam bark extracts(H2) supress LPS/IFN-y-induced
= Zoil%j; xﬂm;é_;? 2010. = |NO production by MAPKs and NF-xB activation
B e 10.21 ~0.22 in Raw 264.7 macrophages.
g | Fxperimental biology 2011. o Ethanol extracts of yam potently reduce
2011 4, 9~4.13 atherosclerosis in ApoE-defidient mice
g | Experimental biology 2011. = Anti—atherosclerotic effects of diosgenin in
2011 4. 9~4.13 ApoE-deficient mice
. i} 2010. } i} g - e
U ARG | o0y | FF P AT e S SA
= = V=S 5 2009. 5 = 03 ol 3Lz BA]
s @mARddREE | T o @ A ARs A9 Ax 24 R EE 2
_ i} - N 2009. } - T opuLo. ol = N =
Ul | g e ofsts) 1L 4~1 6 S (up AlAHo] Al RS 9 HAY &
. a1 )5} 3 2009, .- Production and Characterization of GABA Yam
10.15 ~10.16 Yogurt
S | S A s 2010. .- Biological Activities of Fermented Yam by
1.20~1.21 Monascus sp. MK2
S | S A s 2010. .- Characteristics of .Fermente.d Milk with Fermented
6.24~6.25 Yam by Lactobacillus brevis HIL]59
Biological Activities of Fermented Chinese Yam by
T | Slm | EAITE S-S 9 1?30,\1,12. 19 %= |Dual Fermentation with Monascus sp. MK2 and
. . Lactobacillus brevis HLJ59
2011 Biological Activities of Yogurt Added with Dual
=) | e RIEAEEsl3) 622~é2 4 33 |Fermentation Monascus-Fermented Chinese Yam

Powder
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o B AFZE#zZ g3 Gislase IE =39 IEY o ZEW st 3 sH
83 4 S Flolt)

- Z3]: Ndiaye M.C, Philippe, H, Mukhtar, and N, Ahmad. 2011. The grape antioxidant
resveratrol for skin disorders: promise, prospects, and challenges. Arch Biochem Biophys.
508(2):164-70.
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7z 972 A 427 §2 AAL
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- 23] Mbiantcha M, Kamanyi A, Teponno RB, Tapondjou AL, Watcho P, Nguelefack
TB. 2011. Analgesic and Anti-Inflammatory Properties of Extracts from the Bulbils of
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Complement Alternat Med. 2011.
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A A AL dFFAS BH 483 SHolM B FasA BAHD gk o Fe
A re Hzol THFe Frsl B5Holn wul] MAHe Hol BAL Hans )
E

- Z3: Chakrabarty D, KW. Yu, K.Y. Peak. 2003. Detection of DNA methylation

changes during sometic embryo genesis of Siberian ginseng. Plant Sci. 165:61-68..
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Al7I=T ] AExege] sg|zge] Fasitt, AENA comet A4S AES dE BH, W
FEEAQ] EMSE ®ujol el Agste o DNAQ &4 ﬂ% SEHT EaAwels uhots
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- 223! Fairbairn, DW.,, PL. Olivie and K. O'Neill. 1995. The comet assay: a

comprehensive review. Mutation. Res. 339: 37-44.

13. fresh-cut productel]l ™ 3} peroxyacetic acid®] &2 A& Z=A 2 H7}
Sodium hypochloride® AMZHAZ AF&Fol| o] Br7Ex] @H-o] QS EZ peroxyacetic acid
e thA A A7t FaA L At APl AFE-SF fresh-cut WS, A=, G, I o

3} peroxyacetic acidd @] Zz wlAE AA EIrL BRI, F2o] AL 05-35 log
cfu/g®] TAE, A HAL 04-24 log cfu/gd A4S vhbdllol &3 peroxyacetic acid®
FE, A3F 2 A7k #Agle] B EAVE RAREA ekt

- Z*: Vandekinderen I, Devlieghere I, De Meulenaer B, Ragaert P, Van Camp J. 2009.

Optimization and evaluation of a decontamination step with peroxyacetic acid for
fresh—cut produce. Food Microbiol. 26(8):882-8.

14. WA BS99 acidified sodium chlorite 2 sodium hypochlorite ] &3} ®]
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CFU/mL #4stdtht 7 T/ A-A 25 5943 a3 A7 748 BAFAUT
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15. &d= 9B monascin® ZH2HE A3t &FE monacolin K& A2 Z01E 93k nlo

Monascus &E&E

-

Monascus & w571 Abste olAtiAIERE FH2HE Y AHAXZ A monacilin
K7} vk Monascus 4 o9 o|AHARME B QoA wit =271 2 "ol S w
Rttt aut(Ipomoea batatas), FFAHSolanum tuberosum), 7WAF8H Manihotescu lenta), vF
(Dioscorea batatas)E AMEZ st9S W FHe monacolin K& A4slgt. o Z3
Monascus purpureus NTU301-S o]&35le] ntE LF3H-S v 2534 mg/kge monacolin K&
Arslgom AS 7|dR SIS W Eu oF 537 B2 S EYU Aol gL A
¢ T4 Hoh TaubelA BE e AT 7 UALS & F AT BI FHF FEEA]
Mo EFE Q= AEo] monascinelgtr FAHEHAY. wElA vlE Monascus & o
o] &35t &HF FEQ] monascin ZF#2HE A3l FEQ monacolin K& A=
o gt AR ETH
-Z3]: Lee, CL., J.J. Wang, S.L. Kun, and T.M. Pan. 2006. Monascus fermentation of
dioscorea for increasing the production of cholesterol-lowering agent—-monacolin K and
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