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Quantification of gallic acid, catechin, ellagic acid, rutin and quercetin from the
ethanolic extract of flowers and their effects on free radical scavenging activity.

Vorarat S., Samee W., Sornchaithawatwong C.

Abstract

Flowers founded in Thailand 22 types were extracted with ethanol and then dried. The crude

extract of each flower was test for antioxidant activity using DPPH radical scavenging assay and
ABTS cation radical scavenging assay. It was founded that Caesulpinia pulcherrima has highest
activity (IC,, = 0.09-0.22 mg/ml) following with Antigonon leptopus Hook. & Arn. (IC,,=0.15-0.24
mg/ml) and Nelumbo nucifera (ICy, = 0.30-0.59 mg/ml). Five phenolic compounds; gallic acid,
catechin, ellagic acid, rutin and quercetin, in crude extract were determined with optimised HPLC
method. Antigonon leptopus Hook & Arn has highest amount of catechin and ellagic acid (CA =
11.86 mg/g, EA =11.85 mg/g, total = 23.71 mg/g). Nelumbo nucifera has CA= 7.03, RU= 4.89, EA=
5.18, QU=0.68 mg/g and total = 17.78 mg/g which these phenolic amount is in the second rank. The
“third one was Caesulpinia pulcherrima (GA=2.07, CA= 3.69, RU= 6.21, EA= 3.63 mg/g total=15.60

mg/g). Other flowers’ crude extract have total of five phenolic compounds less than 10 mg/g.
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dnvazmengaumans  suuihuliueine 13 was e1galdng 7-10 was lugla

[ a @ A ) 14 Y
A9 darluuvaniSes veuludnusSeveuluSey asnsenauaenlulnddalssea A1usen

o = o o - o ;Y = o) 1Y =)
13 AAUTONADNN 2 YU AYT ABNNVNADNATAYABNEBU UYaed  Q199na1sl 5

= o Nﬂ P d? o @ e o =t
Ay Lﬂﬁiﬂ?@! UADNUTIYUIUUINANADN ﬂa']ﬂi:(ﬂ&ﬂu&l'ﬂﬂlﬂﬁiﬂ'lllm meﬂu 5 unndg

o Ya ' P =) <
HAY INTIAIYAATBY ﬂi’)ﬂt‘ﬂuﬁmﬁ’ﬂd 20NABNAABATL
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TOIHN

&
pOUq -

533

Y a '3

¥oInemans Thunbergia repens Linn.

] ¢

Y098 Acanthaceae

o ¢ v g IS s g '
dnyarmangnumans  seunuduldviuds wanfsd iy Tuwy Jawly

A1 9/ a ~ L
HHUAY @anuaNIVY Eﬂﬂ536ﬂ1ﬂlm5 UnaVABN 5 NAU venABNARDALl

AINITAY

.
=

80U -

9™

d' a <

¥oINUNMaAAT Cosmos spp.

A < )

¥OoNA Compositae

o < Y g I ' a

dnyarmangnumans  dvuduga 3-4 e aendlurenszynnusenluuazlans

| @ = st % 1 ' '

apndeuenlumiiy NAuADAREA19T AUARILY FUWONIIT AL ¥12 druaenatluiiuaen

4 = o = =y v ] [~ q’/’ =1 g/ [} '
auysalne naveeniuvasad@viaesstaiin dnnilueendwfe) vuaduriuguinas

v
aonlszaua 3 19

11311034
d‘ 4‘ o s
¥8U 9 dANYYD

a <
¥oIneneans Nelumbo nucifera
& ¢
¥93IIA Nelumbonaceae

(%3 d Ao Y ya S/ A o 4 Q‘ :’ !
ANHUTNININNHATAAS uamuimmmummmﬂwa GI.ULIJ'E]UQ@?]U%$E1E]EHJNU'I a7

¥ 9
Y o ©

v "
Tourvz Tnaiuh Muluuasfiuseniinuiy asniluasninurvuialvaggaruini fneen

@

a

P} =1 q’: a Y [ = P=s & Y A o
maﬂamsanman nauﬂaﬂwwuﬁmauuaz"lumau U YUW MIDNADI LUAUUATUANUT

=
VIUYI

d' = a P =3 =t
¥OOU 9 UMY IMABI VIUYTHON 1UTuaa
4 a d
YoIneneans Allamanda cathartica L.
- g
¥®IP Apocynaceae '
(¥ < Y 1 é g o ¥ [P=1 <) % =1 =
dnuazmangoymans iy liyunades drdunan Lifive Wude Teredna anw
o Y o =y a
qaneguseanm 2.0-4.5 was anvazvesluulunys Jarwluuvay vevluSey eonsen

& ' a Y ' & = ' @ Ao oA
Lﬂu%8ﬂ1nﬂawﬂ\1‘i}€)dﬂu %ﬂﬂudﬁﬂﬂﬂﬂgﬂizu1m 5-8 AN LUALITNYBUNUUIU ABNUTIas
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Y g aa = Y g oA
UAZTUN @Elﬂﬁ’mﬂfaﬂh 1-3 AN DUV ATINANADNIZNFIYADY mgﬂumum ATINAN

¥
o A = @ o = I~
ﬂamﬂumma NAUADNYULAYI UNAUADN S NAY

S une

15?)51—! 9 NITUDN NTTNDN LFSAA

2

r=}

a 4
¥OINNAAAT  Thevetia peruviana
2 ¢
¥OWA Apocynaceae
Y] d ' d &K [~ 1 =
anuazmangaumans  uvinaaninaiegs 12-20 e fulidu s ludivuia
d =" ::' @ a @ Y Y d:’ =Y 9/ T Y
@ALAYEI Banludadunrmnumuteay  Ihendvnduegluduazly vualuen

1%
a <] 1 ] t [ [ P=
‘l_|5$1ﬂm 6 U3 ﬂ@ﬂﬁ)ﬂﬂlﬂu“}fﬂ “]fﬂflﬂﬂﬂlli%lﬂm 5-8 AN UMITHAANUUIUATIAY 1-2 ADN U 5

= t P=% = & ‘g Y < o =y
AU RSN VULIYUNADUTDUNU Lﬂug‘ﬂima %H1ﬂﬂ@ﬂﬂ13ﬂ§$h1m 3-4 [ URALUAT

wiaungalng

A A o Y Y
¥OOU 9 VINB WUWBLAY YINYBY amla Wﬂﬁull”?;l UIUNYUIATE

a d
ININANAAT Caesalpinia pulcherrima

D

& ¢ o
¥OWA Caesalpiniaceae

o ¢ 9. £% o = § o
ﬁﬂ‘Hﬂ!:ﬁﬂNWt]ﬂ_‘Hﬂ1ﬁﬂ§ "lnﬁuﬂuqqmzmm 50 1';1@1 Nﬂﬂal‘U Lﬂﬁaﬂé’fmsau Lﬁ@fjd@@‘u

= ]

ot & ad o ' '
fidmdoaeunnaedumima luihludszaouuuvvuunassdu Jludes 10-20 4 luvuia

< P

= ' o3 (] = a a [} at = IS a8
N qdglneu ﬂﬂﬂﬂi’)ﬂlﬂu%ﬂiﬁiyﬁﬂﬁ18ﬂﬂﬂ?®ﬂd"ﬁﬁﬂﬂ1lﬁﬁ’)i&ﬂ@ﬂ U5 Y UNaINITU

e uas du ndvdeziigadvilszeguunay

De
=

. «
L= ar s

b 4
pau q otuthe dgyFuthu ivoedy

L9

4 a d .

¥oINenmaas Clitoria ternatea Linn.

A ¢ .

¥DIIA Papilionaceae

s é o o Sldy v o £ o ' =

dnuaemangaumans  Huiug ldesdugnuuniadn Feliduasounazian Ty

Y [ [~ ] [] =

Usznoveenaduuuuvuun 3UlV daeuy eeneenidlure seaviszuim 2-3 aen asnil

@ v

o A A = A g FY a
ANHUTAAYADNH I ADN 2 NAV ﬂamuamumwi)zmnﬂszmm 3.5 1 UALLNT (9)



Carthamus tinctorius Michelia champaca

Michelia alba DC. Hibicus rosa-sinensis Linn.

] ¥
U#i 6. amuaasaen livis 22 ¥ila

Rosa damascerna Chrysanthemum indicum Linn.

18



Catharanthus rose

Caesulpinia pulcherrima Clitoria ternatea Linn.

' b4
31U 6 amuaasaen i 22 ¥iia (Ao)

19
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-
UNN 3

LY J acg =
Faqginsal sazismsanmn

Faqansainllumaidy

Analytical balance (Mettler AE 160)

Rotary evaporator A (Buchi Rotavapor R-114)
Evaporator (Memmert)

Shaker (Ratek)

Hot air oven (Contherm)

wiesuadyu ns(Inge)
Sprayer
TLC developing Tank (General glassblowing)

TLC aluminum sheets 20x20 cm. Silica gel 60 I, {Merck)

Thermoplate (Desaga)

UV spectrophotometer (Shimadzu UV-1601)

Microplate reader (Anthos Labtech Instrument,
Zenyth200)

Micropipette (Sealpette® Jéncons, Sarstedt )

Microtiter plate (Sero-Wel)

Ultrasonic (Fritsch)

Vortex mixer (Vortex genie-2)

iP5 aAITIAM99 (Pyrex", USA)

Lﬂ?@x‘i HPLC (Thermo separation product (TSP), U.S.A

Column C18 (@ 4.6 mm x 250 mm) packed with 5 [tm diameter particles.

Filter membrane 0.45 micron nylon (Filtrex, USA)



A1SnHNIY 11150

95% Ethanol

Hexane

Ethyl acetate AR.

Toluene AR.

Ethanol AR.

Methanol (HPLC grade)

Sulfuric acid
2,2-diphenyl-1-picryhydrazyl (DPPH)
Quercitin dihydrate

Galiic acid
Catechin, Ellagic acid, Rutin 18z Quercitin

Acetic acid
2,2-diphenyl-1-picryhydrazy! (DPPH)
3-tert-Butyl-4-hydroxyanisole (BHA)
| -ascorbic acid (Vitamin C)

Trolox (C,;H,,0,)

21

(99AN5G31 NINTATINEANTTR)
(J.T Baker)

(Lab-scan analytical science)
(J.T Baker)

(Merck)

(Merck)

(Lab-scan analytical science)
(Sigma)

(Fluka)
Sigma (MO, USA).
Fluka (Steinheim, Germany)

Merck (Darmstadt, Germany).
(Sigma)
(Sigma)
(Univar)

(Aldrich)

2 2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) (Fluka)

Potassium persulfate (K,0,S,)
Trolox (C;H,,0,)
Sodium carbonate

Folin-Ciocalteau reagent

{(Merck)
(Aldrich)
(Univar)

(Carlo Erba)

S s\
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ac <
ITMIANH]
a =2 [~ 3 [ as dy
mimmumsﬁﬂymux‘uﬂu S YUADUYIDN AU
1 MSIATINESAAAUAZATTN TLC fingerprint
o
Y =Y ar =Y a
2 ﬂ1§1’lﬂﬁﬂﬁﬂ1’l‘ﬁﬂ1u61§3;l,a6ﬁ5$ua$ﬂ"liﬁi'ﬁl’Jﬂl%’\iﬂiiﬂﬂl
3 M1IMIUTI Total phenolic compounds
@ aga L4 $ o aa
4 MITNAUNTAUATIEH HPLC memim‘m’daumms%’auuuazmmgﬂéfawanﬁ

= asa 4 “ w v
5 H1ﬂ5u1mﬁ151ﬂﬂ')ﬁ?&ﬂ§1$ﬁ HPLC WWG’M‘HW%@

1. MIAIBUMSANAKATNISI TLC fingerprint

1.1 MS@IgNaIIana

v [ b4
LLL shanuazernaenline 22 aiauazie 13 1%uds 9imivenludeu (Hot air oven)

[
=4 a

QNN 50-60 C
) Y ' a v A = -
1.1.2 uanen lilsuuiauaazsinaleas oaua 19 uHIazBya
o'/ s/d' Y =Y %
1.1.3 Haon ldnuaudvinazalszuin 100 N3y
I.1.4 MNAY ethanol TudaI 1 IuKIaon 1-cthanol (M10U 1:20 A163F Maceration 198
@ :I’ o s o o [ :/l @ :’ Pt @
ninaswsndlunal 7 T insnseudumsadald ndunilng19n 3 U udinses
<] o o @ o 2:
wumsanan lasuduasadalunsansn

LLS hensanan lduseme ethanol 900 laalda3o9 Rotary evaporator 19 18e1s

Ay

3
afareUUY Lazifunmiming 1a

1.2 M3 TLC finger print

1N1IK condition UBY solvent system (mobile phase) ﬁmmzanﬁmaﬁlﬁudawﬁﬂ
lauld silica gel 60 F,,, for Thin layer chromatography (W stationary phase

1.2.199m13 spot msanasinaenliumaziaiazarely ethanol Tasfianusudu 10

mg/ml #e pipette tip AIUULHY Silica gel 60 F,, for Thin layer chromatography

1.2.2 1111 run (develop) 11 TLC tank AB1AIA Y solvent system AMUIZEAN 2 5EUVAD

Toluene:Ethyl acetate (8:2) 10¢ Hexane:Ethyl acetate (8:3) (10)

- g . ' 2
1.2.3 1319 solvent iwAouMIIUILEzNE 8 cm 11 plate JJAa 13T mimTumsveaeu
finger print YOIATANARILIATDI UV detector NANVUIINAY 254 LAY 366 nm
1.2.4 A529¢0U finger print YOI ANAUAAZYHAAIY spray reagent A0 10% H,SO, uag

0.5% DPPH in ethanol itaziiufinwan 1a
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2. MINATDUGNTAIMBUNAB A IZIATMINID IS
o Q(sl =Y Y P=V=} 9/ 1
mnsnageugnsaoyyadass lavldi5naden 2 35 Tdun
fi. DPPH radical scavenging assay

9. ABTS cation radical scavenging assay

. DPPH radical scavenging assay (4)
1. mswSeuaisazawildnaao
1.1 MSNSeuTIINagel (test sample)
- 9363 stock solution YOI IINATDUUAALFTANANUTUTY 5 me/ml US1ART 50
ml Toedaasafianenn 250 mg 1 volumetric flask 50 ml 5111153175879 ethanol
- 198914 stock solution VeImINATOULABzaa 1Y 1@ s naeuRTinsu 1,
0.5, 0.25,0.125 1as 0.0625 mg/ml
1.2 MIAIEUAITAZA0 ethanolic DPPH radical A713444Y 0.2 mg/ml
- %’amsmmgm DPPH 20 mg 14 volumetric flask 100 ml ANV T T
ﬁ]’JEJ ethanol
2. ﬂ1smaauqm§s§{1uaqyaﬁﬁsz&aﬂ?}% DPPH radical scavenging assay
2.1 ;aumsazmaﬁ“l%’maauaﬂqumm microtiter 96-well plate 19 1A15 1105
saugaveiiu 200 pl (71 tiplicate) Tnowisgamsnaaewilu 3 4a (39 A, B uay
C) Sait
94l A (test sample) AIMTUT LAY 3 W
test sample 100 pl
ethanolic DPPH radical 100 ul
A B (blank of test sample) mwm%u%’uaz 3 vqu
test sample 100 ul
ethanol 100 pl
%@ C (control) plate A% 3 ©Qu
ethanol 100 pl
ethanolic DPPH radical 100 ul
wan 19y uay incubate amungd 25 °C 1Wuna 30 wd vimfuSamims
ﬂﬂﬂﬁuuﬁdﬁ 520 nm Tm“l%’m?aa microplate reader

1 % Inhibitionttais IC, fenlSouneuny standard (BHA, trolox 1A% vitamin C)
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)x 100

sample

% Inhibition = (Acomrol_ A

control

' 9 o . . ' O o Yy v
a1 IC,, "lﬂmﬂmsm calibration curve 7¢I % Inhibition AVYAININIUUY

9. ABTS cation radical scavenging assay (11)
= 5 D]
1. mswseumsazaton ldnaaey
1.1 MISATINFITNATOU (test sample)
- W38N stock solution YBIAIINATDVUAALFUANANMAIUTY S mg/m! YTumT 50
ml TaeFaasadane1y 250 mg 11 volumetric flask 50 ml wazdsudTuinsaae
ethanol
A . ' a q yqy et Yy oy
- 139919 stock solution YeIENINATBVUARZ TR Y [dasnadouRiinNnududy 1,
0.5,0.25, 0.125 118% 0.0625 mg/ml
1.2 MswIsuaIsazals ABTS' (31 free radical)
v ¥
- FAA131NATTIY ABTS 38.4 mg 1 volumetric flask 10 ml 31n1iul5ulSuinsaae
b v
whndu v ldensazats ABTS anududy 7 mm
v £ 4
- 44 potassium persulfate (K,S,0,) 3,784.2 mg 14 volumetric flask 100 ml 91Uy
14 v
Usinasdrotihinau v ldasazany potassium persulfate AUTUTU 140 mM
14
- pipet 9130r018 ABTS ANUTLTY 7 mM 151085 5 ml a9lu beaker 311U pipet
A15AA1Y potassium persulfate ANMANTY 140 mM U51as 88y wanldidhiu
o & dAa g =
udadane Blundiadumar 16 $2lua
439919815020V AUAY  ethanol JUOAIIAIUAITAZA W ethanol (MIAY  1:88
o o o 1 - o Vet A ' '
nmiuth liasinmsganduuael 734 om THdmimsganauuasegluiie
0.70£0.02
¢ £
2. msﬂﬂﬁauqmﬁé’fmaqgaaaizﬁ’wﬁ ABTS cation radical scavenging assay

¥
v [ o a
2.1 wisgamsnaaouiiy 3 4a (¥a A, B uaz C) Al

%@ A (test sample) Auuduas 3 nqu
test sample 50 pl
@138va1g ABTS 1000 pl
%@ B (blank of test sample) AT UDE 3 Qs

test sample 50 pl
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ethanol 1000 ul
%A C (control) plate A% 3 gy

ethanol 50 pl

Msaza1y ABTS 1000 pl
2.2 wanens lundazya 189 1 Tao1d vortex mixer iuaan 30 Judl
2.3 pipet miazmﬂuu@ia:ﬂgﬂ (A, B uaz C) a1y microtiter 96-well plate Yqu
a2 200 pl (M1 triplicate) %ﬂﬁmﬁ@ﬂﬂﬁuuﬁﬁﬁ 734 nm ﬁ)ﬂlﬂ?ﬂﬂ microplate reader
2.4 111 % Inhibition 1A% IC,, vesmsanavInaen 13 ienlS ooy standard
(trolox)

% Inhibition = (A ) x 100

-A
control samplc

contro!

v Vlif . . ' iy . s Y Y
A1 IC,, ¥ 1av1nNnN1g calibration curve 3¢¥ 214 % Inhibition AUAINMVUYU

3. nsmifsuna Total phenolic compounds (3)
151 Total phenolic compounds 1a#3T Folin-Ciocalteau assay
1. maessumsazawildnagoy
1.1 MIATINTITNATBY (test sample)
- wiesnagevesmiy 2 Agy
agud 1 Uszneudlsmsafaainaonndlelivaeg 1ineds Wumaes uavn  uA
uae feles $1th 311 w1 Feswne vuys vulidlse uwawieu1y uwawasia
SUneias Oy T
@301 stock solution VesAIINATBLUAAZFIATAIITLTY | mgml YSuas
50 ml TaeFaansananony 50 mg 11 volumetric flask 50 ml USu1/31105870 ethanol
nadufi 2 1szneudlemsdianninneAnMaILNeY WHLAT A1INTZIE 117 WHTUY
uazv1adngs Ine
@30 stock solution vedaITNATOUMAaFafa Tt 025 meg/ml
151105 50 ml Iﬂﬂ%&ﬁﬁﬁﬁ‘ﬂﬁmu 12.5 mg 14 volumetric flask 50 ml Ysu5uas
49 ethanol
1.2 MSN0UAITazawuIAIIIY Gallic acid
- ‘f?ﬁﬁﬁiﬂﬂigﬂ! Gallic acid 6.8 mg 11 volumetric flask 100 ml mm‘fuﬂ%”uﬂ?mm

. . ., S= y ¥
490 ethanol 3214 stock solution dA1Ia2a10UIMII Y Gallic acid NUANUVNVU

0.068 mg/ml
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& R Y ) ¥ o vy
- 199310 stock solution @738 ethanol 1?7Vl@fﬂiﬁfbaWUiJleiWqulﬂ'J'liJL‘UlﬁJu
0.034, 0.017, 0.0085, 0.00425, 0.002125 1ag 0.0015625 mg/ml
1.3 AISA308A15a2a18 sodium carbonate (Na,CO,) ANUTY 350 mg/ml
v b4 ¥
- %9 sodium carbonate 17.5 g 14 volumetric flask 50 ml 910U UYTINaA0 1
naY
2. mMsnaaeunIUsuin Total phenolic compounds
[ =1 a = o w [V dy
nuggemsnaaeuiu 3 4a (3 A, B uay C) lasiina1sBosnuday il
70 A (test sample) ANMANIUAT 3 MU
test sample 1 ml v
v v a’ v oa kY =1
o paulFidiuudanald 3 un
Folin-Ciocalteau reagent 1 ml
sodium carbonate 1 ml
v 0
11Indu 7 mi
%@ B (blank of test sample) ANUANTUAZ 3 NQY
test sample 1 ml
b .
HIndu 9 ml
9@ C (control) plate A% 3 HQu
ethanol | ml oo e BN .. -
N@N‘Lﬁﬁl’]ﬂuu@'}'ﬂ\?‘l’) 3 U
Folin-Ciocalteau reagent 1 ml
sodium carbonate 1 ml
b4 0
nay 7 ml
. 0 @ =1 = =
- wawansaransuaazyalmidniundy Ao B luddaduna o0 uid
- pipet @sazarwluuAazya (A, Buazy C) a3l microtiter 96-well plate Mauay
200 pl (M1 triplicate) JAANISAANTLUAIN 725 nm AIBATBI microplate reader
3. mMsAuIMn 15U Total phenolic compounds
o ' ' . A o ¥y oy A 9y o . .
- ©@371 standard curve 35w'mﬂmﬁ@ﬂﬂauumﬂumwwmuma%sﬂu Gallic acid
equivalent (GAE)
- (MuYIA1 Total phenolic compounds  YBIAMNIANAUAAZFIAIN  Calibration

. 4 : v
curve Tamiamsganauuan 1 lunua luaumaiduas

4 MINAENITUATIZH HPLC 18z 15a5900UA Mo MIazn NgNABIveIn
ada P @ 4 4 o o @ o 9 1 . . .
ATz NIT WAV N N5 Henas§1AY 5 @3 1aun gallic acid, catechin,

. 3| Y] S
ellagic acid, rutin Q% quercetin sryvIsiunyy Reverse-phase HPLC Tae ¥ column Fila
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° a aca '3 @ et 1 3 s
CI8 HATMIMINAUIITUATITH 1Asn15any1i]aea 199 NHAADMTLENUBIATTNT 5 @)
(K < < 1 .
1aun arnnuilunsaiiua1aued mobile phase, ANUINYUVDA buffer 1A organic solvent
o3
114 mobile phase Hudu
4 4 yaad 2 o v wy v A 4
gioldITnausousnansne 5 yhaeenvInnu lALAIzRIMIAsedoUAIIT oI U
b
Lmzmmgﬂﬁ'awaﬁﬁ (method validation) Tagaziinisnaanani parameters ﬁ’mavlﬂu
®  Precision (AT ULIUGT)
® Accuracy (mwgﬂﬁ’f@a)
® Linearity (AUM51EUATY)
. . . ' k% k% c(‘ 4 d. dlqddi‘ .
® Limit of Detection (AnANidndunlasnannIginsasauls)
®  Selectivity (ANUINWILVDITT)
aca Z 4 Y
5 mfSnaeslagdsianzinaanla
o o Sld' Y o =y I'd a . R . R .
hasanaaen 1 lAuiins mszimsuaans gallic acid, catechin, ellagic acid,
rutin QY quercetin tNYVAY calibration curve ﬂJﬁQﬁﬁiJW‘iiWULLGiazﬁi
5.1 ﬂmﬂ?ﬂumsazawmmgm (Standard preparation)
AININITIU gallic acid (GA), catechin (CA), rutin (RU), ellagic acid (EA) I4@¥ quercetin
° [~ P '
QU) gmiwuaSeudluasazawuasgazaiwly methanol (HPLC grade) NANusdudua1n
8/
At
. . v g i . . .
Gallic acid AL 0.420 mg ml l, catechin = 0.434 mg ml I, rutin = 0.400 mg ml I,
ellagic acid = 0.402 mg ml ' 1182 quercetin = 0.402 mg ml .
5.2 MSNENTITAzA8A 10819700 131 (Flower sample preparation)
. v [ ¥
Y N a ° b4 k4 o Y =t = lo) Y
-aon Ifaauanz ¥ilagniuA AT 01A HAZBUIHINGMUN RN 60 ~C 9N
o <! f
W lduatlunsazivea
Fawazdoavesnen luAas il $119U 2 g UAUAY 95% ethanol S0 ml MIMIAAA
Y A oA = a 0 = a0 v o a o
ANIAILATO ultrasonic NAWD 80 KHz gainfil 45° C 1iluinat 30 i Mamsadagion 1 a5
Y o Y s o Y oW (o q¥ Y ¥ v
wanhasanana 2 asesuiy nsewdnir luvial9utede rotary evaporator muladaniizan
ANUAU Nigmungll 50° C
o o ° . ‘ =) < b3
“ansanaveuuen ldiuazaislu mobile phase 100 ml LaznauRAAITANAR

11589 HPLC (autosampler) —é]"e)dﬂi?)dﬁ’)tl 0.45 Am membrane filter (Millipore)



28

o
Unn4

HaN15I 8

1. MSAENEITANAKAasMIsi TLC fingerprint
Qs o a [ 9 st .
1INMTANATITINADN 1T 22 FUAAIY ethanol TUdATIAIU 1:20 43875 Maceration
v o o o 24 o o o o &
Tasmiinaswsniunat 7 34 tazasenaesuiunal 3 4 1@ 5T aiAnINNIT NN aees
S 9 oy o & o Ay Y Yy ¥ o @ ) '
asutaleiu v sadan 1@unszive ethanol 9o lv ldilumsadane e wun

18 % yield f9@1519% 1

M9190 1 UaAe % yield voamsadaneui lannaen ldusazyiia

Fo'lng Foinmmans % yield
aonndln ldvneg Dendrobium Sonia. 23.88
faoNNYAIULDY Rosa damascerna 24.23
ABAANEIY Chrysanthemum indicum Linn. 37.13
ﬂem%um Ixora Lobbii Loud. 24.70
ﬂam%umﬁm Ascocentrum Minatum 31.59
ADNLLAYT Sesbania grandiflora Desv. 38.41
ABDNLLALLAY Sesbania grandiflora Desv. 29.20
aona sy Carthamus tinctorius Linn 20.11
aon11 Michelia champaca Linn. 19.85
ANl Michelia alba DC. 984
ABNYLUN Hibicus rosa-sinensis Linn. 26.63
ADNTDIN Thunbergia repens Linn. 26.25
ﬂﬂﬂﬂﬁ’)ﬂizﬂw Cosmos spp. 31.80
ABNIINAN Nelumbo nucifera 14.85
ﬂ@ﬂ‘UTu‘i_ﬁ Allamanda cathartica L. 43.03
ﬂﬂﬂv1u‘1ﬂii’iﬂ Limonium sinuafum 6.92
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= . [ o v Y . = '
A15197 1 UaAAL % yield vosmsananiui ldnnaen lduaazsia (@)

Fo'lne soinmmans % yield
ABANIIITUY Antigonon leptopus Hook. & Amn 42.50
ADALUNWINIBUT Catharanthus roseus 41.42
ADALWININ Catharanthus roseus 43.89
ADNT UNY Thevetia peruviana 43.43
ﬂaﬂ‘HNuﬂgﬂ‘ﬂU Caesalpinia pulcherrima 23.81
ﬂ?)ﬂé’ﬂg‘ﬁ’u Clitoria ternatea Linn 24.95

aon il % yield YoIEIANAMOIVINANGA 5 BUALLTN IALN ABNUNINILUIN
$UME DIUYS WITUY LAZHHRINIE1 URIAY dIuaen 1IN % yield Yosmisanany1

4 Py A "y
vosgane aanuiulig lse
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MsAnEIanYaE TLC finger print

A15A529 AT 1 MATi 10835 Thin-layer chromatography (TLC) iHumsasinasylu
(ipady iiloRdnyMLAIIAA band @14 ) vosmsafannaenlifine 22 vila lavlddniden
solvent system (mobile phase) ﬁmm:a 1 2 system lAun

1. Toluene:Ethyl acetate (8:2)

2. Hexane:Ethyl acetate (8:3)

NRIINMNG develop MisanauAazstaUULAY TLC uda ldimsfnyimdnyae
A3AA band Lazmsdfaiioongnd 1aold spray reagent 2 wiade 10% H,SO, 1Az 0.5%
DPPH in ethanol A11A1AY

o [} [ 1 =) ' < % dy
mtmuwmmsaﬂﬂmmm"lﬂzmamu@uuumu TLC SUSTEREY

Plate A Plate B
o oA A Y 3y o 1o & v
Auviadi 1 Ao aonndao livae AU 12 fiD ABNFBIUNY
AL 2 AD ABNNHATLINOTY AT 13 fiD ABNATIINTEY
° VA A o o " oA P @
AUMUN 3 AD ABALNNEIY AN 14 AB ABNTINAN
° = S o ° ! & =
AUNUIN 4 A0 ADAVLLA AN 15 A0 ABNUIUYS
° v oA A o - ° "o A vy
AMUNN 5 AD ABAIYNIHABY fumiieh 16 Ao aenuiuluglsy
AUMUIN 6 AD ADALAYIY AU 17 AD ADNWIIBUY
MUNUIN 7 AD ADAUALAY AWMU 18 AID ADAUWANIGYTY
° ¢ d‘ A o o ‘ d' = [}
LN 8 Ao aond oy AN 19 7D ADNUNIN LU
o = S o ° v o4 & o
Aumnuan 9 fe asniih Aun1IN 20 B ABNTUNY
° o A o at ° v -
AN 10 A ABNTIY) fumiad 21 Aie Aenvaungslng
o oA A o ¢ A I s o
AU 11 A ADABU AU 22 Ao ABNSRYTU

AUIMUY S A0 Standard (quercetin) AMNULS AD Standard (quercetin)



JUM 7 TLC plate uaad finger print v89aon 17 22 ¥ila

Solvent system
Adsorbent

Detector

Toluene:Ethyl acetate (8:2)
Silica gel 60 .,
10% H,SO, in ethanol

3U7 8 TLC plate ua@A finger print ¥83a0n 13 22 ¥iin

Solvent system
Adsorbent

Detector

.

Toluene:Ethyl acetate (8:2)
Silica gel 60 F,.,
0.5% DPPH in ethanol



51l 9 TLC plate ua@s finger print vosaen ¥ 22 ¥ila
Solvent system He::(ar_le:.ﬁihyl_acetate (8:3)
Adsorbent - Si}icagxeluﬂi Pa
Detector . * _:+10% ﬁ,so;inethanol

.

R
2

.

511 10 TLC plate ua@s finger print yosaon 'l 22 ¥ila
Solvent system : Hexane:Ethyl acetate (8:3)
Adsorbent : Silica gel 60 F,,

Detector : 0.5% DPPH in ethanol



(8]
(OS]

angUit 7 s afananen it 22 sila i R, value =043 1# band iy
Fowazmsadanneenlfuiad 5, 15, 18, 19 uaz 20 (AENWIMABY 1UYT UWAWIBYT)
Uanotauaz$une) 19 band A129%aile R, value = 0.40

ninglii 8 wuhasadannaenliin 22 silaannsodweyyasaszld fosnn
RanaUEU IR UMsazaw 0.5% DPPH in ethanol ddmwuluuSnaiivinms spot ms lavd
nsasannaenlduiad 8, 9 uaz 10 (Rendirles $1nwazsithyalduauFuaiia R, value =
045 uazasafianinaen lfaidai 11 (enyu) Wunufudedia R, value = 033 idamy
nhmsasannaen ldeiaduludumisdedu |

ningilfi o s afavinaen e 22 ¥iial¥ band SiuTud@naFaia R, value -
0.53 uazarsadannaen ldaiiad 5, 15, 18, 19 18z 20 (AoNIEUMADS LIYE HNINIBYT)
(anaoiaazs uwe) 19 band J1i29F A R, value = 0.40

nng1iit 10 wuhmsasanaenliie 22 siacunsodmeyyadasz1a ifessn
FAUOUAY1IAUETaza10 0.5% DPPH in cthanol ladawy luuSadisiims spot o1 Taofi
asadannaenldiiadl 11 (onvun) IunuAugsia R, vale = 021 msadann
aonlfwiiafi 14 (@eatanad) Iunudviadalian R, value - 0.15 uagansadasinaonlsl
yilaf 21 (aeamaungalng) MWuaudunaiia R, value — 0.10 AFanunhaIsadann

Y a & a Lt os
ﬂaﬂ"lu«vu%uiumtmuamamu



2. MInaaeugNEMuaUNasaszrazmMInTI I finm

. DPPH radical scavenging assay

34

= a kY a R . [~ @
m'iﬂﬂaauqmé’huaqgaaaszmaﬁ DPPH radical scavenging assay wWumsas1via

wva f~{ Y] a a a @ ' A P ~
auauianmsiuensdeyyadasyulina Tasiamimsganauias (1 520 nm) haaas

o a o % i S yyqg Aa d
Y89a15azate DPPH Hadnn@ua1sanaanaen sy tuag incubate M4 13 luniatiuial 30

U LUAAIHAAIATT 1N 2

M15190 2 UEAAIAINITAANAULUA (Absorbance), % Inhibition 118 IC,, ¥9eesanaIInaon 11

22 %ﬁmm:msmmgm (BHA, trolox tta¢ vitamin C) #2835 DPPH radical scavenging assay

Sample AU Absorbance % Inhibition 1C,,
(mg/ml) A =520 nm (mg/ml)

BHA 250x10° 0.2260 79.70 0.12
125 x10° 0.5345 52.00
62.50 x10° 0.8140 26.90
31.25 x10° 0.9645 13.38
15.63 x10° 1.0285 7.63

trolox 26 x10° 0.1555 83.67 0.01
13x10° 0.3975 58.27
6.5x10° 0.5920 37.85
3.25x10° 0.7160 24.83
1.63 x10° 0.7640 19.79

vitamin C 12.50 x10” 0.0520 95.33 0.0068

6.25x10° 0.6095 45.26
3.13x10° 0.8740 24.24
1.56 x10~ 1.0150 8.85
0.78 x10” 1.0770 3.28
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A13190 2 HARIAIMIAANDUNEI (Absorbance), % Inhibition 1z IC,, ¥psasanasnNaon 1s

22 ﬂfﬁmmmﬁmmgm (BHA, trolox 8% vitamin C) #2075 DPPH radical scavenging assay

GB)
Sample ANMUUDIL Absorbance % Inhibition IC,,
(mg/ml) A =520 nm (mg/ml)
aonndae e 1 0.5700 35.37 >
0.5 0.7650 13.27
0.25 0.8410 4.65
0.125 0.8990 -1.93
0.0625 0.9030 -2.38
ABANNATLLDY 1 0.0505 95.46 0.10
0.5 ©0.0525 95.28
0.25 0.0810 92.72
0.125 0.3775 66.08
0.0625 0.8120 27.04
ABALANEIY 1 0.2195 8028 0.56
0.5 0.5715 48.65
0.25 0.8755 21.34
0.125 1.0785 3.10
0.0625 1.1410 -2.52
ADNLA I 0.0645 94.20 0.31
0.5 0.2825 74.62
0.25 0.5750 48.34
0.125 0.9220 17.16
0.0625 1.0020 9.97
ABnIMABY 1 0.3240 74.32 0.62
0.5 0.7030 44.27
0.25 0.9385 25.60
0.125 1.0700 15.18
0.0625 11115 11.89




Gﬂ'i”l\‘l‘ﬁ 2 memmsgﬂﬂﬁuum (Absorbance), % Inhibition 18 IC,, %@dﬁ?iﬁﬁ/ﬂmﬂﬂaﬂqﬁ

22 ‘vﬁﬂuazmimmgm (BHA, trolox 48 vitamin C) #2935 DPPH radical scavenging assay

GR))
Sample ANMUUTY | Absorbance % Inhibition IC,,
(mg/mi) A =520 nm (mg/ml)
ABNLAYTY 1 1.0165 14.67 > |
0.5 1.2475 111
0.25 1.2600 0.12
0.125 1.3580 -7.65
0.0625 15165 -20.21
ADNLLAILLA 1 0.8310 34.13 > i
0.5 0.9735 29 34
0.25 1.0375 17.76
0.125 1.2370 1.94
0.0625 1.3845 -9.75
aanfdoy 1 0.8845 21.52 > |
0.5 1.0505 6.79
0.25 1.1270 0
0.125 1.1690 -3.73
0.0625 1.1935 -5.90
aanith 1 0.0880 92.19 0.23
0.5 0.2685 76.18
0.25 0.7195 36.16
0.125 0.9745 13.53
0.0625 1.1420 -1.33
AN 1 0.1130 89.97 0.47
0.5 0.5400 52.09
0.25 0.9580 15.00
0.125 1.0975 2.62
0.0625 1.1430 -1.42




MT190 2 HAAIAINTAANAUILAY (Absorbance), % Inhibition tag IC,, ¥eemsanasinann il

22 %ﬁmmﬁzmimmgm (BHA, trolox 48 vitamin C) #1937 DPPH radical scavenging assay

(#9)
Sample ANVIUY Absorbance % Inhibition IC,,
(mg/ml) A =520 um (mg/ml)
ADNYLN i 0.3335 75.53 0.67
0.5 0.8490 37.71
0.25 1.1115 18.45
0.125 1.2675 7.00
0.0625 1.3230 2.93
ABATOIN 1 0.8900 34,70 > |
0.5 1.1365 16.62
0.25 1.2570 7.78
0.125 1.3720 -0.66
0.0625 1.3975 -2.53
ABNAINTLI - I 0.1015 92.55 0.28
0.5 0.3740 72.56
0.25 0.8445 38.04
0.125 1.1350 16.73
0.0625 1.2730 6.60
AN INA | 0.0780 94.08 0.30
0.5 0.3410 74.10
0.25 0.8105 38.44
0.125 1.0640 19.18
0.0625 1.2375 6.00
ABAVIUYS 1 0.8835 32.89 > |
0.5 1.1275 14.36
0.25 1.2320 6.42
0.125 1.3080 0.65
0.0625 1.3485 243
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A13197 2 UAAIAINITAANAUILEA (Absorbance), % Inhibition 11ag IC,, Vesa1safiavinaen 1y

22 ‘vﬁﬂuazmimmjm (BHA, trolox #@1¢ vitamin C) #1835 DPPH radical scavenging assay

(#8)
Sample ANMTUTY Absorbance % Inhibition IC,,
(mg/ml) A =520 nm (mg/ml)
Aoy 11§ 1se o 0.9210 30.04 > |
0.5 1.1240 14.62
0.25 1.1995 8.89
0.125 1.2970 1.48
0.0625 1.3150 0.11
ADANWINTUN 1 0.0640 95.34 0.15
0.5 0.1135 91.74
0.25 0.4120 70.02
0.125 0.7380 46.30
0.0625 1.0100 26.52
ABALINIANIBYT) 1 1.0110 26.45 > |
0.5 1.1860 13.71
0.25 1.2750 7.24
0.125 1.3265 3.49
0.0625 1.3360 2.80
ABNLHINIB N 1 1.1025 19.79 >
0.5 1.2055 12.30
0.25 1.2230 11.02
0.125 1.3240 3.67
0.0625 1.3725 0.15
ADNST UNY 1 1.2120 9.62 >
0.5 1.3495 -0.63
0.25 1.3570 -1.19
0.125 1.3760 -2.61
0.0625 1.3930 -3.88




A15190 2 UAAIAINTTAANAULES (Absorbance), % Inhibition taz IC,, ¥osmsananaon 1if

22 fﬁﬁﬂuamﬁmmgm (BHA, trolox 4@¥ vitamin C) 42435 DPPH radical scavenging assay

(#9)
Sample ANUANTY Absorbance % Inhibition I1C,,
(mg/ml) A =520 nm ‘ (mg/mi)
apNMIIUNYL Ing 1 0.0515 96.16 0.09
0.5 0.0565 95.79
0.25 0.0865 93.55
0.125 0.5805 56.71
0.0625 1.0400 22.45
AeNdaydu 1 1.1860 11.56 >
0.5 1.2740 5.00
0.25 1.2890 3.88
0.125 1.3620 -1.57
0.0625 1.4465 & Ty

DRGURERE wuiwmsaﬁﬂmﬂﬂeﬂmauﬂga"lwaﬁqm%‘%mmgyja%aazﬁﬁqw (IC,, = 0.09
mg/ml) 583a0n laun @1safnINABnNHAITNeY (IC, = 0.10 mg/ml) WIIFHY (IC,, = 0.15
mg/mi) $1111 (IC,, = 0.23 mg/ml) A1IATENIE (IC,, = 0.28 mg/ml) 112123 (IC, = 0.30 mg/ml)
(@uAd (IC,, = 0.31 mg/ml) 1 (IC,, = 0.47 mg/ml) 1ANEIW (IC,, = 0.56 mg/ml) 1HMKADY
(IC,, = 0.62 mg/ml) HazwU (IC,, = 0.67 mg/ml) MW daumisadaninaen ifimdaiin
IC,,>1 mg/ml Tawiasadannasni uneiignivosiigailon/Soufionnnd1 % mhibition
Faiiawviniy 9.62 finnwidudu 1 mg/ml

as s nudiussenhulesimudnmsaueyyadase (% Inhibition) uazAiy

(9191 (Concentration) Tun1i10 mg/ml dmsuma1 IC,, uanedagiii 11
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% inhibition
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—* Trodox

—¥— Viarmen C

Concentration(mg/mi)

120

8

Yo inhibition

Concentration{mg/mil)

s 11 asvluaasaueansalumsdweyyadassvssmsadaainaenlyd 22 wilauaz

A1581MTF U (BHA, trolox Ha¥ vitamin C)1ay3% DPPH radical scavenging method
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. ABTS cation radical scavenging assay

msmﬁeuqm?ﬁ'maggaaasxﬁaﬁ% ABTS cation radical scavenging assay Whunas
asiaquauiansdumsfusyyadaszFalsua Tasiasimsganiuuas (#1734 nm) 7
anavBIAIsazay ABTS ndsnn@umsaianaaenld sazwi lidhdudunar 30 Jund

LAAINAAIATT19N 3

A13190 3 UAAIAINIYANAULA (Absorbance), % Inhibition LA IC,, YoIATAAAINABN 1]

22 %ﬁﬂ!Lﬁxﬂ‘liNWﬁﬁg?l& (trolox) @109% ABTS cation radical scavenging assay

Sample AN Absorbance % Inhibition IC,,
(mg/ml) A =734 om (mg/ml)
trolox 0.05 0.0955 78.20 0.03
0.025 0.2375 45.78
0.0125 0.3165 27.74
0.00625 0.3540 19.18
0.00313 0.3765 14.04
aenndae e 1 0.2785 35.68 > |
0.5 0.3390 21.71
0.25 0.3670 15.24
0.125 0.3865 10.74
0.0625 0.3945 8.89
ABNNYAIUNDTY 1 0.0940 78.99 0.56
0.5 0.2250 49.72
0.25 0.3225 27.93
0.125 0.3645 18.55
0.0625 0.3855 13.85
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P 1 . @ .Y
MITNNN 3 mmmms@ﬂﬂﬁuum (Absorbance), % Inhibition 1o 1C,, ﬂlﬂ@ﬁ’ﬁf’(ﬂﬂ%iﬂﬂ@ﬂqy

22 Gnﬁﬂuazmsmmgm (trolox) @895 ABTS cation radical scavenging assay (Gi@)

Sample ANAUAVUTY Absorbance % Inhibition IC,,
(mg/ml) A=734nm (mg/ml)
ABALANEIY 1 0.2680 38.11 > |
0.5 0.3260 24.71
0.25 0.3710 14.32
0.125 0.3830 11.55
0.0625 0.3900 9.93
ADAILAG 1 0.1404 67.55 0.68
0.5 0.2575 40.53
0.25 0.3110 28.18
0.125 0.3675 15.13
0.0625 0.3890 10.16
ABNIULNADY 1 0.2615 38.69 > 1
0.5 0.3155 26.03
0.25 0.3600 15.59
0.125 0.3685 13.60
0.0625 0.3805 10.79
ADNLAYTY 1 0.3635 14.77 >
0.5 0.3805 10.79
0.25 0.3900 8.56
0.125 0.3985 6.57
0.0625 0.3990 6.45
ADNLIALAY 1 0.3215 24.62 >1
0.5 0.3500 17.94
0.25 0.3745 12.19
0.125 0.3850 9.73
0.0625 0.3930 7.85




o 1 .. [ Y
A15190 3 LARIAIANIRANAUILAS (Absorbance), % Inhibition 1tz IC,, ¥OIAM1IAAATINABN 1]

22 ﬁvﬁﬂua:mimmgm (trolox) #1875 ABTS cation radical scavenging assay (A0)

Sample AN Absorbance % Inliibition IC,,
(mg/ml) A =734 nm (mg/ml)
aonA oy 1 0.2810 33.57 >1
0.5 0.3330 21.28
0.25 0.3585 15.25
0.125 0.3765 10.99
0.0625 0.3870 8.51
aona 1 0.1375 67.49 0.69
0.5 0.2510 40.66
0.25 0:3270 22.70
0.125 0.3590 15.13
0.0625 0.3790 10.40
aandil 1 0.2180 48.10 >
0.5 0.3060 27.14
0.25 0.3355 20.12
0.125 0.3735 11.07
0.0625 0.3830 8.81
ABATLN 1 0.2325 45.04 >
0.5 0.3055 27.78
0.25 0.3455 18.32
0.125 0.2730 11.82
0.0625 0.3845 9.10
ADATBIUI 1 0.2940 30.00 > |
0.5 0.3520 16.19
0.25 0.3685 12.26
0.125 0.3860 8.10
0.0625 0.3930 6.43
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A15190 3 LAAIAINITRANTULIEI (Absorbance), % Inhibition 1A IC,, YoaasananInaen i

22 ﬂfﬁmmzmsmmgm (trolox) #2675 ABTS cation radical scavenging assay (csia)

Sample ANITLTY Absorbance % Inhibition IC,,
(mg/ml) A =734 nm (mg/ml)
ADNAIINTEIY 1 0.1060 75.35 0.62
0.5 0.2455 4291
0.25 0.3180 26.05
0.125 0.3625 15.70
0.0625 0.3875 9.88
ABNYINAI 1 0.1385 68.38 0.59
0.5 0.2255 48.52
0.25 0.2795 36.19
0.125 0.3195 27.05
0.0625 0.3545 19.06
ABNUIUYS I 0.3050 29.07 >
0.5 0.3400 20.93
0.25 0.3740 13.02
0.125 0.3920 8.84
_ 0.0625 0.3995 7.09
aonuuhiilse 1 0.2855 33.60 >
0.5 0.3360 21.86
0.25 0.3635 15.47
0.125 0.3885 9.65
0.0625 0.4005 16.86
ADAWNYUY 1 0.0050 98.84 0.24
0.5 0.0840 80.58
0.25 0.2055 52.49
0.125 0.2845 - 34.22
0.0625 0.3410 21.16
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A15190 3 LAAIAINMIAANGLILES (Absorbance), % Inhibition 1A IC,, vosasaAanaaen 15

22 %ﬁmm:mimmg}m (trolox) @287% ABTS cation radical scavenging assay (Gi’t))

Sample AN Absorbance | % Inhibition IC,,
(mg/ml) A =734 nm (mg/ml)
ADNLUWINIYUT) 1 0.3375 21.97 >1 |
0.5 0.3585 17.11
0.25 0.3825 11.56
0.125 0.3925 9.25
0.0625 0.3965 8.32
ABNLUWIN YU 1 0.3505 18.96 > |
0.5 0.3725 13.87
0.25 0.3885 10.17
0.125 0.3955 8.55
0.0625 0.3995 7.63
AN UNEY 1 0.3395 20.86 >
0.5 0.3655 14.80
0.25 0.3750 12.59
0.125 0.3805 11.31
0.0625 0.3910 8.86
ADANIIUNY INY 1 0.0050 98.81 0.22
0.5 0.0315 92.50 /
0.25. 0.1700 59.52
0.125 10.2590 38.33
0.0625 03165 24.64
ADNDYTU 1 0.3045 29.09 > |
0.5 0.3520 17.95
0.25 0.3685 14.10
0.125 0.3840 10.49
0.0625 0.3920 8.62
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NI wuimﬁﬁﬁﬂﬂmmaﬂwNuﬂgq"lmjﬁqwﬁaéfmmggaﬁﬁizaﬁqﬂ (IC,, = 0.22
mg/ml) 599031 1AUA @15EARINABANIIBLY (IC;, = 0.24 mg/ml) AUAIVNDY (IC, = 0.56
mg/ml) 1IMa21 (IC,, = 0.59 mg/ml) A1INILIWY (IC,, = 0.62 mg/ml) 1WA (IC,, = 0.68
mg/ml) waz$1h (C,, = 0.69 mg/ml) AWTIAY dumsasannaen Wifimasian 1cy, >
mg/ml Tasimsadannasnuavignitesiiqaiion/Sedfiouaind1 % Inhibition il
Y 14.77 andudy 1 mg/ml

asluaasnnuduiutszniaeduansdiuenyadasz (% Inhibition) HATAW

CRILAY (Concentration) Tuvuae mg/ml A msurman IC,, uﬁﬂdﬁdgﬂﬁ 12
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3. msm3na Total phenolic compounds
SIS U Total phenolic compounds #1837 Folin-Ciocalteau assay M laon1sin
o 3/ Y @ . . . M .
A1597ANADA IHAITNY Folin-Ciocalteau reagent @Y sodium carbonate I1NUU incubate
Sa g = Y o A o <t = o . i
lundimtlunar 90 wn udariammsganauuadn 725 nm WiswsuAum Gallic acid

cquivalent (GAE) U@AIHAAIATIT19N 4

A13190 4 UAAIAINIIRANALLAY (Absorbance) a1 Gallic acid equivalent (GAE) 499e15

@ 9/ a 4 Y ad . .
anannaen il 22 FUANAMTUYY 1 mg/ml 1T Folin-Ciocalteau assay

Sample Absorbance Total phenolic
A =725 nm Gallic acid equivalent (GAE)

(mg/g)

aannaln 101N 0.5110 40.17
ABNNMANILDY >1 :

ABAIANG Y 0.4475 34.45
ADNIYLAY > 1 ,

AoNWNADa 0.3365 24.45

ADALAYTY 0.2360 15.40

ADALALAT 0.2620 17.74

aonf oy 0.2585" 17.43

aond1ih 0.5950 47.73

ABnNIi 0.4840 37.73

ABNY 0.5030 39.45

ABNTDIU 0.2490 16.57
ADNATINIZY > 1 .
ABNLIYAN > 1 -

ABNLIUYYS 0.3005 21.21

aanuu g lse 03745 27.87
ADANNBUY > 1 -
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A15199 4 uammms@ﬂﬂﬁuum (Absorbance) UazA1 Gallic acid equivalent (GAE) Y9385

ananaenlll 22 ¥tiala ULt 1 mg/ml 1a873% Folin-Ciocalteau assay (A0)

Sample Absorbance Total phenolic
)\, =725 nm Gallic acid equivalent (GAE)

- (mg/g)

ADNLUWANIYY 0.4225 32.20

ADNUNINITI 0.3320 24.05

ADNI UNY 0.2030 12.43
ABNNIIUNYT INY > 1 -

ADNOYTY 0.3335 24.18

A s 9/ a ] = = 2 o A
m@ﬁiﬂﬂﬁ’ﬁﬁﬂﬂiﬂﬂﬂﬂﬂ.llj‘lJNGIﬂJﬂﬂJﬂ']ﬂ’liﬂﬂﬂﬁuLLﬂQ‘Vlll"lﬂLﬂuVl‘l] WNINTLBDIN

msafaneuiaminisganauane l uaaiwanea1sien s

MIWN S LAAIAINITAANAUUA (Absorbance) UAZA1  Gallic acid equivalent (GAE) ¥03a13

anavinaen il 6 yiaNA UL 0.25 mg/m! 17T Folin-Ciocalteau assay

Sample Absorbance Total phenolic

7\‘ =725 nm Gallic acid equivalent (GAE)
(mg/g)
ABNNNAILNBY 0.3585 105.70
ABALYLLAY 0.2130 53.30
ABNATINTZY 0.2365 61.80
AN INAN 0.3935 106.10
ABNWINBUY 0.4755 147.90
aonnIungs Tny 0.2420 63.80
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INAT N WUNAITATAINADAWIBURTUTUIY Total phenolic compounds MINNA
[ o @ [~ o o
5990901 14un @5aiaINABNIINAI ANAIU HITUAGY ATINTZINY LAZITULAY ANAIAL

1 <o o s e R 9 $
daumsanavinasns unedlUIua Total phenolic compounds u@ﬂ‘ﬁf}ﬂ

v o 1 T
Standard curve UAAIANUTUNUDICH 31@ﬂ1ﬂ15@,ﬂﬂﬁuuﬁﬁ uasa 3111&%11%11!‘11@3

Gallic acid 19 1unsmUTuIa Total phenolic compounds voaasafiannaen’lsl 22 wiia

naeaazli 13

Absorbance-

0 0.01 002 003 004 005 006 007 008
Concentration (mg/ml)

gﬂﬁ 13 n51WIL@Ag Standard curve ¥94 Gallic acid

. X v -
v w 1 ' @ a s
NATINANUTUNUTIZHIAT GAE 1Y % Inhibition "UEJ\‘lﬁﬁﬁﬂﬂ"’U"lﬂﬂﬂﬂ"lﬂﬂﬂ 22

¥ila wunasanannaen lniil5um Total phenolic compounds WiNVilgNEAILOYYA

faszge uanaagln 14
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GAE-antioxidant

160
140
120
100 +

GAE(mg/g)

c853883

0 20 40 6 8 10 120
Y4nhibition(mg/ml)

~ v @ ¢ 1 1 @
?llh’l 14 AFINHEAIANUTUAUTTZH AT GAE Lo % Inhibition Y9IMTANA

Qs ada < 4 a
4. ﬂ1§‘wmu13§'ﬂﬂ§1$‘ﬁ HPLC !!@é‘.ﬁfﬂiﬂi]ﬂai’)‘ﬂﬂ'«l1“!1‘?83114!!@3?1'J]‘ilgﬂfaljaﬂsll@ﬂ]g
4.1 ﬂmﬂ?wmiazmﬂmmgm (Standard preparation)
1531837 gallic acid (GA), catechin (CA), rutin (RU), ellagic acid (EA) uay
3 ° = = i ~
quercetin (QU) gatmm3 onitlu e aza1011a33 1Az 11 methanol (HPLC grade) MR
Yy v ' @ dy
WUTUAT AN
. y ¥ 3 : . . .
Gallic acid HaNududy 0.420 mg ml l, catechin = 0.434 mg ml ', rutin = 0.400 mg ml l,
ellagic acid = 0.402 mg ml” (a2 quercetin = 0.402 mg m! .
4.2 mamSsumsazaenleainenla (Flower sample preparation)
Y ' a o y v o Yy & = o g .
-ﬂ@ﬂ]lﬂﬁﬂktﬁﬁg“ﬁuﬂg‘ﬂu‘lll"l'ﬁTQﬂ381!12’(3@19’1 HAZAUUVINGUN Y 60 "C NAUU
ihluadluniaziden
Sansazidoavesnon liumazaiia 149U 2 g WA UAY 95% ethanol 50 ml 1A
o y Py . . = P a [e] < = o o :’ a
ANATITAYAT B ultrasonic NAINUN 80 KHz Uy 457 C Lﬂunm 30 U MM anayIon

3/

;’f Y o [ ;’ s @ Y o ° L 4 b 4
1 A3 UATUITITANATIN 2 ATITINAY ﬂiﬂQLLa3u1vlﬂV111ﬁllﬁﬁﬂ'Jﬂ rotary evaporator ﬂ’lfﬂﬁ

.
r=1 o

annzaaAuau figamgil 50° C

]
=

o ° . . = @ v
-ﬁ'liﬁﬂﬂﬂﬂ’lﬂllﬁlﬂﬂ athnazatslu mobile phase 100 ml HASABUNATTITNALUT

1594 HPLC (autosampler) A0INT03A78 0.45 Lm membrane filter (Millipore)
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a 4
4.3 aANITMIIANZH HPLC
¥
MmsmsoumsazalenauvesaIsne 5 aalaetlidamisazarsuinsgiudate 4.1
' o 3 Y o v (e v A a a o
uldsaunuly volumetric flask 4&2%1915U5 151173828 methanol tinannarsWueanyis s
v v v v
14 (polar molecule) J95uAuTY mobile phase NaUszNOVYDY methanol-111 #50
Vv ] .
acetonitrile-tH NOATIAIUAI AU waziThiuuussu isocratic wu LiidasdIuRmnz au
A o v @ =t z L4 ' a = v . o Yy
M lMmsueniuvesiiaiia 5 auugel wuhmsaunsaasliaatieslu mobile phase¥i11¥iia
v v
a Y v L4 = o o =
GA, CA uaz QU Mamsuenivededuyyel snduiiaves RU uaz EA niniu1ddsunlasuy
o . °
Wuszuy gradient Tagil solvent A (water:acetic acid, 25:1) &2 solvent B (methanol) NIN13
. ) . v

WasuniladnsdIuves solvent A LAY solvent B HOMI@AILNAINTDUINAANA 5 DONTIN
o v d t < = <3
AUBLIANUFA WUTT NISIANY % Y8 solvent B 1111 50 % n1oTu 4 unfinazilu 80% aelu 10

< @ o s o d
WAL (flow rate) 1.0 mU/min A vaueninianua lanielu 15 uiii Az 15

100

Z 50 - 1
£

oy

[ [ 1 ] | T
0 4 8 12 16
Time (min)

v k4
g9 15 TnsmnTaunsuveamsusnmsWueadndia s @7; 1. GA (t, = 5.0 min), 2. CA (¢, = 6.8
min), 3. rutin (t; = 9.2 min), 4. EA (t; = 9.9 min), 5. QU (t, = 11.3 min) Taeldsz 1w gradient

1oz UV detection 1 280 nm

Y ada <
4.4 ﬂ]iﬂ‘S'J‘i]ﬁ'é]‘llﬂ31N!§ﬂuullﬁ5ﬂ31Ngﬂ€{03‘ui’)\3'3§3!ﬂ5]3ﬂ
aga Sy ¥ v o & o 14 . .
'Jﬁ')Lﬂi?Zﬁ‘V]”lﬂﬂTﬂ‘U'ﬂ 43 HINATWVADUANUFONUUALANUYNAD (validation)
b

Y Y . . ' Y Y Y Ao o Y L.
AWWNITVT TUNILTUATI (llnearlty) ﬂ1ﬂ’31ilﬁlll‘llu1’]uﬂﬂﬂq¢11fl]‘ﬁuﬁ5'Ji]’d'e]“l_l"lﬂ (limit of

' o aa .. U k4
detection) ) ANUUNUBIVDITT (precision) HATAINNUYNABY (accuracy)
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14

msmaumsiduas i lagiasasaenamuns 5 1nde 41 WUATOY
™ ' Y ¥ o Yy gy Yy a ¥ &
A ATAIIATTIURAVIIDV TUFNANUAVTUAHNNZAN 5 ANUTUTU UAMNAIVTIATOI
v
T =1 @ a @ J ]
HPLC udasanusuvuaa 3 a5e manudunus aunmisduasaseningg anuduyuedas
:/I o dy ot F= ~ ¢ kY ~ Yt @ @ o o < 9 =1
w5 AUNURIERR (peak area) Ay WuNaUMTIdUAT W lATANUAURUTAUdUATY 3
f1 correlation coefficients () tMINLMS 01NN 0.9994 LAZTUNITIAUATIVOIUAAS AITUAAY
‘ =

pglun19199 7

' Y Y Ay sa 4 e

manududuiitesiganistiasnaeu ldimlasleossmsazaieiaiguves

9’ v

’c’ﬁi‘VN 5 am@ﬂq %ummﬂ@m wum“lmﬂﬂﬂmeﬁmmmiumu MY 3 (signal/noise = 3)

(Gl'liN'Vl 7) WU’J"KTTSVN 5 Mﬂ]ﬂ?1ﬂl%ﬁﬂlﬂﬂuﬂﬂﬂﬁﬂﬂﬁi’mﬁ'ﬂ‘U"lﬂ EIEJ‘)' 1319 0.3709 -1.3191

Ug ml"

P ' R Y 4 i : .
AT NN 6 UAAIATIANUAUWHUSAUNTLTUAT I (Linear regression equation) correlation

coeeficient 118 detection limit YOIAT

Compound | Regression equation (n =5) Correlation | Linearity Detection
coefficient | range (llg limit (LLg
() mi™) mi")
' GA y = 24440(F 189)x = 201.73(1 33.8) 0.9994 2.625-21.0 | 0.3709
CA y = 6544.8(1F 47)x — 57.76(F 11.39) 0.9999 10.85 - 86.8 1.3191
RU y =8295.9(F 71)x + 121.99(F 0.9997 10.0 - 80.0 0.9757
36.47)

EA y = 15329(F 246)x — 245 43(% 0.9995 10.05-80.4 | 0.5999
40.07)

QU y = 13868 (X 133)x + 182.21(+ 0.9999 10.05-80.4 | 0.5706
31.41)

4

. s . £ 4
anududuniosigauazgaigavesaumsduaswoamsunas Ui 5 @
v E '
HRATT 5 ASUNEAIIVABLANNLLLEWBIID luldas Tu (Intra-day precision) 1azdaRa
3/ 1 v
a ¢ s . o f =] =3 [} a Ee=1
a3avaeUAARDNY 5 Ju (Inter-day precision) 1AMuAldns uaznammsegluasdiniyi

v b4 [
o s . 1 9/ [ =3
15%1ﬂﬂ15§ﬂ%’1 5 ﬂswmgma:mma:umazmmﬁ’;’munmmuaammz %RSD LL’CT@QN@TH
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d' 1 4 c; 9 = & [ a’d’q ' o
ATHN 7 WY %RSD ﬂlﬂﬁﬁ1!ﬂ1ﬂﬂ51ﬂ£kﬁ$&3@1hﬂ] < 2% m@g“lummmmmmmunum

vousu'1dve93s HPLC

. ¥
A13197 7 HEaAIAINNLNUET N9 Intra-day Precision (n=5) 1% Inter-day precision (n = 5 days)

Compound | Concentration Intra-day precision Inter-day precision
(Ug ml’) Peak area Retention time Peak area Retention time
(% R.S.D.) (% R.S.D.) (% R.S.D.) (% R.S.D.)

GA 2.62 111 0.38 1.20 0.41
21.00 0.99 0.31 1.13 0.34

CA 10.85 1.15 0.42 1.18 0.40
86.80 0.67 0.31 1.06 0.32

RU 10.00 1.01 0.47 1.25 0.43
80.00 0.98 0.28 1.23 0.32

EA 10.05 1.65 0.31 L.75 0.35
80.40 1.03 0.34 1.66 0.36

QU 10.05 1.31 0.29 1.65 0.34
80.40 0.92 0.36 [.15 0.33

¥ .
AnugnAsIvnditaseaan lasmsdnmsazmsnaguiueania 5 insiuany

Wt 0 uaz 60 g mi™") asluaisafavenenlsl 3 wiia (Spike method) lAun msarianon

#11 M. albe), @rsafaeenviaunydlng (C. pulcherrima) wazasafAABAINAIL (V.

° & s [ Yt ' _ P
nucifera) WANIINUATIZHNT % recovery WUTIAIN 1ABYIZNINN 96.34-102.56% (A13190 8)

14
uaRe3s HPLC fifianugnAswouiuld
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9 v il
1514 8 LLEAAIAT Y%Recoveries YVBIMINUDAAN S (n=5) 7 1491 spike TIWIATTIUN

nswanuutuadluasatanenld 3 wia

Compound R0 weunge ng Imang

(amount Recovery R.S.D. Recovery R.S.D. (%) | Recovery | R.S.D.(%)

added (%) (%) (%) (%)

(g ml™))

- GA (20) 98.56 1.35 101.32 1.42 98.84 1.05
(60) 99.70 1.11 102.56 1.36 99.13 0.98

CA (20) 96.94 1.58 98.03 1.26 100.68 1.35
(60) 98.05 1.49 99.62 1.24 100.19 1.22

RU (20) 98.06 1.03 96.87 1.53 97.51 1.60
(60) 98.90 1.18 9725 1.58 99.69 1.25

EA (20) 97.75 1.68 96.34 1.72 98.42 1.28
(60) 99.15 1222 97.08 1.36 98.17 1.08

QU (20) 99.64 1.38 100.73 1.09 99.29 1.76
(60) 99.41 1.07 99.65 1.02 98.76 1.30

a é a :’J s
5. mawasizimlSnamsiueanna s luasanaaenlsl

3 .
asanavinaenliiie 22 wiian ldnmsmsoyasazaiediedisaenls  (Flower

o s a o aa @ '
sample preparation) 1199 4.2 TRa R 1w HA83T 13 HPLC fana1ndedu lasunlaunsy

14 '
o A

fetrwesssatanenld 3 wilauaaseglugii 16 Mhiunldnswveuwazmshwuun

= = ) Y o =
L‘l]'iUULWUUW1ﬂ3”|3Jl‘1l1|‘1]‘HﬂUﬁ§JﬂTiLfqul§Q‘IJEN'CTWMU‘] GRERMTEY))]



100 100
5
4
3
jon
< 50~ a 2907 1
& 3 had )
M‘!\A{ L
“ x j' J
o L 0 .J' M O
T T T T T T T ¥ { IR T T { T
g 4 8 12 16 0 4 8 12 16
Time (min) (a) Time {min) (b)
100
2 50
. 4
2
3, s
g ..JL b\}\....._
T ‘( 1 T k] 1 3
g L] 8 12 16
Time {min)

(c)
5U9 16 HPLC chromatograms YBIE130NA (a) aonil (M. alba), (b) ﬂaﬂmauﬂga"lm (C.

pulcherrima) Uag (VUMW (N. nucifera): Peaks: 1, gallic acid (1, = 5.0 min); 2, catechin (¢, =

6.8 min); 3, rutin (7, = 9.2 min); 4, ellagic acid (z, = 9.9 min) and 5, quercetin (7, = 11.3 min)



1 v E4
A13197 9 uaaemUsnavesmInusaAng 5 1uﬁ1iﬁﬂﬂﬂ@ﬂ1ﬁﬂﬂ 22 YU

Sample GA CA RU EA QU
(mg/g) | (mglg) | (mg/g) | (mg/g) | (mg/g)
aennaly ldving - - 314 | 1.4 -
ADNNVNAIUNOY 1.44 . 2.16 - -
ADAIANEGIY - - - 283 | 053
ABNIINLAY - 1.61 - - -
aonidiumiea - 0.82 | 0.6 - -
ADALAYT v - - - -
ADALALAY ; - 149 | 142 -
AoNAIHOY - - : - 2.00
aonith 0.76 - 2.67 - 1.88
AoNI1L , 062 | 318 | 144 | 3.05
ADNTLN - . ) 3.55 .
ABNTOIU 0.16 | 052 | 044 e -
ADNATINTLIY - : . 1.13 | 3.88
ADNTINAIN - 7.03 | 489 | 518 | 068
ABNUIUYT - - 5.98 - 1.29
apnuiu g se - - 198 {067 | 0.62
ADNWITUN - 11.86 - 11.85 -
ADALIWINITUT - - - 2.47 -
ADNIWIN TN - - - 3.56 -
ADNI AN - - - - -
ABATIIUNYY INY 207 | 369 | 621 | 3.63 -
ADNOYTY - 1.75 - - -

winowg  msusdniuaaInglumiiie mg/g 499 crude extract

=< [ [ % v
- 143J1f}ﬂ\‘ivlilﬁ1lﬂﬁﬂﬂi'm’3ﬂ"lﬂ
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11AA15 199194 ‘W‘uimaﬂwwvuw“ﬁﬂ?mmmﬁuaﬁﬂmﬂﬁqﬂ (CA = 11.86 mg/g 1ay EA
~11.85 mg/g 18334 = 23.71 me/e) 7001 1AuA ABNTIMAIT (CA= 7.03, RU= 4.89, EA=
5.18, QU=0.68 mg/g,IﬂUi’m = 17.78 mg/gjtiay ﬂ’e)ﬂ‘ﬁN‘uﬂQQ"lVIU (GA=2.07, CA= 3.69, RU=
6.21, EA= 3.63 mg/g unz 1au351115.60 mg/g) daunenliriasuilarsiueaalaosu og1ioy
A1 10 mg/g mﬂimmimmmgﬂﬁ 16 Wudaiifinuesasdus yennNEIsHuoAAa 5 39

@

o ad dqw Vo A ~ a A ya
1J'N‘Wﬂllwu‘ﬂslﬂﬂi'W\I11']ﬂﬂ’n‘Wﬂﬂﬁ‘liwuaaﬂ‘W@’J%ﬂﬁuLlﬂ
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=
UnNn s

Jo15aiHam IV

o . [=f
lumsneaoeit TLC finger print Tag1d solvent system 114 Toluene:Ethyl
acetate (8:2)118% Hexane:Ethyl acetate (8:3) U@ spray SgllDEJ 10% H,SO, wuNluaisanann
Y o’zl a =t o o Ao ' o o £ g
ﬂ?)ﬂhJ‘VN 22 ¥UA 32U band NYALIUNAWNUL R, value = 0.43 uaz 0.53 auaay C])’Q!ﬂu
major compounds wazianlSouwnsununs spray #18 0.5% DPPH in ethanol WUIH13aNA
‘dld QJ = < ! o o o A 1 o d‘ o ]
nnaen lnlgnidueyyadaszd wu asndies $111 uazddl 9zil band WuFANA ML

a 4 Pt & = = = o ] :’l ]
R, valie = 045 TasAailuuaudunduaasiiignideyyadass Tasdumuaiuiiog

'
< o ~

o = g o
uJumsmﬂagmaﬂqmuamflu minor compounds mﬂmsmaﬂﬁauqmﬁ’maqgaaaiz
3 .
Yy v N t ; =S =
({i99dudI8n13 spray 0.5% DPPH in ethanol WU11 TLC finger print ¥93a8n I INALAUE1?
v Sy a a i
10 vz Iikansnaaeugniaueyyadasz 1u3s DPPH radical scavenging assay 1Az ABTS
. ¥
. . . = P- o as =] ' o R
cation radical scavenging assay NAI¥UNU wennniuazmu ldmsmTLC finger print Y83
£ 4
9 ] 1 Y o [} L4 [ (] =)
aan 13 aunsatsveniaen liiuegilued@eIny @ ABNUIUYT HRINIBVTD LUWINIY
[ ° o il 3 ' " o ‘ n’/’
179123 WWe (397 Apocynaceae) 9214 band @129F98A1 R, value = 0.40 HAAINAWMUTY
1 ~ et 9 8/ KX o A @ s Py I=~{ ;’,’ o Y
Yngliasni Inasead1enmiendenu v3emsaufuINy niaNutuyantoy
dmsumsnadeugnimueyyadaszvesmsanannaanlil 22 iadiu35 DPPH
radical scavenging assay (101¥ ABTS cation radical scavenging assay WU AY0IE1IANAIIN
Y T . [ a S A 9 o o ‘ l
aonld hifimasunains nsziiiesnnluntsnaaesldmsanaiiu blank uazdiulngy
°lﬁ’wa'lﬂ°luﬁﬂmuﬁmﬁu 1Au3T ABTS cation radical scavenging assay livoAnIuiesnnia
msgAndulaeinNuEIAAUUBNYIN visible light FiliAIMsgandunasgnsunIuioon
’ ¥
#9155 DPPH radical scavenging assay U40AATINT sensitivity ¥R Tagnaeodsunaln
o a Y & o A o Yot < Y A& o q ¥
midueyyadaszadwaisiufsasanavinaen ldndgns v ldsaowiedild  DPPH-
a $ { v $ [
uaz ABTS+ iades lasfamsnlaouutaslnsaadreiidiy free radical Tloglugufi iy free
PPN v “
radical  INHANINATOUWLNAIANADINABANIUNYINNIANGANIIT DPPH  radical
scavenging assay (102 ABTS cation radical scavenging assay
asananasn 1Mi131a Total phenolic compounds 10 1FH ADAWIIFUY LA
4 I
%zquﬁﬁ'wuaqgaaﬁszqe ATGRERE phenolic compounds TusssumIA 19U flavonoids 1A
. < aa Sy a P ' Yy o o ot
tannins (Humnsitignidueyyadasy Jwuhwanimaassaeandeiu i) lunauiniads

DPPH radical scavenging assay #t0¥ ABTS cation radical scavenging assay Tuvaienasanain
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4
=} o

< a = U O .
ADNVULA LzawNuﬂgqufmﬁﬁ'mmgu"aaaszqdumaunﬂsmm Total phenolic compounds

kY d'l o o o g @ = =1 b P P ' v R
oo lesnnasdfafidudiesngnt ewiilaseadedunluly phenolic compounds

<

Faiudeagd I hmsadannaen IATUSua: Total phenolic compounds 11N 119z linnFA1Y
a 9 [l Y Y d'd Q(a/ =y 1o [ Y a
ayyavdaszan llde ualumaenaunumshlignidueyyadaszgeludududead
133781 Total phenolic compounds 170
dmsuwamsnulSunaaisiuednn 5 @1 42635 HPLC wuhmennassuyiilsimm
a1WueAnINANYA (CA = 11.86 mg/g uaz EA =11.85 mg/g 1390 = 23.71 mg/g) 5940911
18un apniianade (CA= 7.03, RU=4..89, EA= 5.18, QU=0.68 mg/g, 1a037W = 17.78 mg/g)uns
ABAMIIUNYY 1Ny (GA= 2.07, CA= 3.69, RU= 6.21, EA= 3.63 mg/g uaz 1Au3Iu15.60 mg/g)
[ 3 o d' ~ - a v g t é k2 Y
dauaen lradulasiuednlassin aglioond 10 mg/g TIADAAGBINUHAYBINITH
a [ a o/ = I~ . . @
/5110 Total phenolic compounds umﬁam"lﬂtﬁwﬂnqmluﬂmﬂu antioxidant Y93I ANA
' = ! @ @ s
NUNABAKIIUNGS Inol GBI UdUAY 1 ATNAIIABNWNTNYLAZABATINAMN 91
[ 1 o P=} 8 Ao =% [
dull1dn Tuasadanenmieungelneeralicisouniignslunsiy antioxidant HoNIIN

= 2 3 — o o =2 1
@15 HUDAAVIN 5 NNINTANHI0Y
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a
UNN 6

v k%4
voagiuazveraueums

Yoagi
1. MIMsBNAITANA
yag ¥ . o ~ Y 1 [ o (Y
aon il % yield vosmsafanoumniga ldun asnuwenigte Ay
t Vd’ b4 . o 9 - =} 1Y =] (Y
43.89% auaen iR % yield vosesananeutiosfigadio aonuiu i lse Hauminy
6.92%
2. M3M TLC finger print
s/ o P ar a ar Y '
as1d 10% H,S0, iU detector (HOAANYMEZMSIAA band YOIM5AARIINABN LA
- & . v & 4
aziin A NTOUIVOADY pattem YBITITARAINADN 111 9 waziiiold 0.5% DPPH in
[~ Y = a 4 . & . ¢
ethanol 11U detector tHanATBUgNEMUBYYADAIITOWY WU TeongNTa L InYey
a ] 1 J :/’ [~ o ;’,' a = PRy 9/ ' a
YTNUAIUENVBY plate waasaTutiuasiiian Tasfaunudundanuduaenuly
o ] i a s ;’,' ' o o @ 4 = o 4 P =
fumisiatoudnniuinsdumsdidyheongniduouyadase demnsieengnidiu
leﬂuiyflu minor compounds
<
3. MsnaaeUgNEMMBadaITIazMINI IR IAT aTinm
v
wanmsnaaouiiy ldlumufon el DPPH radical scavenging assay Uag ABTS
4 =) Q‘dd‘ :/’ ast
cation radical scavenging assay lagha1sanasinasnyuungs Ineligniangalunisaesds
4. msmf3inas Total phenolic compounds
a = v o Jdo & a @
153194 Total phenolic compounds HAMMIFIRUTAUgNFMIUEYYadasy Taemsania
Ao A . = a Ay
715 Total phenolic compounds 11mﬂzmmmmmsa'lumsc?ﬁumgy,aaaszmﬂma
TaoasafinainABAN9¥NNIITLI Total phenolic compounds WNTIEA FaTA WY 147.90
mg/g
5. manfSinaasiuednlagds HPLC
ada o Y dy = v oo Y o l'lal
FUATIZH  HPLC  ANAIIUINTANUUNUEasANUQNABIEBNT UL 811150
ﬁmﬂ%mﬂ?mmms?luaﬁﬂ du'laun gallic acid, catechin, rutin, ellagic acid 148 quercetin Tu
v v
asasanenldld wuhaenlfve 22 afialmsWuedavasiiavesmsuazsuiaes T

= @/
usuny
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JYata oz
Yo o a & et i ' o o Y A Y,
L asldeinazaiustiadun Ml polarity 11 9 fulumsadamsnnaenld mold 1deas
. 4
afand polarity A1 9 AULNATBUGNT
2. 91ANATBIMIITEMITNTIUN AITNATANATINADANNFLY ADNIINAIWUALADAN N
o = o o o & o y & A Y (o
ungs InelimsAnyniannlunsduduniesdionlumsduiises Wiswinld 15w

. v kg
misfluedageiganinaenliie 22 siauasTignidueyyadaszg
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Simultaneous Betermination of Gallic acid, Catechin, Rutin,

Ellagic Acid and Quercetin in Flower Extracts of Michelia alba,
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ABSTRACT

Gallic acid (GA), caiechin (CA), rutin (RU), ellagic acid (EA) and quercetin {QU)-were analyzed simultaneously by HPLC with

UV detection at 280 nm. The separation was carried out by Luna C18 reverse phase column (& 4.6 x 250 mm) packed with 5

um diameter particles. Solvent gradients were performed by dual pumping system, and varied the proportion of solvent A

[water-acetic acid (25:1, viv)] tc soivent B (methanaol). Sclvent & was increased to 86% in 10 min at a flow rate of 1.0 mUmin.

Calibration curves were found to be linear with ranges of 2.62 - 21.G0, 10.85 - 86.8C, 10.00 - 830.00, 10.65 - 80.40 and 10.05 -

80.40 pg.mL" for GA, CA, RU, EA and QU respectively. The cerielation coefficients of linear regression analysis and detection

limits were 0.9994 - 0.9999 and 0.3709 - 1.3191 ,*,1g.m!_'1 respectively. The contents of GA, CA, RU, EA and QU in the flower

extracts of Michelia alba, Caesalpinia pulcherrima and Nelumbo nucifera were successfully determined at 5.0, 6.8, 9.2, 9.8 and

11.3 min respectively with satisfactory reproducibility and recovery.

Thai Pharm Health Sci J 2‘007,‘2(2).‘'.‘.'31-‘!37§

Introduction

Gallic acid {GA), catechin (CA), rutin (RU), ellagic
acid (EA) and quercetin (QU) are phenolic compounds.
Structurally they have phenolié groups which serve as a
source of readily available hydrogen atoms such that tﬁe
subsequent radicals produced can be delocalized over
the phenolic structure (Figure 1)."2 The interest in these
compounds is due to their pharmacological activity as
radicaf scavengers.“ They have been proved to have
potential preventive and therapeutic effects in many
: the oxidative stress has been

diseases, where

implicated, inciuding cardiovascular diseases, cancer,

§ e year of Srinakharinwirot Journal of Pharmaceutical Sciznce

neurcdegenerative aisorders  and  in aging,s'g The
phenolics are also of interest in food, cosmetic and
pharmaceutical industries, as substitutes for synthetic
antioxidants. These five phenolics widely distribute in the
p'ant king-:k)m.““2 Several chromatographic methods
have been documented for determination of GA, CA, RU,
EA and QU in plantsﬁ"3 but none on simulianeous
determination of these five phenoiics in flowers by HPLC
method. In this study, HPLC with UV detector was
developed for simuitaneous determination of GA, CA,
RU, EA and QU in the flower extracts of Michelia alba,
Caesalpinia pulcherrima and Nelumbo nucifera. The
assay was validated to determine linearity, precision,

recovery, selectivity and stability.
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Materials and Methods

Reagernits

-ss of gallic acid
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cetic

no!t  (HPLC grade} Were
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Apparatus

Chromatographic analysis
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£A and QU respectively- All standard solutions were

(Milligore), and

nucifera were washed and driad at 60 9. Then, dried

carried out using 2 9

of powdered flowers

~

product (TSP, U.S.A) was

(Thermc separation

combined with a duat pump (SpectraSYSTF.M £1500), 2

g5% ethanci under €0 KHz, 45° C

flowers were ground to fing powder. The extraction was

with 50 mbL of

in ultrasonic

extraction device for
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30 min, repea

tad twice. The extract
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at 50 °C

Uy detector

(SpactraSYSTEM UV1000)

and an

autcsampler (SpectraSYSTEM AS300C). Chromatcgrams

were analyzed with the TSP PC1000 scftware.

Standard preparation

Standard stock solutions

were prepared in methano!,

of five phenoiic compounds

at concentrations of 0.42G,
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Results and Discussions

Qptimization of chromatographic conditions

The five phenolic compounds, GA, CA, RU, EA and
QU, are poiar molecules. in the ‘Deémnmg, various
proportions of either methanol-water or acetonitriie-water
system were used as mobile phases but separation was
not satisfactory. The presence of acid in a maobile phase
system gave a much better separation for GA, CA, RU,
EA and QU except it could not separate baseline RU and
EA. The gradient elution of solvent A [water-acetic acid
(25:1 viv)] and solvent B (methanoi) had a significant
effect on the resolution of compounds. As a result,
pumping

sclvent gradients were formed, using dual

system, by varying the proportion of solvent A

{water-acetic acid (25:1, v/v)] to solvent B {methanol).
Solvent B was increased to 50% in 4 min and
subsequently increzsed to 80% in 1C min at a flow rate

of 1.0 mUmin. Datection wavelength was 280 nm.

100
4 5
h 3
2
2 50 v 'l
£ i ]
_ | 1
Ii
i ‘\
) T S
6 & 8 2 15

Time (min)

Figure 2 Chromatographic profile using gradient elution.

The peaks correspond to five reference
standard phenolic compounds: 1 = gallic acid
{tz = 5.0 min); 2 = catechin (i = 6.8 min); 3 =
rutin (t, = 9.2 min); 4 = ellagic acid ({; = 9.9
and 5 = 11.3 min)

min) quercetin  (tg =

measured at 280 nm.
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It can be seen from Figure 2 that a gocd separation
can be achieved within 15 min using the condition
described. Symmetrical, sharp and well-resolved peaks
were cbserved for GA, CA, RU, EA and QU. The &lution
oraer and the retention times for GA, CA, RU, EA and
QU were 5.0, 6.8, 8.2, 9.8 and 11.3 min respectively.

The proposed methed was validated regarding recovery,

linearity, detection limit, precision, selectivity and stability.

Linearity, precision and detection limit

A series of the standard mixture solutions of these
five phenolic compounds were tested to determine the
linearity betweén the standard mixture concentrations
and peak areas. The standard response curve for ecach
phenolic was a lingar regression fitted to triplicate values
obtained at each of five concentrations (2.62 - 21, 10.85
- 86.80, 10 ~ 80, 10.05 — 80.40 and 10.05 - 80.40C
;1g.mL'1 for GA, CA, RU, EA and QU respectively). The
iinearity  relationship  between peak areas and
concentrations was gecod and the correlation coefficients

(rz} were greater than 0.9984 for ali curves.

The results of regression analysis on calibration
cyrves and datection limits are presented in Table 1. The
limits  of

detecticn five phenolic compounds were

between G 3709 ard 1.3191 ug,mL"' evaluated on the

basis of a signal-to-noise ratio of 3 {S/N = 3).

Standard mixture solutions of two concentrations, at
high and low concentrations, were injected five times tc
determine the reproducibility of the peak areas ana
retention times under the optimum conditions. Intra-day
and inter-day relative standard deviations (R.S.D) for
retention time and peak areas are considerably low
(Table 2) indicating that the precision is good. Stability of
crude extract was tested every 24 h for 7 days, and was
found to be rather stable throughout the 7-day period

(R.S.D. < 2.0%].

(9}



Table 1 Validation data from calibration curves of five phenolic compounds

Correiation

Linaarity range Cetection limit

Compound Regression aguation
{n =5} coetfiziant {r') (ug.mL”) (rg.mL")
GA y = 24440(x 189)x —~ 201.73( 33.8} 0.8994 2625-210 0.3709
CA y = 6544.8(+ 47)x - 57.78(+ 11.39) 0.999% 10.35 - 868 1311
RU y = 8295 9(x 71)x + 121.99(x 36.47) 0.9997 10.0 -80.0 09757
EA y = 15329(x 245)x — 245.43(x 43.07) 0.9985 10.05 - 80.4 0.5999
Qu y = 13868 (+ 133)x + 182.21(x 31.41) 0.9998 10.05 - 80.4 0.5706

Table 2 Precision of standard solutions at low and high concentraticns (n = 5)

fntra-day precision

intar-day precision

Concentration

Compound , 1 Peak arsa Retanton tima Poak areca Rstenticn dme
{ng.mb )
(% R.S.0.) (% R.S.D.) (% R.3.0.) 6 R.5.0.)
GA 262 i1 0.38 1.20 0.41
21.00 099 - 0.31 113 c.34
CA 1035 1.15 0.42 1.18 0.4C
86.80 0.67 031 106 0.32
RU 10.00 1.01 047 1.25 0.43
80.00 0.98 0.23 1.23 0932
cA 10.95 1.85 C.31 1.75 035
80.40 1.03 0.24 1.66 0.36
Qu 10.05 1.31 029 165 034
80.40 0.92 0.36 1.15 033
Sampls analysis and recovery
The ethanol extracts of M. alba, C. pulcherrima and flower exiract contained GA, CA. RU and EA.
N. nucifera flowers wers anaiysed under the proposed ) ) L .
The recovery expermenis of the five phenolic
conditions. The chromatographic separations of GA, ' ) .
compeunds were performed by adding GA, CA. RU,
CA, RU, EA and QU in ethanol extracts of these . Al
£A and QU standard sclutions (20 and 60 pa.mb ) to
flowers are shown in Figures 3(a) — (). The content : . . N
: the flower extracts. which were !reated according i
of each phenolic compound was calculated from the . . . . .
the procedure described in sample preparation section
corresponding calibration curve and presented as the . ) .
for five times. The recovery of the five phenclic
mean of five determinations as shown in Table 2. 1t . .
compounds was between 96.34 and 102.56% (sce
was found that M. alba. and N. nucifera flower extracts .
Taple 4).

contained CA, RU, EA and QU, while C. pulcherima

134
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Figure 3 HPLC chromatograms of (a} M. albe, (b) C.
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Table 3 Contents of five phenolic compounds in the extract of flowers (n=5}

M. alba C. puicherrima N. nucifera
Compound
Content (mg.g") % R.S.0. Content (mg.¢*') % R.S.C. Content {mg.g") % R.S.D.
GA NG # 2.07 181 No -
cA 0.62 212 36S 544 783 1.50
RU 3.18 1.70 5.21 2.14 289 179
EA 1.44 2.07 263 230 5.8 197
Qu 3.05 1.33 nNO' > 0.8 1.5t
*ND = not detected, ® not applicable.
Table 4 Recoveries of the five phenolic compounds in the flower extracts (n=5)
Amount added M. aiba C. pulcherrima N. nucifera
Compound "
{ng.mL’}) Recovery (%} R.S.D. (%) Recovery (%) R.S.0. (%%} Recovery (%) R.3.D. (%}
GA 20 98.56 135 701.32 1.42 93 84 165
60 93.70 1.1 102.56 136 93.13 0.98
CA 20 96.94 153 ©8.03 1.26 109.628 1.35
60 98.05 1.49 99.62 124 100.19 122
RU 20 98.06 1.03 96.87 1.53 97 51 160
80 98.90 1.18 97.25 1.58 99.69 125
EA 20 97.7% 1.68 96.34 1.72 98.42 1.28
60 93.15 1.22 a7.08 136 93.17 108
Qu 20 99 64 138 160.73 1.9 9929 175
60 22.41 107 99.65 1.02 98 76 1.20
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Conclusions

A new HPLC method to simultaneously analyze gallic
acid, catechin, rutin, ellagic acid and qurecetin has been
developed and validated for stability, lineanty, accuracy
and precision. This HPLC procedure provided excelient
identification and quantification of these five phenolic
compounds presented in M. alba, C. pulcherrima ancd N.
nucifera flowers with a short analysis time (15 minj. The
experimental results indicated that C. puicherrima flower
extract contained an especially high concentration  of
gallic acid (2.07 mg.g'1 dry weight). It was also shown
that catechin, rutin and ellagic actd were detected in ali
flower extracts anc¢ M. alba flower contained highest
amount of quercetin (3.05 mg,g'1 dry weight}. Since the
phenolic compounds have been of interest of heaith
benefits, the present analytical study could be a polential
chenolic

appiication to identify and quantify the

compounds in other flower extracts.
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