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Aela Edole] BaK

AaIAL HOlel B S B 4 ghe Qv da gloo) Asel}Rlel 88

S2AC E 2 S Yo s g GE. BUA £ AR o
o) gig1o] % 2 2] TS0l o) B2 AGHAPI= 205t 2012, AER QIgt AES o
7] 9I3t Clefet 2R WA, 02, ARA S)5 Bt oje} 23] £.80] H AF
o AAle hRlY) Wy B AEe)A shao] 80| Bl gat TAtel] .go] B AE
we AI4E 0 WHslo}r & Bast 9le.

SHEA Sgiolie] ey

GABA= H|THHE] ofn|rAto 2 &QME ofF||, E% cholesterol I £/9A1H2] 571 A, H9]
SR, BIRE BA], FAEHA, it 59 R itE VWA= ZCR in vitro 2 in vivo
(E2RoN e A7t 23E9lS. oln] olle] AEAolME GABAZ 7Kt 9=, A, &2
H 5 AlEo] HgstE]o] O]t e ZUjojlAs GABA%o] Aoz U2 AR|gH GABARS of
10 mg/100g2] ¥Fo 2 Q&9 50-100mg/day?] GABA AZ|7t 3lEy 71579 BAE 2 A|
= Ot 2531 AR GABA RAPE A= Y= uj2kog ExJ517]0] GABAZS 13He5HHA]
AR 71=AL 71K Al A gk o 95} AlXJol _75_7}751& %}O}% —}F'—E‘L} %E% }_7‘%0}%
ger]2 214 AL 4 9lo] ugo] ATt lHPH & shlzA] B kil ofjujAld Aujo] ul
2¢ tjx Hof H]s] Wopuo] 739 GABAZRFO| & 1081 Z7I51%S:

1-1-3. WalRhao] 7154 % ABARZAL) FH]

A(Nelumbo nucifera)Z 732 E 5 FIA=0 &5t FUAAEEA, 22 AXOM A2l +=
ol AjEi=]7 = & ASE 4-5do] H2lE Alo] 99 XM ol5dl bE ARVR] AR S
Sk

A2 asparagine, arginine, tyrosine 52 ofu|ieAlS SHRSHL Qlal AlojdRAart 85t A
Ulo] 52 FTAZ|AL AlY] Z2AEE SRS AstAlZ = Aol = A

E3F BN, BAL SO B AT} A, P 4GRS, G W, F L PN} 2t Sof
Oigt A7 Zup WU, Allole MA WHAA, Lw. 2w, AR Hat L e}
B(EA, 2uet 5 AfEol A7he B3 BUSY At 2] 19 5

LAJ(Arcitum lappa L.)2 =80 &sh= 29/ Ala2 2 2] BE3 AXg= o]8L&o] X
I QS 29| Wajol= YA HMoArt FEskL thRe] gAlo] ool FE= Eo] glof
gy, AR 2Rl £20] Bl AlZog e QS

Y& caffeic acid, chlorogenic acid 5 %2 &-/<] polyphenol aIlEg THskl glom 2
d FEE0N FEBAE, Aa2ttze] AR, FAtetARgo] Halk|Ql2-

A =2 9 2ol FAiAe] 49 tE Aasd 22 S ofl2id tiRE 471 F7I
71, "AV], 22Y 52 ez AEsiy Q1o 1 o]8o] e AP, Eet o=t F2AfA
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Zolo] MAlRalsl 5 Clokst AjlZo] A235}uA} 3t

2. APTgaAS 2 Y U 29 Yg
2-1. AUAL|BOLLGLYFE)
2 o] AREE FEAAE A AulisiolA Al AUE Sot deaao] HHAES
H9sl9i00] Wadt RS WHO-10C)Rsto] AFgsteinh. AR 7171 Jhnst A7
204 FH[stL Q= FR7|E ol&sto] dRSIY o, F&7|E o|&sto &S FEH
S Aesr HIAA, 1 BIAA(ATAGO, MASTER REFACTOMETER, Japan)Z =
= A O o8 RE8AE ol&sto] by ALt siitt. 1 9] Al S5 AT 7171
2= AT (Brookfield Engineering LABS. INC., LVT-viscometer, USA) S AE5tS
c}.
© BaH 2 Taole] AE
- AAol AR welRie 242 Alsstel T WIHS AR Ak okie 2
oA B 9 S7hA] Welda Ache PYstel HER The wad AEslel s Wi
AATsEl o Shaf o] gk Q19 Hi&2 27gsl7I ofdst vla= vigdsidls
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2-2. 91712 (F L)
. y-aminobutyric acid o] 7Fate |4 dopd AAlo] HE U

gy 2%
7} A74 e

1) meliao] AF adet X FPY A5
O maRA A2
AL IAZ 2sk7] sl AT 5O AR AlRE JtnmtRYRcolA AT
Bols BUE AEIHUS

O Color properties
M= M A(Spectrophotometer CM-700d, KONICA Minolta, Japan)S ©]|£35}0]
L(Lightness)?, a(redness)dt @ b(yellowness){tS £4519 &

O Proximate compositions
S8 xddl 9l xX|8FS AOAC methodof T2} 245192

O y-aminobutyric acid &

walmia ARO| GABA ®e %45ty 9ol Sharmas (2018)0] Wgo] whet zE5tel
. ZF A& 1gdt 4mL 8% trichloroacetic acidS &3 & AMRo|A] 2A]7F =9F £&56)
. 2F 2529 A=A 0.lmLE 0.2M borate buffer 0.2mL % 6% phenol reagent
ImLy} &3t & 7.5% sodium hypochlorlte 0.4mLE A7}stg %. 7t Sstols 100°C
water bathol]A] 10min =9l incubation s}¥-S. bmin =9 €2 bathoA cooling &
630nmojA] S TS EA5IFE. 2 AH=E=9] GABA shefo y—aminobutyric acide] &

F342 olgstel AN

32 do
glo

O Crude saponin

e 10 g2 Fst 70% Wge 200 mL2 & & SigUdsE7I2 s5cto HEgES
AMAstel =< 7tsted 200 mL2 F& & n-F&E 200mLet &7 =20~ 75t
MAHA &80 2 & 8Alst #7180 58 & §2 w23t s&5712 fEE&s Al
71 2 105°ColA 4A17F Axste O S tad Zol Artsids

EAMEY B2H(mg/g) = Ax 7 719 FA(mg) - =212 £Allmg) 44,

Al =(g)

O Antioxidant properties
- & b= Y 42 Folin-ciocalteu reagent’t £&F9] Eju&=/d =0l 25|
el Ay Z2jddl Yoz dMsH= ZE Y= st Kim 5 (2016)°] 9o = &
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StF2 F&= 100pof] Folin-ciocalteu reagent 500m02} 20% sodium carbonate
1.5mlo]] £7542 do] 2% o7} 10ml7} H =2 3t &, 24]7F SO0F AFRo||A] ¥FSAZ
2., 0]Z 765nmofA] spectrophotometer(V-650, JASCO, Japan)2 S3%2S &A5}% 0
o BESE =2+ gallic acidE AHESHR&

fuju

Zotd o]t ke Kim 5(2016)9 WHog BASIYS. & Hmut
Z&5E Alg 250109 &&4 1.25mlet 5% sodium nitrite 75uQ
S, 10% aluminium chloride 1500 Y1 587F ©HA] ¥IX|5t%
hydroxide 0.5mlE 7ZA7Igt & 510nmoA S35 ZAsIFol, BEEAZ =
(+)-catechin hydrateE Al835}32

TEAC+= Rosa 5(2013)9] wigHof we} ABTSe+ solution 1960ul?t 40ule] F&HE
| 2AIZ71 & 734nmoj|A] S =& £74519 standard curvegE Tt
o] 2 o]&ste ZF HESY Trolxo equivalents(TE)S A4Fsto] nmol TE/g= WERH

rln »e

DPPHE &/dAtaS Zotstal Qle AlefQl DPPHYE gAiket 4o ofsh &/ditart AlA

9 sl "oz BAsdS. Al® 50100] DPPH 0.1mM
19500 S 42 & dA0A 30+ HAISH &, 515nmof|A] spectrophotometer(Bio Tek
Instruments, EPOCH2 microplate reader, USA)Z 532 ZAsigion pF2A R
+ TroloxE AHE3IA =

Anti-inflammatory activity

Raw 264.7 cellsE 1x10° cells/mLZ 500uLS seedingslo] overnight vjQFsH o3&

Lipopolysaccharide(LPS)S 1pg/mL Fol5to] Nitrite Oxide(NO)S A== ST 3F

24*17} s dg A B4, FYAL 522 2 Img/ml, 2.5mg/ml, Smg/ml% A
4A7E ot B, NO9 AAXE st ¢sll MES A sidde=z NO

assayS Al¥. 5Wat Griess reagentsS Zf 50ul A7tsto] 102 5QF YHEA|7]AL

540nmofA] =45 A4S NOTHL sodium nitrite2 ABICHE 2AM-S T3 NOg=F

Anti-cancer activity

b SAIAAA] AFL  2-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide(MTT) cell proliferation assay kit(Roche Ltd., Germany)2 ©o]&3s}o] AF5}
e MTT assay?] Y2l= MTTO| Z3HE tetrazoliumo] A Uo] g io] 95 4
Al grslo] Azrwists ERRUA) Bl Atololi AlEo] webjo] MTTZ A2lstdl ]

EEcelol U mA BAG Edske #UaAsl olF sl weMg e
formazano|2til B2]= ZAAS FAT & formazan® FAATFLS Ao YA T} v

Agatge 7Hs] 71astH 1x10%9] Caco-2+& 96 well plateo]] 24A17F v & XAl
Fae ZIdstE Qe "Xl nAISHRE. 72A17F &9 incubatoroflA B

o

spectrophotometer(Bio Tek Instruments, EPOCH2 microplate reader, USA)
570-655nmoj|A] 4519 &
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MTT tetrazolium MTT formazan

(yellow) (violet)
i1 -
lﬁ © " Reductase J o VT
Ty —> - o
("0 @Sl

a2, MTT assay?] ¥2]

2) W24 wotd Mao] Hx wigu] 1Y
O Mixture design
ol wotw Aol 2R iRy pHe S¥E AA vjRulo] M mixture

designS 0] 85t response surface methodology® H L5t -&

. Mixture components

o , Coded Coded
Component Name Type Minimum | Maximum ,
Low High
X1 = Y=l PN Mixture 2.5 5 +0 < 25 | +1 & 5
X2 2ol Mixture 7.5 10 +0 < 7.5 | +1 < 5
X3 M A Mixture 12.5 15 +0 < 12.5| 41 < 5
Total = 25.00 [LPsaucb Godg
. 1671A] AAlSample vfZHH]

a2 (g) ghotel (g) MAl ()

1 2.50 8.76 13.74

2 5.00 7.50 12.50

3 3.74 7.53 13.73

4 3.34 8.33 13.33

5 3.74 7.53 13.73

6 2.88 7.93 1418

7 3.74 7.53 13.73

8 2.50 7.50 15.00

9 2.91 9.18 12.91

10 2.50 10.00 12.50

11 3.75 8.75 12.50

12 4.38 7.50 13.12

13 4.38 8.12 12.50

14 2.50 8.76 13.74

15 2.50 8.76 13.74

16 3.75 8.75 12.50
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O

3)

Water absorption index(WAI) @ Water solubility index(WSI)

WAIQF WSI= Anderson(1982)94 HHog =AX351PS. MAl 2. 5gﬂ} 30mLo] 5425
50mL centrifuge tubeo] ¥ 7HE A2 HA 3087 ®gHX]sE S 3,000 rprn0ﬂ/\1 108
Al Rel S, AEAE 0l2] L e A Aol Hol BEslel e 2
Qg 25g Alzo] ofgt MEZ2A WSIS AESIAOD ASoS Melst Uoix A4
=, gele] BAIE Al=o] gt WALZ ALsHR &

I =oH
o i

o

Color properties
welRl a0 MESR 2o PHoR 235t

alo

Antioxidant properties

weR20) PAENT L YHOR 25t

ol
glo

NgE AA AAEY AR 7|5 24

AH|AL 7|5 £ Alg 2 oid

A[HE SR AL Ql+= SL%— 2], Mixture designs &5l ptimized AAlL Ztam g FE
o] AIAEE tIider & 689 AH|AE tifos %1985t

AE A
MES 29 200mLo] 30g0] A4l Ao} oF 20mLA FHISHAS. AAl £A o3t QA
£ oD fislo] Al2e] A $AE el sfon), AR Hsdl ol BAS o)

o v
== Al&g Brtst l A Ao AHl °3EH0ﬂ i<t ‘—Erxl(pre-score card)E A7
Aleg shtd dligdskd A= AAIsHe] 7] o= F7Hscore card)E 5t =

= ALEE feAA, el 24, Optimization 49 §45 #ASHAS.

& AFolA B ZF B Alegt RYAME €71 Y8l XLSTATE o] &35t

ANOVAE £88stlon, 1 Ak Alg It Apo|7t Q= 49 SNK thEH| g 5}of }\]E_
= . 9ra X ®alRjA, Optimization AAl9] o]gistAl &

N
§. AU SHRRTG A5 ST RAS] I HREAE SAeHE

_’I7_




Score Thoot for Sensory Evabation
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U A7 A
1) Be2lf4e] AE AAE @ A2 H S
O FajAjAQ] AUt gE, Mz I GABA &4 Zy
oS BeAAr e Helijio vlo] =2 FJFS Bon], RTuAL ZX
2 e i Herjao] ghgfo] HelAjAXTh =QF3. ME(L.a,b)E vlwst Ayt L3t bat
2 g™ Herjiart BefARn =2 FS BN adtS PYRfAE 2ad Fe|
ART e AL HAS 48, 2UWA, £AY 4 MrE MBI folHQl Aol g
2o, GABAS &2 q9AQl Rpo|7t glAS
T, W40 Yuryr!
AT A
g A W RfA grg Yo xfA
ESURANCA! 6.84+0.01° 10.91+0.08?
ZTREHAIZ () 11+0.052 7.37+0.09°
ZAEF (%) 0.29+0.012 0.11+0.05°
\ 391 vk ASlg By
2 o0l W Algel gt
¢ rowljo| A} 2 alphabete 7+ %9
A&7} p <0.001 Z0llA &l Ao 7t 9S
. WmaRf4ao Mg @ AaFgdRH EA!
1= IR PN B g FeRji
L 6.84+0.01° 10.91+0.08?
A a™ 11+0.05° 7.37+0.09°
b*** 0.29+0.01° 0.11+0.05°
GABA*** a a
1.50+0.03 1.42+0.05
(mg/g)
TPC
2210, 7.26+0.62
(mg GE/g) 9 0.53 6+0.6
TFC
.23%0. 7.30+0.
(mg CE/g) 9.23+0.36 30+0.06
DPPH
bx1.7 4.7+0.52
(UM/g) 60.6 8 5 0.5
TEAC
49.1+0. 44.2+6.
(mM,/g) 9 0.08 6.65
Crude saponin +0.01 4
(me/g) 0.05+0.0 0.06+£0.03
|39 ke A Wy
¢ rowljo| Al ZE8 alphabete 7 5%9l
A7}t p <0.001 2&0IA AL Aol Ag
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Raw 264.7 celld] LPS2 ¥Z%8 9 %35t 5 NO productiong

o

AL
100

JJJ

_
1o

ol

_x_n

Al

o
=

H4 5mg/mL

R

)

k=3

= dAstAS.

=2 d=
= T o

o
71 A controlxt

HH

o

= O
5 7=
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O Ha40] AN ZAIAF|

FeRA 229 SAZ SAANE LotE 7] sl YA ZR] Caco-28F HAAEQI
HepG2e] Zad Feija A e HRAE 0~20mg/mLe] 5=2 A2 & cell
proliferation® MTTZ =743t Ayt olgjet e, g “HEJiH’\ 3 Hs fRa
= o Caco-2 3 HepGZoA N=zZA2 AASHR S, R4 5359 ¢ Caco-20
Me °oF 10mg/mLe s==2 A2 A °f 50% Adiss EHAoo HepGZA 8%

20mg/mLo] =% olA 50% Adflss BIS

W

ol

Cell viability (%)
i
"

J : 2.5 5 10

Concentration | mg/mL)

33, malRj49] Caco-2 N F2]9A

—_ II:. 11— _II i rlrl.l ':l'lH-:-

MTT(HepG2) i W] 1] 2

1.0

100

B0

Cell viability (%

20

0 1 2.5 5 10 20

Concentration (mg/mL)

a3, a4 HepG2 AlZ ZAlQA|
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2) LalR4 wol HAl] A uigy] 73

O 1671X] Sample?] WSIL,WAI @ Mg B Au}t
741 Sample®] WSI7} c+2 Sampleol ulaliA] 7} =A|2t 16714 Sample 2% 3-2]%¢l
Atole QI1g. WALE 5% Sampleo] 7Pg &7 WERGO D], Samplezt £20]A Q1 &to]7}
UERGS. 167HK] AAIHfH] Sample®] A TofA L,a,bgt &% H|Rsh F3FE HYoH
Qo)A Ql Aol 7t LpERG S

. 1671A] AAlgjdta] Sample?] WSI @ WAI, Mg
A
No WS WAI™"
L*e o e

1 21.77+1.15% 26242 .97°%" | 79 .39+0.1482%° 1.454+0.06"° 13.3540.05%
2 21.4440.66% 26413 42¢% 78.15+0.11" 1.57+0.07° 12.8940.01'
3 20.734+0.37%° 268+4.06%°% | 78.29+0.23" 1.55+0.012 13.3440.04%
4 21.52+0.38% 263+4.68° 79.03+0.10°% 1.46£0.01°° 13.284+0.03%°
5 21.0240.58% 276+3.262 78.4240.059" 1.47+£0.03° 13.03+0.06%"
6 21.00£0.66%° 25944 37%f 79.19+0.22°% 1.46+0.03% 13.17+0.04%
7 22.21+0.52° 273+3.46% 78.62+0.05™" 1.52+0.02% 13.1740.04%
8 21.72+0.44% 269+5.05%° 79.32+0.09%°d 1.41£0.01° 13.34+0.09%
9 21.134£0.47% 2534+1.70 79.55+0.05% 1.46+0.01°° 13.3340.08%
10 21.17+0.64% 249+ 4 .64° 79.67+0.37° 1.44+0.03° 13.42+0.082
11 21.57+0.38% 259+0.49° 78.69+0.08" 1.46+0.02"° 13.03+0.03%"
12 21.32+0.69%° 262+1.55°%" | 78.66+0.04 1.44£0.01° 13.00+0.10°f
13 20.88+0.7%° 2734+6.3% 78.27+0.3' 1.4340.03° 12.79+0.08°¢
14 20.53+0.74° 266+1.57°°% | 79.47+0.02%%° 1.4240.03° 13.14+0.05%
15 20.55+0.50° 268+3.26%°¢ | 79.2040.02° 1.45+0.01°° 13.26+0.15
16 20.86+0.53% 253+5.60 78.78+0.02° 1.4440.02° 12.99+0.03°f

' 3¥ urE NS Pt

abe columnUoA] ZFE alphabet 772 2~z0]

" Al@&7) p <0.01, p <0.001 EOA SoARl xJolr} &
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O 1671X] Sample?] F4HtAY At

A & TPC= 2¥1f 129 Sampleo] 71 =7 UG on, TFCOA = 2,7,129
Sampleo] 7} =2 A ER0 TPCe} TFC &% {oJAQl Ato]7} LErS. DPPH
M= 1291 Sampleo] 7 =74 UERY U Sample?t §2]AQ1 Xjol= Qlgion,
TEAC 9HA] 128 Sampleof|A] =2 733Fo] UEFS. 1281 Sampleo] 71 gHAitahso]
E0= A2 € & RS
H. 1671X] Sample®] TPC, TFC, DPPH, TEAC
Sample TPC TFC DPPH TEAC
1 1.61+£0.02 0.4840.02%' 1.9040.03° 9.08+0.58%
2 1.874+0.042 0.53+0.012°¢ 1.9640.02%° 10,2340 22abc
3 1.7440.02% 0.4840.01%' 1.9340.04%° 10.1940.54%>°
4 1.664+0.01° 0.48+0.01°" 1.96+0.02%° 9.5240.19°d
5 1.72+0.02°% 0.4940.020df 1.95+0.02%° 9.66+0.13°°
6 1.62+0.02 0.47+0.01'° 1.9240.03%¢ 9.46+0.15
7 1.81+0.06%° 0.53+0.012° 1.9440.03%° 10.1540.30%>°
8 1.6140.05' 0.4940.01%' 1.9340.03%° 9.39+0.25°%
9 1.6140.02f 0.4940.020cdef 1.9540.03%° 8.41+0.36°
10 1.59+0.04 0.45+0.02° 1.91+0.03% 8.97+0.10d°
11 1.75+0.02% 0.514+0.028%¢% | 1.92+0.04%° 10.35+0.60%
12 1.8440.03%° 0.5440.012 2.00£0.032 10.86+0.592
13 1.79+0.1Pbcd 0.52+0.012° 1.96+0.02%° 10.74+0.42
14 1.53+0.03° 0.47+0.02 1.87+0.05° 8.86+0.34%
15 1.62+0.01' 0.47+0.01'° 1.9440.03%° 8.99+0.25%
16 1.7840.02°% 0.5+0.0330cdef 1.97+0.04% 10.11+0.53%>°
! 39 WhE AlE S Wyt
e rowlo| Al S alphabet2 72 2%
***** A&7} p <0.01, p <0.001 %04 8oJA el xfo]7} Q&

O B4 A2l RSMO] 2Jgt
1671 sigs] A1) WSI, WAL
o 7F JFjmolA] AL ¥WalRjA, B: drojdl

AZIH WSIE F7H71E S48 Bge. v,
e IR NELAY. PSSP H9 WolUuis MR Aot F7iel
SF2 HolOo
o= =]

TEAC, DPPH, TPC % TFC9 ®mHI
CX base AlAlo g wlojale WAIS 7t
ma At WAIF WSIS ZFAA]7|=

L= okt

oX Jm P my
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O Hafra oty MA] yaA 5442 ot M, < of, dast of, =AY, S0], Auby
ol 7l2= 87 F=ofl tisto] & 6889 AH|ALE iz 9 ALz HUsile
Algol ohe d2F AAlR Optimization A (2]Ai4 4.93g + Hotd 7.57 + d2F
AA] 12.5g). 7kaimt Ao whagrt Aab oy, A, &, Sh aast ob So], kAl
712% T FFoA 0.5% olUle] RojazolA 37HA] Alm 7tofl RoA Q1 Afol= UL
ZAZANA FAA Aol HAS

oo digh 7|sx FHrp A ran; HdAlo] 6.4+1.347 7MY = A2
(5.94+1.63), Optimization AA1(5.41+1.71) £© 2 Optimization AAlo] 7}&F A
wtoi} 0.5% ojuje] golazdlA  golEel Ato]7t 19iS (p<0.05)

3. A|TA AL, optimization @ A|AEQ] AH|R} 7S &

HSHAHOY HE)!

Al A Optimization AlHIZ P-value

ozt 5.94+1.63%* 5.41+1.71° 6.411.34° 0.001
A 5.9+1.62% 5.49+1.582 6.32+1.34° 0.005

&k 6.84+1.43° 4.09+1.62° 5.53+1.69° 0.0001

o 5.54+1.75° 3.31+1.752 4.44+1 84° 0.0001
DAE o 6.4241.63° 4.2941.712 5.37+1.72° 0.0001
=3 5.02+1.83% 5.71+7.82 5.44+1 .55° 0.059
Z0| 5.72+1.63° 3.96+2.02° 4.59+1.96° 0.0001
Mk 5.67+1.68° 3.73+1.8° 4.8141.92° 0.0001
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O Mo thst 715 = 7t Ayt 7tont AAlo] 6.32+1.342 71 =74 Jehton, A
AMA1(5.9+1.62), Optimization A141(5.49+1.58) &0 2 Optimization AlAlo] 7}%&¢
Uepdour Al Oigt 7]sss 05% olule] QojaFclA  Qojmal xfols}
2 (p<0.05)

$9 3L rlo
32 L o

O o gt 7o F7} A3 A7 A1Alo] 6.84+1.432 7P =oton, 7iunf A4
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