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compounds; TPC) ~ %,z fk (Total flavonoids; TF)% 11 fap-#g i &
o dFE A% NO i“f M2 a5k Ror BT NO
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Abstract

The aim of this research was first to screen daylily flower with high
nitric oxide (NO) scavenging components from ethanol extracts of five
growth stages of daylily flower sources including 3, 6, 8, 10 cm bud and
flower by measuring their anti-inflammatory activity in term of NO
scavenging and its components including total phenolic compounds
(TPC), total flavonoids (TF) and-11 Kinds of-phenolic campounds. Flower
stage showed significantly higher NO scavenging thanthe other stages (p
<0.05) up to 63.38%. TPC and TF content of flower stage were 22.4 mg
GAE / g dry weight andi4.66 mg quercetin equivalent / g dry weight,
respectively, which.also showed significantly higher than the other stages
(p <0.05). Furthermore, caffeic.acid, epigallocatechin gallate (EGCG),
epicatechin(EC), .. chloregenic acid, rutin'content of flower stage were
9.60, 140.75, 91.71, 33.06-and 43.14-mg/100.g dry weight, respectively,
which also reveal notably higher than other stages (p <0.05). All the
above phenolic compounds are positively correlation  with
anti-inflammatory activity. Finally, optimum extraction conditions of high
NO scavenging and high TPC content from flower stage were

investigated by response surface methodology (RSM). The optimum



extraction conditions for both high NO scavenging and high TPC were
ethanol concentration of 75 %, extraction temperature of 60 °C as well as
extraction time of 2.75 h. Each F-value for lack of fit was not significant
(p>0.05), so the second order model was appropriate for the response

surface. In addition, each model had a satisfactory of R? (0.9319-0.9381)

and was verified experime
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Mahmoodi et ali, 1995).« # d Afei® 5 Bopins B X B iwin g £ £
chdk & o & FEE I S ook g :ﬁ:;,;aﬁsi(Halliwell, 1993 ; Grisham,
1994 ; Jacob, 1994) - @ 7 % p o R¥ 4 F R iwmie B2 40 3 hif T BiF
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pEREG T bRRIELEER P ARy ER S B BB
i~ ok B PRAT T~ B L £ g A g~ Ko (Stefanovic

-Racic et al., 1993 ; Ohshima et al., 1994 ; Kroncke et al., 1997 ;
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51 2 X 2 H 4p B & % e (Malinski and Taha, 1992 ; Wink and
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fiz % it & 4~ 4o catechin, epicatechin, EGCG, myricetin, kaemperfol
T EeERT L  NO 'J%",!ri #t 4 (Yoshimi & Masashi, 2013) » @ £
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W4 B - “roF 0 MR A = B kKR 40 diphenyl
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(Cook & Samman, 1996)
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Figure 1. Basic structure of flavonoids.
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Figure 2. Flavonoids and their representative dietary sources.
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(cinnamic acid) ~ #F > A ¥ 2 s md R L aviEd Y 0 2 B
BHAEA P2 dny R RE RS oo e 34-2 AR B
(caffeic acid - wherph) % % fdng v G S¥ Y R iy 4
(Milicetal., 1998) > & % = B g A 3t F DM S b > H g
L€ B 5e o pteh s 77 BT 3F § s e 4o ferulic acid, caffeic acid #
v A "5 30 (LDL)® 1 ¢ 4 (Bors etal., 1990) -
3. #%
PR REARE REOR L BILG e SRS 1S
B it B o = A A5 oK R 3 (hydrolysable tannin) 2 &5 & 4

# (condensed tannin) =~ & ah A S N FE S findd 0 @ g AL ik

i

ok R BN S AT e e H B AL - e R e
* g ARKfE SNIR Z A (R R ) e g A E °£H?E#%
ME R Ehg ey M, RE 5 HE 2 BN dofu

% fofi R S5 1 o g P rtanning X% B oK iEa 0 a5 R

500-3000 dalton & + & 4> 500 dalton & 5 *»+ 3000 dalton =»%¥_% &

MERRA R E R 2 gA 0 T AP L TEF

(Yokozawa et al., 2000) > * % % @ iE4 & Faps Fe™ Fe* a2 » #f



25 & chFe”*-Tannins 4 & 4+ 7 1k 5 p o FA ¢h§ it i 2 (George et al.,
1999 ; Lodovici etal., 2001) - # & 384T

Fe’*-Tannins + - OH — Fe*-Tannins + H,0 (1)
ek g BT 4 ) tannins & H -k 25 4ok fs (tannic acid) ~ X &
fiz (gallic acid) 2 ¥% 7=k (ellagic acid) & £ ik % % £ (Huang et al.,
1985 ; Horn & Vargas, 2003) e
(= )%+ & § % (Carotenoids)

e BE 2 ARG EEE P g A d £ (Goodwin, 1986 ;
Brown et'al., 1989) - ixH S+ 2~ S R g T2 2§ RF L & o
s By F4p(carotenes) v M E g fTA b HL EF F A
(xanthophylls) (Shi-& Le, 2000 ; Stahl & Sies, 2005) (%] = ) ¢ {& 4= <F4f
#REZY L L carotenes 0 ® P 2 B B § &% (5-carotene)
& F1HE -] 5 p Aeretinol(vitamin A) - txearotene s fFiprovitamin
Ao @ E 5 % (lutein) 2 25k 3 F(zeaxanthin)end L 1322 B+ B § #
i BESEH P ERE FABM L g X Fh A SR
"+ sa$%(Bone et al., 1988 ; Sharpe et al., 1998 ; Davies & Morland,
2004) - B ERFL AR T L £ R A F 02 RpT
FR 2k A& H 4o (Kruger et al., 2002) - i&@ FgF# o P Fp(cataracts) 2 F]-&

= ih E M5 sa N % (aged-related macular degeneration ; AMD)

12



e R N N P e B
Lycopene (LYC)

W |

(-carotene (BCAR)

N P 0 U PN

Canthaxanthin (CANTHA)

OH
S N N N

HO

Astaxanthin (ASTA)

OH
e N \\\ \\\ =y
HO

Zeaxanthin (ZEA)

OH
NN U N G
HO

Lutein (LUT)

(Cantrell et al., 2003)
DRSS SE A TR R 2

Figure 3. Chemical structures of specific dietary carotenoids.
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v 4 (Olmedilla et al., 2001) » B * *t & &7 ¥ (F 2 4 (“ & ¥ %
# oAl F A p £ 4+ 1-(Hemerocallis disticha) # ~ # 112148 ¢ % (Tai &
Chen,2000)> H ¥ ¢ #£14BF+ B 2> 7 £ L F e LikA G
3K % F &% % (B -cryptoxanthin) ~ 8- &
$ricend B RILB-FRFEF AT HTER
PEERER S RARARPTTRET TR R TV g R
@2 F s e R AT AR LS s R AL
s 3 iy LEnE sy O AE R e R e o
(=) EpRag v & +(anthraquinones)

£ A - enfiing & gpdr 94 mpRsg is & 4~ (Cichewicz et al., 2002,
2004)> ¢ z - #8770 kwanzoquinones A(1), B(2), C(4), D(5), E(6), F(7)
2 G(9) & A f e wvsh Bpag - & 4 2-hydroxychrysophanol(3) £
rhein(8) (Bl ) » ¥ Frld vlﬁ:},%(schistosomiasis) » Bd F 4 g v
PLerildzen- A s i A EBO AR GFL F oA P AL
SRR R 200 F 40 F sl F e R R LR e AT
MRIRF R B AT RSB R AR (R DR THRE 0 R 95) -
(=) FIpE%E & % (steroidal-saponins)

Pasfrfpd s BEBEL 2 0 & -5 hemeroside A %
hemeroside B (] )- 2 % (saponins) &t fLa i £ d L5 A s fLa ~ eh
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CoCC
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0
1 R1=H, R2=CH3, R3=H 3 R=H .
1a R{=Ac, R,=CH3;, R3=H 4 R=p-D-glucopyranoside
2 R4=H, Ry=H, R3=CHj 5 R=malonyl-(1—6)-
2a Ry=Ac, R,=H, R3=CH; B-D-glucopyranoside
OH O OH OH O OH
2904 R
_OR “‘ OH
CH3 9/
(0] O O
6 R=H 8 R=H
7 R=B-D-glucopyranoside 9 R=CHj;

(Robert et al., 2002)

Bz ~ HERAT &4 et 8 B4

Figure 4. Chemical structures of anthraquinones.
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(Konishi et al., 2001)

B -~ FIfE4F2 % hemeroside A(1)% hemeroside B(2) i & %1%

Figure 5. Chemical structures of hemeroside A(1) and hemeroside B(2).
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= AR 2 B AR {ope pr AR (glycosides) s & @ = 0 B B AEAR S AR
Bl e Bt A AR e EEA(REE ERA IR
b~ FRfaE s R R 0 % 98) o 53 SR H i hogn
PR A RARRGEAM > b REEME G R R G
Fog s LAD &~ Fun P FEE ~ FOL s BT S B EFET F (Vincken
etal., 2007) -

() #-kihZ (colchicine)

FeoRoin g 5o iqadn e (B =) o 0B T g ok
(Colchicum autumnale) # (=3 1= » 2002) o -4 & & ¥ Fl-k i3
AR b B IEATE ] ARG FRO WO G e 13 0 B SR
K& e 3 (Hartung, 1954) s Aok v fe gk HIva 00 R b &
M3 1% pF 2 17 (Roberts et al:;. 1987) - SRR 24 3 A i B R
*h % (antitumor) &st 4 (Chem. Eng. News, 1959)° & #-K il % & £ 4+
et s T EAr el 305 KRBT R BB R U E LG o
chps o R E A PIE* g o B SlAcR T 4ol R vEe

V"S"F\:iffﬁgg‘% 7 iEF‘:B%’ f}l_ﬁ"(v}gu.—%;{-%"b ﬁ% S E PR 7}\4}3 B 4% e

Klad

BREME S @ MGHERF URE N T UG EMAZ TR o

= EETR R
5 71986 & > £4M T ER 77 7 fAE S 4 (Jiangxi Medical
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CH,O

NHCOCHS,
CH40
CH,40

OCH,T

(Tateishi et al., 1997)

CESNE S ST ST X081

Figure 6. Chemical structures of colchicine.
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Collage, 1986) - # 4z B pRsE i & ¥ naphthalene, glycoside (Cichewicz
etal, 2002) ~ FpEsg 2 % ~ p fEi=(lactams) (Inoue et al., 1990, 1994 ;
Konishietal., 1996) ~ s+ B § % ~ ot T~ # kW Z 25 F - £
T B AP SN RRPIRER AP F Fehds 1 F12(Que et al,
2007 ; Zhang et al., 2004) » 2 = fj*oﬁ Grice BEF 2Ly itac 4
(antioxidant activity) ~ #r @] " % = re # 4 (inhibit cancer cell
proliferation) ~ NO" 75 “,f it 2(NO scavenging_ activity) - =& 3L pEfR,
(improve sleep) - 42 #%(sedation)® H & 182 &7 /42 -
(-) 423 it 4

EFETCARERT L8R kG Lo o z%;‘%%f it 4 (Que et
al., 2007) » #H = fu g o A gl - FATA| A e 3 0 ¢ AR
Fop chfg 0t Ao d S & B Fed] Py B § 0 oW, 4 (Cichewicz et al,
2002) » 7 3 7 dp.dh &£ #5758 A NO i 4 (Bor etal., 2006) » ¥ 5
Fitg 4 e (RSP ER 240 g PR A T2
% B (Que et al., 2007) » ¥ %% % % ¥ & £ 4+ 7= 2 gallic acid,
(+)-catechin % rutin ¥+#eg it F3 B Z AR M 2 ¢ BEBF AR
WOREBS G iy Y TP RS T O BERF &S LR
6 ¥ B F % 13 - pg(malondialdehyde, MDA) z & » F #xdrd] %y
By R RFA 0 IV R FH A4 F S 1t fE(Superoxide dismutase,
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SOD)i# i » 4ng it P chetgit2 b0 G By Mg £ 15 g5 7 o 5
HIFE A - - FFEEFIE E%((Fuetal, 2009) 2% F% =

e £< & & 7= (flower opening) & 7 & % # & < ascorbic acid(vitamin C)

% fa4g 0 B¢ ascorbic acid g CFEM G R RFEL £ 0 T
FELTARAMSEZETP AR o KB HPLC 47 & 4

- ¥ (+)-catechin, chlorogenic acid, rutin % quercetin » {¥ +(+)-catechin
B EE T AR R 7411 % B s R R
%o Z&oom catechin™ g a4 &gy (b Tk R
(=) Frl B iz i 4
FEF T Ap B iR e A 4 1 R g - B
3 v ¥ o b)4efs #p(Cichewicz et al., 2004)~ 3% = fé(ascorbic acid) ~
B-# & 3 % (Diplock et al., 1998) - H s £ 4L T-F B ¥ ford| 4
Ja lm v e Ao PRk Rm P2 a3 & (Hata et al, 1998) o ¢
2-hydroxychrysophanol ~ rhein (Cichewicz-et al,, 2004) » iz 4~ B 44+
TR P FRA i Bups %~ % Ko 2 Glso(growth inhibit) &
= 1.8 to 21.1 pg/mL - p £ 4 =ML PEFIFF P T e 45
kwanzoquinones A, B, C 2 E 1 %2 Kkwanzoquinone A ¥ B
monoacetates (1a and 2a) o
(=) NO 7 &
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NO - A3 id i L3 3RAFEHSsadAad 3

o

SR ASIEE BIITY > BEARY ER AT TTAEFS
migfriamihra 0 23 G 0 B A& G s wh g2
LA hB2Ha BEESONO Fa ¢ 72 -2 &4 NO
b dEpE % 5 NOS » # e % 4] % v L-arginine 2 %% 2 (guanido
group) = X & > 41* NADPH § £ % R ’;ﬁr} FAD -~ FMN -~
Heme ~ H,B § &8 F]13 = jg2 T & 3@ A, = L-citrulline i 42
? f#2cd NO (Dawson & Snyder, 1994) (] <) B.ane o4 48R 3
7oA faA e INOS » A7¢ — 78 5 F4 4] NOS (constitutive NOS ;

CNOS) » ¥ 2 2> € NO» B A A e/ > 4 & & pp A Jw
e A A e Y o 5 — g8 BIALEE %3] NOS (inducible-NOS ;iNOS) -

ARFANELE AR N AEFR T X AL AR T L LA

=

PlgciT A 2 > doimi e ek s wFZ A YLPSE A 4 s FHEF 4 2
i £ 2. NO R:iE {7 £ & 2 # 5t (Stuehrand Marletta, 1987) - ie
FF LB AR LPE > 2w 28 Lk (Moncada et al., 1991 ;
Alderton et al., 2001; Bogdan et al., 2001 ; Dawn et al., 2002) & 4-#% Ak
oo~ R E R s R E L PR P H MR RO
(Stefanovic-Racic et al., 1993 ; Ohshima & Bartsch, 1994 ; Kroncke et
al., 1997 ; MacMicking et al., 1997 ; Murphy, 1999)+ g% 7] INOS

21



NH

YNHE Y
NADPH 1/2 NADPH
——D- —-—-——-—-D + N=0
+
H3N -

HaN Co0
L- arginine N®-hydroxy-L-arginine L- citrulline Nitric Oxide

(Dawson & Snyder, 1994)

B = \;’g@ L-arginine £ & = NO 2} %

Figure 7. Biosynthesis of nitric oxide from L- arginine.
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i A NO RAF M) - 25518 L2 M AT
(Malinski et al., 1997) - 514~ NO 337 7 fadt e S5 LA m L 7 45
B B(ME e > X 93) o 4ok 7 1Y 57?",% NO &t & #r#] NOS » B
0 orxE g E (Arroyo etal., 1992 ; Chanetal., 1997) - 35 5 & *

NEF gL L ‘;Fi",éf NO z_ st # (Acker et al.,1995;Chan et al., 1997 ;

Kim et al., 1998 ; Yoshimi & Masashi; 2013) & |4 4= ¥ #7 7 &0
quercetin, tocopherol % eatechin % 4» 5 ¥ 24w 4] NO#7id = chif
(Kawada et al., 1998)s 77 7 7 dg i & F 22 2 4k i\ 4 EGCG > ¥ v

#] NOS L Flea 32 fE 2 %12 (Chanetal.; 1997)- st *h g g~k % »

»

E X BRAED o wiige s RadriRp A a5k NO
@ 514z 479 (Fitzpatrick et al., 1995) » F)pt - (fep F 24 35 ¥ ¥ 35
d PR R R BRdis Yo addg it s R ST
AR IE A R B armia il ) 508 v T A2

FrE & 470 drdld LPS 3 B E w4 2 NO it 4 (Bor et al.,
2006) » H P Sk N B2RTE £ 447 € B INOS E 2 INOS F-v &

e @ Frd] NO eh2 = o ¥ 2hpT 3 22 P catechin, epicatechin, EGCG,
myricetin 2 kaempferol % 4 &+ 1 -;-;*% NO > H ¥ EGCG { &+
Fr4] INOS # 32 # »z(Yoshimi & Masashi, 2013) - % £ 4- 7%t 1+
wAa P Bpug UM E Nt eSS A Bt £ E T NO
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4 it 4 (Chanetal., 1997) ~ #r4] INOS # 3.(Bor et al., 2006)fr4r
COX-2(Kim et al., 1999 ; Cichewicz et al., 2000) - %, m = 2. » & 4-7-
EFFRIEEE L ARER s AAFT Y L AT

%ﬁ%%NO%ﬁ@F%W°

(2) e pEPR (T% ~ 44F 2 H i (%

i)

{

& TR E 5 LR M R a2 cb 5 BT 0§ snde i
pE-fR, (Konishi et al., 2001) o 42 7% 24 e & 7 g 2 R cniE
(Uezu, 1997) » % #& 7 % 0.4 %% & itd x> 7wt £ % &

B RS P el L pEFR ek ERER PR o T 0 AP H R e R L

I
It
i
AR

£ (p<0.05) » 5 44" 4 & &k S Bedr gt 8L 4 R e
(Hsieh et/al., 1996).» 2 % 2F T & 4 1o 0% K Bles 4 o R g

po s T ok WAE £ ReRE o A S H R o B0 2B

«3

e § o e Fugem e # (Cichewicz etal’, 2004) » & & 4 ik
Wier o T A d & B X AAS LR F(Tobinaga, 1999) -
o~ kR G
(=) f 4
A5 QBT Arendag it o B X F - X F kAT -
i# F1+ & if 2 (one-factor atatime)= jz Kk F 5 B o e E 83 2
AT ¥ g FlF 8 F)F 20 B e 3B B (interactive effect) -
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At R - R TR ok s Lo P ALPFEI L A A o
P FEFFRAIPEOOREL Y LARZFIE L Sk
oo 50 A - i Y3 2 do A 2 (gradient
method) ~ B & $% 1%/ (evolutionary method) ~ = & BL3E % ;2 (simplex
method) 2 ~ J& ¢ a ;2 (response surface methodology ; RSM) % 4% 2% &
41 % (Himmelblau, 1970) > & 51 #3557 o2 Bk 7 0% (2 engoif (v - H
PR g 52 e Rl Eed TS 2 Beh 3O PR, T 2F § AT
TEEE G B3 T HG AR B Ao R S A1 e

F Rl 6% 5 28 BE 2 Bt Huir s SR AR T A 49

IR

J1 % #k (variable) # & %t F & & (response) 1B B8 (Myers &
Montgomery, 2002)« & Jd & = 7 A2 5 #ic (B % Be(eh 73 ) 8t
A2 2 FBE mwfa% i ix T 4T 5 v & (optimum
solution)e & B # G /2 PlF BFFEHA B d Bt BBF I A 4 -
B R g o 3 AR RIEE Y 5 g R FE
CEAALEFEAR TE R (RIHE BTN ER S L
47 i # 3% 42 B (Cheynier, 1983) ~ jFp## % % (Chen, 1981 ; Bowman &
Geiger, 1984 ; Zertuche and Zall, 1985)% p%-* f 7 %8 (Moresi et al.,
1980)2. 4 & 415 b o AR B M- X FHRA v - B FF B B
F%#@%?ﬁ#?%ﬁ*ﬁé’UTﬁﬂ%ﬁﬁmﬁgz
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(% 385%> 2 99)
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Figure 8. Flow chart of response surface methodology.
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1. ‘;/’i’f"fii; ¥ f:’ 'Fi.: 3 }f@‘i’ 1] /2Jﬁ 13‘} & %’Uv\ qi@:&t "?’ iV ﬁ'& )

RS AR BT REEL AL F OF A o

Iy
PR
A
«\A

B EOF i

AN

3. F|F Fen 3T 1T Ed A e

LSRN S ] f"tﬁ 3 4750 %

B & PR 2 3 (2% oW FOTIRS EcH kS 2

4. ¥ ﬁxi it m:}i,ﬂﬁ‘ ;":  F },@;E'" 0 /; »_»IT%E} ‘rﬁﬁﬁﬁ-—% %E.i\:? I %E{'}i‘—

st da g & & 3B (contourplot) » & 7 Eoig g 0 = R

R E G Blodtd BIAGE L ook g fhg g i
"”Tf;!'_ °
(=) Rz

1951 & > %—‘F’T B R R g 3 R P 4 (Box & Wilson,
1951) » # A A B RENWNFTTHRR S 22 { T L 8D
(data-fitting technique) » I @& 35§ 2 7 Sk #cdpiE = f it - F LRI F+
% p &3 #c (Objective function) ¥ 4p 7 B 2z B H N > i a ;{gd
o B ARER T A R EEGHIR S PR G2 A

B e LTI
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REESEF S SR E TSRS = S TNt L
B4 T3 > da¥7H FocE B > XA BFF SR E R H &
] # = ok B F]F % 3 (two-level factorial design) % 2 g2 T 2
(method of path of steepest ascent) % 3% & & /& 2k ¥ &
()= k2 715 33
KBTS KR SR My TR RA AT & F] S P AR S D
PEO s TR U BT e s e

(2)M - B Iz

5

R Pp S BT GE TR SRR R aE s WOH HR BT R B o
e § - kB - Rk B iz goie B B IESLE G B LIRS
A e X KRBt d fod— iy v PR 5 &

7 E o FRAPRRE S FREF  pFF BERH IR 0 EH

™

iR E R R B X B SR B T (RIA) 0 LS S

i (the method of steepestascent )-o &= e jsix & i * 4=48k (Py) i

FEARE CIERX AT R Wt R J5d BRE

G2 F R AR KO A5 F A KK BiEE S LA R

kgt bk BBl o B PR F RETE S LR
s BLEY 30 ¥ 3374 B % 2 (Myers & Montgomery, 2002) -

2.5 ¥ b BEHNE2
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X2

N
AN N
AN AN
N AN
N N ™ N Path of Steepest Ascent
AN N N
Region of fitted \
First-order response™ N
surface ’ N
AN
AN
y =50
AN
N

X1

(Montgomery, 2001)

B4~ SRR

Figure 9. Path of steepest ascent.
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R BT S 0 F Rk P E R B Bl T d - 1
#sC T & 1k 2(test of lack of it). % 5 &1 > F — A5
EE 5% @?kﬁ%tﬂﬁ%ﬁ%lﬁ{jﬁOEﬂ?ﬂQﬁ@?
& 2% 3+ (central composite design ; CCD).& = 4 ~v & gk(star point) ~ #h
2L (axis point)£2 ¢ . gh(central point)§ 2% > I PFiE & FlF K F sk 2
gy I 7 ~se b (multiple regression’)#Iaae (7 = Ff 3¢ ey
£ o
(1)% i &9 S%E

e A BT T AR A SR m BT A R i 0 TR A
AR B B K ok S TP SRR PR E B o o PR TS K
RPN S BRI ORI s A AR B SRR Y Y EE T A
heBh o 0B BEACRhER R T 000 = B 2 @B skt KA Rk
17 B o AR NASE Y B F B F ks £4EY - r el

(second-order model) (2)f-#t 47 & /4% E 2L AR -

n n 5 n

Y = Pko + Z}Bkixi + Zﬂkﬁxi + Z Z BiiXiX;
n =1 i=1 i <j=2

(2)

MZFG RGBS ABEY RESFY e o Bl

BEHLT K TN S B o B2 FlF kA g o g g IR AU K
2L R BLERFEYE 0 AP E T R B 2 2 RE L R BL2 FERAE o AU TS K

FOR BT R A R Y SFIRA AR 0 A D
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(12)

(3) @)
1,11 11;

(7) (8)
-1,1,1 1,1

(Myers & Montgomery, 2002)

B+~ 2 515 E A

Figure 10. Concept graph of central composite design with three factors.
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o R BB M S RETFS ke T 0 b Eh2 a8 ¥ opEd(d B)E 0
N B N 5 F 3R PR FERMBPFF R 2 07 Rk
(Thomson, 1982) - % BE2_ 2t @ §Edr 5 N; 5 & Bhit#ic > $hELE? fi BL2_
PR3 {rk Bher R ELZ pEAEAp E o ¢ o BER| A AR 2-(0,0,0):iE 7
EAFES AR R PG R R R L et 0 Y -
Tl IR R REEAREE TG S NSHFHRFL
(pure error) o 4ot = % o & TS 2R F S EEE ¢ 9 8H(0,0,0) ~ phat
W Bh(-d, +d) 22 > Agg 2 T EL(-], +1)E T BaRlFk B ER P wAE &
B K NAE 7P SATE 2 B 5 o i 3 statistical analysis system (SAS) ~
Statistical Product.and Service Solutions(SPSS) & st 48 » W F R o
WRFAGTEE SR S o T S RGN R i F Y 5 2
% 1 (Myers & Montgomery, 2002) -
3.5 ¥ & WiV i MRS
P 5% Bl e 7 M B A WA R 0 0 & T e
i Ae R o ¥ A1 * % 2 #ies 4704 (analysis of variance ; AVONA) 12 2
¥ %_i% #ic(determination coefficient ; R?) % ¥ 5 o hFERLE e i
Bt e et %ﬁ BB e S IR ORGP R Sk Wy AR
P> d ¥ ALY WEBLEAF RS 0 4 T Bt Bed P
TR A AREA o
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(1) %3 o472

Gtesk xBTS EFPFT D Ftestie To
FO = MS)(]_/MSE

H ¢ > MSg (residual mean of square) % #% £ 2. T 35T = Jr
MSx; = SSxi/ v xi Bl & #5582 T 39T 2 4o
SSy1( x1 sum of square) & #i-3% 2 3% ﬁp??é‘ 2
Vxi = B9 R
£ 10 F 4 i (Rdistribution) & a8 wfF 224 oo d W F 20 & & 2R E
Faooip¥pd R2ZFiE > B F s FEl @ iueut S it 2
o titese t 5 (1-o) PRIEERE S 1E o
(2) # Tk
B 2 ag R T He R g4 8 Ky R®= SSg/SSt
PN I R RS F T 2 4
W GF RO R A o PR B 247 42 & SSR (regression
sum of square) & #cF HCN 23 jESSL oSSy (total sum of square)
FRAHARE PR BT L A A ST g
FoHBAE F 2 R BB 1 &7 MBS L F RBRL
mAARE ~ -
435 e Bh2 -

& (@ B~ fLiE9 2E(stationary point) > ¥ it £B < F i B 57 A B
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(point of maximum response) ~ & |- & & & #7 & 28kL(point of minimum
response) &% _¥x 2k(saddle point) » — &2 i+ B] & 47 (canonical analysis)

7 2] ¥1(Myers & Montgomery, 2002) -

p 2 L9 Yk i)

gk LFSG P sz PEREET D - A D BN R
Gl A ) TTA N ST B R F S 2OERE LR BRI T
P 2 S S = S AR R TR e R T AR BT
F* ttest sk~ 470 ttest a & -2 FS it dic e {2 8
i % (standard deviation; SD) (&t dis m 2%t 4 ttable @ 4p4tp o
BT otvalue Hlood T b F) SR BT R F B o F I Gk

22 SD i < % tvalue R F 5 R R FR

éutn
m‘ﬁ
-
<
<
D
»
Ro

Montgomery, 2002) =
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e SRR o R
- ~RE&EHH
(-) 7 &tk
Pep SETTES L L2 £45C 0 B %% Hemerocallis fulva L. »

PR EP I EAGRUET AL ATEELTE AR E LIFE

e

¢ ¢d ;’rﬁigfg—tg P RERBHEN AP BR AN ESEETE
AR TGRS BRASNE3 6810 cmeE -(>10 cm)FF
F(B+-)e

(=) NO# f,pru»/;wr*pé*

HPLC . gallic. acid & & 98 %12 + ~ Folin-Ciocalteu’s phenol
reagent FEp Fluka =7 o 247 %sodium carbonate (NasCQOs) 4 & 99.8% >
aluminium chloride’ & =99.9 % - quercetin*7 95 % ~ & 47 .%sodium
nitroprusside (SNP) /&= 99.9 % - sulfanilamide & & =99 % -~
N-(1-naphthyl)-ethylenediamine ‘dihydrochloride » & =98 % -~ sodium
nitrites & =97 %3=p p Sigma < 7 - phosphoric acidptp » &8 v
A
(Z) AT &4 ok A foor g 25 5

catechin’ & =99.2 % -~ rutin & =91.4 % -~ chlorogenic acid s &
=95.2 % ~ kaempferol & =97.7 % -~ epigallocatechin gallate, analyst
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Blt- ~TB2F2EFRZ £247F

Figure 11. Different growth stages of daylily flower buds.
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ical standard ** & =98 % -~ wogonin * & =98 % ~ pinocembrin,
analytical standard-3=p# g Chromadex = # -benzoic acid 4 & = 98.5
% -~ caffeic acid % & =98 % - epicatechin % & =98 % -~ quercetin
B =98 % -~ ellagic acid & =95 % > 2 F pEp £ ® Sigma = @ o
myricetin % & =96 % ~ chrysin % & =97 %% pi-p £ & Sigma-aldrich

A=

(m) % #

HPLC &formicacid ~ 447 %dimethyl sulfoxide (DMSO) 12 F pi
p ¥ RMSigma= 7 o HPLC zmethyl alcohol (MeOH) r#p Mallinckrodt
2 o 1 XY QS YiFpE FEp R P I A (o
- REEA
(—) & e i 40 4 % (HPLC)

¥4 FEp # WAgilent= 2 5 Eclipse Plus Cig ¢ $4(4.6x250 mm) >

%4 AR 5l

Fi# © p ~Shimadzu= 7 LC-10AT 3]

A # it ®E ¢ p & Shimadzu = 2 SIL-9A%]

k3 - L] P E ¢ p A Shimadzu = 7 SPD-M20A %]

ML opdrrp AR 3 KPhenomenex = 7 DG-4400%]

T2 ¢ p  Shimadzu =  Class-VP chromatography data
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System 6.14
(=) A i 4
= #*Hitachi = # himac CF-15R%]
(2) R Rk
JE 55 % ¢ 7h L Buchi2 # RE1117]
Kig 2 3L Buchi = #4613
1 2 7§ ¢ p ATokyo Rikakikai = 7 A-3S3)
A AT TRAS ¢ oiFFirstek Scientific 2 ¢ B403L 4]
(v) 428 kRt
/2 7+ Power Sonic2 #4203
() % F-7 8 sk Kok B2t
p A~ Hitachi 2 .e7U-2001 Spectrophotometer
(=) Vortex Mixer
% ®WThermolyne > 7 A& 7] %.37600, Maxi-Mix Il
(- Ve R B E
% WCorling= # & &
(~) ELISA Reader
2 ®Thermo= & & &% > A2 MRX I
= RERDE

(=) HEFNOF LS A2 £ TRA
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1 ¢4 I 2 W1HF

> B4 F5 059 ¢ i iE 70 mesh & 2 2 ik 5o £ 4T R
33 ~ 6 ~8 ~10cmEFERCET BIFE 0 4 >3t 250 mL
2. 95 %o EEAAY N F R S ERIEE T UBEMIE24h 5 2 (8
3+ 15,000 xg > 4C ™ o 30 min(E 23k > X 97) o 1% 90 mm jjg

Wig 2 T kb iR o TURRRIR SRR B g 0t L R R E

m

- TREAE MR B AR IR R -F L iR 5B o
2. NO; i“f IR T

> wB~12.5 ul 2 100 ppm £ 4= ¢ fis 5 B gr 40 ~ 487.5 ul PBS#
% (pH 7.4) 2 2.500 plz225m- M- sodium-nitroprusside(SNP) 2. PBS 3
e > 3t 8 K 120 minzs {8 0 B a1 125 pl & %4 » 75 plz Griess
reagenti® fr3o 3 S| R A PBSP- it % s 3 gele 1IPBSP i & R o
1 4 Sk sk B 2Ripl £ bR 570 nmZ sk k @ (Boret al., 2006) - =% sk {7 4%

oo & o Rl $ENO f—, %5 o Nitrite k& 7' 2 sodium nitritez_ %

B TR ER RS FENOL i

ODsample-OD blank}

Scavenging effects (20) =1—
OD control - OD blank

3)
OD sample: & &% & 570 nmz_ ¥ k& &

OD control: #+#] 2%  £ 570 nmz_ & & {5

OD blank: 7z v %>t £ 570 nmz_ s 5k &
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X% s 3F i & 47 (Total phenolic compounds ; TPC) z & Bl
W B~50 plik 52 7 ik R % &gallic acid(GA)#2500 plz
Folin-Ciocalteu’s reagent;® £ 353 » £ 4c »1 mL H,O% 2.5 mL2_20%
Na,CO3i% ik F J& > & Jts 1+ & ks & 3Rl 2k £ 735 nmz w5k @
(Julkunen-Titto, 1985) o 5.k EA%XB 4 T & 2 £A4% 5 > d 7 ik
B 2z gallicacid#7 ] & it o R EH S Bpmit 2 58 o
rmg GAE /g dry weight#7r .
4. %% fr (Total flavonoid ;' TF) 7 & Bl <
AR Pk ARAREOHA ¢ B F AR A St FH T Al £
430 nm T P = H Es Bk (Isabel etal., 2011) - H 2 = itz & 40 R
§ % R TER s Rl i 4l ML
querceting? % 4 fC o' ip X oo o w4 2~ LmL2:2 % AICI* T 38+ &
15 minzo £ > U Ak B R HRI B A K430 nm2 sk (B o d 7 IRk
B quercetin a7 f = sl & A 2B e SFE A 2 E 0 Umg
quercetin equivalent/g dry weight# -+ o
5. FasE it & 4 ke A 47
Be b £ 4T R E P43 003 202 mL DMSO 5 120.22 pm]
ALBR 1S 0 B~ 20 UL i~ HPLC 4 45 - B 24p 41 * 1449 Cra ¥ $1.(4.6
x250mm) > #ddpe 7 A 3ir5 % formicacid2 Bi* #% %100 %"
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Fe o b3 iE 2 E_A0 minpF o Al d 70 %iE bR 0 B i 3R R
d 30 %i% ;b3 4v T 204 48 5 40 %> 304 48P+ 5 45 %> 504 4505 5 60 % >
524 45 P% 580 %> 2 60 minpFA * 4% 5 10%°B * &% £ 3190 % >
photodiode-array 1 P] % A & & 190-800 nmT™ & {7 » 7(Yaoa et al.,
2003) - #7# Bl enfis 5 i & 30 catechin, EGCG, epicatechin, wogonin,

chrysin, caffeic acid, pinocembrin; rutin,.chlorogenic acid, kaempferol,

quercetin, myricetin# ellagic-acid -
(=) % NOF"F et & 2 sl i+ 3B i 4o
1. 24P BI85

WHRE B LBAEE L 2 SR - o &E kPR
B2 e kR e fRenE Bt G115 (WiV) o B R Bk K IR BT A7
IF e gk & (ethanol concentration—-EtC) (%) ~ % P~iF & (extraction
temperature ; ExTe) (C) ™ % % B~ p& ¥ (extraction time ; EXTi) (h)i& i~
P> 2 {530 15,0000%g > 4°C T3 30-min o 1% 90 mm i KB

EETERAZ D

2 fsfek b v e R E D - R B

x\“‘\

R
2. A2k
LA ML F]F BRI I - P28 0 d ¥ BR(X=0, X,=0,

Xs=0)ir FHABLe P HBE 0 I F BEFR LR 5L TR
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AR L o R EEL TS E AT S - B 0 R 0 A

7

# s M fF 7 ¥ (p>0.05) » s pEs SN FRIE KR
(p<0.05)» # 7 p- Bk b % 2 d MM > HE T W 5+ BB BB LY
WA B E T B BE CCD g (735%k 1 BT { Hradg
@ o

AR BB 2 Rl T A2 CCDdFsd irériEeng 4470 H &
F NO iF74 7 1 3 i {* 3P0 o - lics ¥ @ EtC - ExTe ~
ExTi» 2T Pk kid i P S BRI 2 o
4, st
FoOls e oE gt ek de 48 SAS (Statistical “analysis system)

PERY B §f = ¥ (response. surface regression ; RSREG) ETAR B B

Y = & J&(response) & 5| & NO-;%%FT (%) % ; iuf B & (TPC) » By
FoA R REEVEO s QR I REVEPa 5 - TSRV o
Xi = M2 % #kc; & * Sigma(version: 10.0; Jandel Scientific, Erkrath,
Germany ) ‘g Rl > = #c? - FEFALS VHER 75 P
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Hr i o BE S 3 ame g
NF B Bchp i@ SLhEck) SAS B 7 53447 0 1M ANOVAZR A
g B 447 0 & ¥ 2 Duncan’s multiple range test4 47 £ & &2 & 82

L F 8
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2. BEaism
-~ &iE B NO; i“f,—éﬂdvln\f‘ &Rt
AT TR g T RESFEI 6 8 ~10ecm - F B H
27 B %’gr} LRl mEBF L RHE NO ‘}ﬁ'-“,fr:%:a R
PSR TPC-TF2 1L AR A4 a4 1HE N E NO
%,‘,]%é»za\r’ﬂ!%éi = ke gL T Men g 4 T H-1T L {8 RSM &
5P R e s ol

(-) &£ 77 b 2 LI EHNOFH R 5.5

EORE v FEE & 4H7-2 ﬁ?—rﬁkiﬁ’ﬂi’% NO i i fﬂb 4 R

T

&

B NO» *0 5 Addhir et o vk s & TRmEapmit &5

Scit— e 79 SNP 2 & NO 2 jf#ic 4 s o SNP o3 it

[

Flet NO,—;—MF‘@, » A 4 i; dﬁxagdfr;ftb)}n,j}ﬁ B-L_- %

Fit £ 457 Bl ETed# NO e 52 50 Badpd > 247
NO ; iﬁf hEA R A T2 60 B bos HY U Bk E R

W H £ (p<0.05) > NO ; i"f F % i£ 63.38 % - @ Bor et al. (2006)

it & e @ aINO F4 513 40% o gt b - BESHETT £ 4

4c catechin, epicatechin, EGCG, myricetin, kaemperfol % 4~ & = 4L 3%

v 3 *z,—ﬁ‘-"f NO (Bor et al., 2006 ; Yoshimi et al., 2013) » F]p* {4 5
#¥-p 2 TPC~TF 2 £ %2 H 2 o
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Figure 12. Effect of different growth stages of daylily flower on nitric
oxide scavenging. Bars represent meanstSD, n=3. Bars with
different letters are significant different (p<0.05) by
Duncan’s multiple range test.
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(=) 2812 FAEIFETPC z &%
ErEg g P g LR 2 EE B gt &
Pt & &4 (Kaltetal, 1999 ; Cichewicz et al., 2004) - % & @ i
LR PR T e Y BRIt AR RS
frE o> He gt £ 23 NOJ j—l‘f it 3 (Boretal., 2006 ; Kim et

al., 1999) - Folic-Ciocalteu’s@ssay = — F&/R iZ* *tp| £ w58 i & 4

%k W IEROSR AR Rt L0 AL d F 4 R
¢ th% ¢ & & (Julkunen-Titto,1985) « ¥ % ~ [;Jc}ﬁ“ TPC 2 &Rl z_%

® % FRAR 0T 5 3 B3 &l(Sun et al, 2009) > FIE A FE § ErER H hE B

2% 0 4% GA AR mE a4 GA 2 F £ w

IR

i TPC 7 £ >»2.mg GAE/g dry weight 277  CAE#iE & ° % 7

& TPC 7 & BLZ &4 T-ARE RIS TPCZ 2 %1

@7

X7 TPC 2 R'C &4 R AR n i »10cmfrR ve s £
$2¥ & 20 mg GAE/g dry-weight ik 5 H d @ % 4 g hdg g
H TPC % # 8 £ 22.4mg GAE/gdry weight- B+ = % £ 477 F 4
ErPB2 NO 4 5% TPC ¢ £2 M it > %447 TPC § £ 4r
NO 4 R,=0.9113 > £ § % RARM = 3% 5 72 § g s i £ 4 2
7 NO 3‘—"? = 1+ (Acker et al.,1995 ; Cichewicz et al., 2004 ; Bor et al.,

2006) -
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Figure 13.Change of total phenolic compound content for different
growth stages of daylily flower in terms of mg GA
equivalent/g dry weight. Bars represent meanstSD, n=3.
Means with different letters are significant different (p<0.05)
by Duncan’s multiple range test.
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Figure 14. The correlation between NO scavenging effect (%) and total
phenolic compounds . Means represent means+SD, n=3.
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S N AR A PLMEEaE A T TR T A R
BTV 2l pigRA; S {8 T eng 4 45 & 4~ (Isabel et al., 2011) o & 2%
™oquercetin iF 5 R & 7350 quercetin dp ¥tz £ 0 14 omg

quercetin equivalent /g dry weight % -+ - # quercetin 7 & g% 0 &

R TF 245 BET S EP A RALFETEF 2 R8>

ﬂ\\i

Y87 TF 2 & B S g 50 g4 R B (p<0.05) - i£ 4.66
mg quercetin equivalent/g dry weight o
() £ T2 RA RIFEF S &3 B 247

%8 NO s TPC 2 TR dmeifawa ' i ¢ § BG i &
Foodust ka4 TR AR S 4 5 B B Fus 4 B (Acker et al.,1995) -
Fpt it - 4] * HPLC & A a4 it £ =4 45 (Yaoaetal., 2003) - B+
» AR TR SR ME 7 HPLC & 45 B0 235 278 nm 5 catechin,
EGCG, epicatechin, wogonin, chrysin—% benzoic acid(p # % %) > 290
nm 73 caffeic acid, pinocembrin(p % # %) » 340 nm 73 rutin,
chlorogenic acid ~ kaempferol, quercetin, myricetin % ellagic acid(p
BF)e - ZE&#TIRIZENEZBHCEF AT B0 7
B & 44704 £ & 34 A w3 eh @ 35 chlorogenic acid, epicatechin,

caffeicacid 2 rutino iz 4= 5 B -2 7 £ ¥ 3 > 2 & & &(p<0.0
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Figure 15. Change of total flavonoids contents for different growth

stages of daylily flower in terms of mg quercetin
equivalent/g dry weight. Bars represent meanstSD, n=3.
Means with different letters are significant different (p<0.05)
by Duncan’s multiple range test.
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Figure 16. HPLC chromatogram of phenolic compounds under (a)278
nm(b)290 nm(c)340 nm. 1, catechin;2, EGCG; 3,
chlorogenic acid; 4, epicatechin; 5, caffeic acid;6, benzoic
acid; 7, rutin; 8, ellagic acid; 9, myricetin; 10, quercetin ;11,
kaemperfol; 12, pinocembrin; 13, wogonin; 14, chrysin.
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Table 1. Different growth stages of daylily flower of each identified

phenolic compounds content (mg/100g dry weight). Means
represent meanstSD, n=3. Means with different letters are
significant different (p<0.05) in the same raw by Duncan’s
multiple range test

Different growth stages

Phenolic Bud Flower
compounds 3cm 6 cm 8 cm 10 cm

Catechin 68.80+3.67d 122.93+4.7/b 126.50+3.24a 118.43+0.47b 107.78+2.17c
EGCG 59.82+3/47d _90.17+3.33c -110.04+0.35h 103.74+4.38b 140.75+7.67a
;Sg”ogm"c 16.49+0,72c 24.68+0.73b  25.2840.79b  23.50+0.78b  33.06+3.97a
Epicatechin 48.74+2.05d - 60.98+2.63¢c-63.92+1.46C . 75.54+9.98b 91.71+7.91a
Caffeic acid 3.35+ 0.26d - 6.80% 0.24c—-8.21+ 1.15b'" .8.70+ 0.91b 9.60+ 0.61a
Rutin 9.69+0.02e . 14.26+1.35d »+24.55+0.82c "39.90+£1.94b 43.14+1.74a
Myricetin 1.25£0.06a 0.17£0.04c® ©10:17£0.03b" .~ 0.04+£0.03d  0.31+0.04b
Quercetin 0.54+0.03a . 0.17+£0.02¢c 0.32+£0.07b 0.56£0.04a 0.60£0.09a
Kaempferol ND ND ND ND ND
Wogonin 0.89+0.05a  0.78+0:05b 0.66+0.06¢ 0.65+0.05¢ 0.60+0.05¢
Chrysin ND ND ND ND ND
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5) > & %] ¥ 1% 33.06 ~ 91.71 ~ 9.60 2 43.14 mg/100 g dry weight -

\“‘b

"EEAT A K 2R A R 95 wogonins 3 em 3 REFF A

@ %] (p<0.05)- i 0.89 mg/100 g dry weight> & B =& ]~ 2 5 0.60
mg/100 g dry weight e 2=t » 7 E*E £ 4 -2 £ SR AH S B ° 7
catechin 2 EGCG - H catechin 7 £ ¢ 3 cm #268.80 mg/100 g dry
weight 3 4r 2 8 cm 2.126.50 mg/100 gdry:> & 8cm & ¥ % *t H © &

£
'L‘l!d:

5 (p<0.05) » e B2 {2 gF AR N R A RS T B e 2

Ik

Y

107.78 mg/100 g dry weights m EGCG Z-& P& 4 3 ‘cm =7 59.82
mg/100 g dry weight ##r 3 8 cm 3.110.04 mg/100 g dry - iz 10 cm
P T % 2 103.74.mg/100 g dry s H ¢ o BB Tka E gt H B R 5

(p<0.05) » ¥ i£ 140.75mg/100gdry - # = 2 B F*E F & & =

r‘r"

T
P

7 3 4o ABF e T 484 H5 myricetin £ quereetine myeicetin 7 £ 12
3cm & ¥ % 3 H s wl(p<0.05) » ¥ i 1.25'mg/100 g dry weight » @
10 cm & & >t H 5 %8 %j(p>0.05) »—% 0.04.mg/100 g dry weight -
quercetin z £ 2 3cm~10cm % B CE ¥ § 3t H & % 5(p<0.05) > %
% ¥ 12 0.50 mg/100 g dry weight r2 + - catechin, epicatechin, EGCG,
myricetin, kaemperfol % 4~ & = #EF & 5 NO -;ﬁ-“,% it # (Yoshimi &
Masashi, 2013) » ® catechin ~ rutin & & 4“3 WS T & B 4P

B4+ (Queetal, 2007)> m ~#73 B 7= @ epicatechin~EGCG - rutin
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(7FeRok o R AR R B
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Figure 17. The correlation between total content of catechin, EGCG,
epicatechin, rutin (mg/100g dry weight) and NO scavenging
effect (%). Means represent meanszSD, n=3.
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Table 2. Steepest ascent of response

Factor Response

stage  EIC (%) ExTe (<) ExTi(h) O scavenging (%)

0 65 50.0 4.00 65.63
1 67 52 375 72.09
2 69 54 3.50 77.13
3 71 56 3.25 79.20
4 73 58 3.00 79.97
5 75 60 2.75 87.08
6 77 62 2.50 85.53
7 79 64 2.25 83.07
8 81 66 2.00 52.20
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Table 3. The reaction parameters experiment range of five-level
-three-factor central composite rotatable experimental design

Independent Coded level of variable

variable -1.68 -1 0 1 1.68
Ethanol concentration ( Xy) 58.2 65 75 85 91.8
(EtC, %)

Extraction temperature( X5.) 51.6 55 60 65 68.4
(ExTe, C)

Extraction time ( X3) 1.91 2.25 2.15 3.25 3.59
(ExTi, h)
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Table 4. 5-level-3-factor central composite design and experimental data
of nitric oxide scavenging effect and total phenolic compounds
in flower opening daylily flower

Coded level of variable

Ethanol Extraction Extraction nitric oxide TPC
Treatment concentration temperature( X)) time ( X3) scavenging  ( mg GAE/

( X1)(EtC,%) ( ExTe, C) (ExTiyh) effect( %) gdry

weight)

1 0 0 0 82.56 52.64
2 0 0 0 83.01 55.75
3 0 0 0 87.47 53.99
4 0 0 0 88.89 52.81
5 0 0 0 89.00 53.86
6 -1 -1 -1 70.54 48.35
7 -1 -1 1 56.59 37.68
8 -1 1 -1 62.10 38.75
9 -1 1 1 53.10 35.15
10 1 -1 -1 65.20 42.56
11 1 41 1 79.33 44.57
12 1 1 -1 63.20 42.16
13 1 1 1 71.06 45.16
14 0 0 -1.68 68.48 45.19
15 0 0 1.68 67.57 42.58
16 0 -1.68 0 69.51 46.97
17 0 1.68 0 66.15 45.71
18 -1.68 0 0 64.21 40.15
19 1.68 0 0 64.92 35.39
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Table 5. Second-order model equations for the_response surfaces fitted to_the experimental data points, as a function of

1
nitric oxide scavenging effect respectively, coefficient of determination (R?). * Y = nitric oxide scavenging effect,
X1 = ethanol concentration(%), X, = extraction temperature(<C), X3 = extraction time(h)

RZ

0.9381

Model equations *
-1093.22 + 9.78X;+25.38X,+ 38.22X3 - 0.066X42| - 0.261X5%- 31.025 X3° +

Y =
-0.0033X1X2+0.042 X1 X3+2.247 X3X3
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%o ZP-ice 35 P EtC 5 58.2-91.8 % ~ ExTe 7 51.6-68.4C ~ EXTi
5 191-359h> 2w 5 7 FF k= F]F ch CCD R R I £ 441 ¢
Fi 5 Pedr et 4 B R KRB NO i 52 TPC 7 £ 0 F-NO %
TR ARG FHT o N R B S BphBE2 F S B NO g o i
53.10-79.33% > H P g s Bz 4 AiF i 2 ¢ < 8 (central point) ¥
NO 7% 5 Rl /i >+ 82.56-89.00% > 5% WH R F I T P A

A ARG T WA T SRR A B SR A

178088 SAS ¢ R Y @ ‘:#ET?/»\#’—?(RSREG) EEH DA AR
Ao B ERY) d M il 093810 £ R - SR SN E
VFeHfEP A P R ERE R E R AL T EM R A S
= = %5 e Rk 11 (ANOVA) &% - 45 = =0 738 54 (total
model)*t F-test &or £ 3 BE R T (p<0.05)»% 14 = =t #icd] § 58 50
¥ NO “,f 7B AMME  B¥ X 1S v (quadratic) £ A F B2 AR

(p<0.05) > m = 3 i% *(cross product)s T3 kg% £ £ (p<0.05) - % 7

'.3;

PR BRELF AL OITEY LG FRF NO GF
»r % o KR A (total error) 4 77 5 gt = = % 3F 5N i 4% 14 (lack of fit)
;{{—?%2%’3 (p>0.05) > d pt 7w (Barpt = X AN TR OnEL m g ¥
BEORFALARRS kp FHRFZL (pureerror) o b R iE-

T ERRIA AT fRZ B R R NO R F L FRMBE By
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Table 6. Variables analysis of variance for pertaining to the response of
nitric oxide scavenging effect

Source Degree of Sum of Means of F-value Prob > F
freedom Squares Squares
Total model 9 1961.1661 0.9381 15.14 0.0002
Linear 3 161.1793 0.0771 3.73 0.0542
Quadratic 3 1546.9740 0.7399 35.84 <.0001
Cross product 3 253.0127 0.1210 5.86 0.0168
Total error 9 129.5047 14.3894
Lack of fit 5 89.3909 17.8781 1.78 0.2976
Pure error 4 40.1137 10.0284
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Table 7. Variance analysis of nitric oxide scavenging effect for joint

detection
Factor Degree of freedom  Sum of Squares Prob > F

Ethanol concentration ( X3 ) 4 650.0476 0.0015
(EtC, %)
Extraction temperature( Xz ) 4 833.4406 0.0006
(ExTe, )
Extraction time ( X3) 4 1175.3483 0.0002
(EXTi, h)
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T e RERXK)EFERXKG) ~ FEEEG)HNOG 5 Y - BF
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NS F R PR R TS Y% o R P B S A ENOG T 5

PRF SN AT PR 2262800 &5 & #NO L F > 5 R
A 255-60 C2. M & Fiac@ENOFHI < Bl {4 & AREFPE L

2.75 hp# ye pbik Rt 52— R SENOZEIE 50l e ik &R 70-75 %
P g PR R 55-60°C 2 2 3 b ENOGIE S5 - Bl= - 5 AR
ZPR R 260 CP oo ik & &5 B-PRE #NOG f-? g7 (R
B ¢ iRER 70-75 %pEes 5 PR 5 2.6-28 07 B & z’v’ﬂNO‘)%“ﬁ X o

Bt NOF A F 2 S P g REJ APMIL « BB R &GS T2 2=
WA RN G kR STS% B F R 260°C-Z B R 5275
hps > BB ol £ 4725 F B 9ONOG 2 57 i£86.63 % » kR 1 if

FREBECOFEBEREFT B2 2 R K AR N T &
H% % B NOG*5 5 % %% 15 83.96 % » SR 77 47 A % 4795
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Figure 18. Effect of extraction time and extraction temperature in 75 %
ethanol concentration on nitric oxide scavenging effect.
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Figure 19. Effect of ethanol concentration and extraction temperature in
extraction time 2.75 hour on nitric oxide scavenging effect.
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Figure 20. Effect of extraction time and ethanol concentration in

extraction temperature 60 9 on nitric oxide scavenging effect.
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Table 8. Results of verification tests for fitted model of nitric oxide
scavenging effect

Response variables NO scavenging effect (%)
Predict value 86.63

Experimental value ( mean) 83.96+ 3.45

Sample size 5

95% confidence interval ( 79.67-88.25 %)
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%1 < F AF(79.67-88.25 %) » 4 7 kBB E B2 £ ETF LR
P 5 $NOG fﬁ‘ﬁia BARRISEARR o L AT BA s &
B RAPM IR £ G R EP R NO'J%% A 4
(Chanetal., 1997) ~ #r41iNOS# 7.(Bor et al., 2006) » F] st 2_ & € 45+
FTPCH B i Foif it o
(=) % TPC & if i 3 B~ iz i 453

F &4p &1 TPC 7 247 NO 75 f FAaL AR 0 Bg 4T faap it
& B U X3 B AR4p B (Chanetal., 1997 ;.Boretal., 2006) - F]y* 14
G3E 3§ NO g AL IR e 7 F TPC i i+ 55 i
REE sdon it A frno R wE ST PR = )+ L4 B R skEY TPC
GRBETPC B9 % e baT o~ B BESBnEL2 7 ke
¥ TPC 7 & 4 *v.35.15-44.57. mg GAE/g dry weight - 2 ¢ 3p3% 5 & &
4 & i% %2 ¢ < gk(central ‘point)¥ TPC. 7z € Bl 4 »% 52.64-55.75 mg
GAE/g dry weight » o pb® faipls 4 AR id4p 5 HiT? < B o & 4
24 B F B A0 SAS ¢ R 6 i fF(RSREG) -
EEH - 8 AN B e a#k(RY) ) d # 2_a#c 0.9319 8 apt -

WA RN LG EROERS AT REF RS REE LR T

BB ko - 5 5IF N RS R A 5 (ANOVA) 2 % 4ok L 977 5 =

= % 78 ;% (total model)>> F-test %1 & 7 & ¥ % 3 (p<0.05) > # 7
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Table 9. Second-order model equations for the respanse surfaces fitted to the experimental data points, as a function of total
phenolic compounds respectivély, coefficient of determination (R%)»*Y = total phenolic compounds, X; =ethanol
concentration(%), X, = extraction temperature(2C), X;=extraction time(h)

Model equations R?
Y=-451.19+1.864364X,+12.687747X,+45.82X3-0.026823X;%-0.142083X5°-22. 874714 X3°

+0.020150X:X>+0.308000X1X3+0.964000X,X3

0.9319
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Table 10. Variance analysis of for variables pertaining to the response of
total phenolic compounds

Source Degree of Sum of Means of F-value Prob > F
freedom Squares Squares
Total model 9 684.4384 0.9319 13.67 0.0003
Linear 3 31.2446 0.0425 1.87 0.2046
Quadratic 3 579.6358 0.7892 34.74 <.0001
Cross product 3 73.5580 01001 441 0.0362
Total error 9 50.0528 5.5614
Lack of fit 5 43.8854 8.7770 5.69 0.0584
Pure error 9 50.0528 5.5614
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Table 11. Variance analysis of total phenolic compounds for joint

detedtion

Factor Degree of freedom  Sum of Squares Prob > F
Ethanol concentration ( X3 ) 4 139.4780 0.0108
(EtC, %)
Extraction temperature( Xz ) 4 239.9277 0.0017
(ExTe, )
Extraction time ( X3) 4 513.5864 <.0001

(EXTi, h)
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Figure 21. Effect of extraction time and extraction temperature in 75 %
ethanol concentration on total phenolic compounds.
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Figure 22. Effect of ethanol concentration and extraction temperature in
extraction time 2.75 hour on total phenolic compounds.
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Figure 23. Effect of extraction time and ethanol concentration in
extraction temperature 60 2 on total phenolic compounds.
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Table 12. Results of verification tests for fitted model of total phenolic

compounds
Response variables TPC (mg GAE/g dry weight)
Predict value 54.02
Experimental value ( mean ) 54.36+ 0.94
Sample size 5

95% confidence interval (53.:20-55.54)
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