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—JEWE AR 100 mL— il B i —~ e A S A
R AEEE, AR
3 (%) = (m/W) x100
K, m N, g5 WM R, g.
1.2.2 AKAZEA EFRIRD 25

SR 24K 2.0 g— I 60 mL Z&1#7K—100°C [F]3i
FEH 90 min— 1 JE—JEHE A 4 100 mL— P& 35 i i1 =
— 1§ 1.2.1 A3 D AR S AR,

1.2.3 B2 A5 ©ARIRE 2 &R

BAE T 228 2.0 g—~ A 60 mL AR5 70% LB
—70°C [l FEE 90 min— i JE—JEH E A 100 mL— ]
SE R 4% 1.2.10 AXTHE S 22 IR SR
g[ﬂo
1.3.4 A2 F R4 0H BRI D) 2 £ )

G5 22k 2.0 g— A 60 mL AR50 % 70% L1
—70°C [A[i$2HL 90 min—60°C R (300 W) 4 BhH2 HY
30 min— L€ — M — & A E 100 mL— I 5 75 i i i —
T 2 R A S AR,

1.2.5 #HEEESHEEZTNE

W b3 5 i 46 I B G 2.0 mL, JIA 0.6 mL Jiit
L 5% NaNO,, FESIFHE 6 min, FIIA 0.6 mL
M 734 10% AI(NOs); 7870 TRATHHE 6 min, FEJS IIA
4 mL {35 4% NaOH, #£4)JGERE 10 min J&, L
FHIY ()25 IR FIVEXS I, 1 510 nm ABJ0E OGRS, LAY
T O bR ERT S, PAs E i £k (3=1.2283x+0.0054 ,
R*=0.9995, Hrft y R WRSEIE s x Ko T IR K, pg/mL)
SKAFHE A P B R A AR T e, Rt SRR &)
E G mEilD .

1.2.6 TisFoKFIRD 248 K08 R £ X%

WE: RIS 228 1.0 g, MIAZKEL 20 0 1 mL/g (1)
ZRUIK T2 ST, #HIE SR 5.0 MPa, 212 30 min,
FEANFERPEEE (1204 140, 160, 180, 2007C) X}
2B A SISO I 5

IR AREN S22y 1.0 g, IIAZKELEE 20 2 1 mL/g 11
IR, KJIh 5.0 MPa, AHGHIE AN 160°C, F5AF
BRI (104 15, 204 25, 30, 40. 50. 60 min) X}
2B A B IBUSCR 5

ABHEE . FRELD 228 1.0 g, IIAZEIAK, JEHN
5.0 MPa, 160 C Fiz4% 20 min, AR AR (511,
10:1, 15:1, 2051, 25: 1, 30 1 mL/g) X} %5
FA AP FEI I 0 .

pH {H: AREUBME D228 1.0 g, 23 IIAZKEHL
15 : ImL/g 7&K, #EdEJh 5.0 MPa, 160°C Tz
$& 20 min, HEAR pHH (4.0, 5.0, 5.5, 6.0, 6.5,
7.00 X5 22 g SRAL S YR IS 2R )5
1.2.6 Ll RoKEIRD £ 3480 K04 89 IE XKL

FE PR 2RI A FE Al b, X L 2L SR A
RO R E R R . JEHUN AR AR e 3R 1 1%
TR FEATER L9 GH BT IEAR K, ik T 235

F1 EXRABERKFR

Table 1 Factors and levels of orthogonal test

K 4 B ¢
W/ C FLE 17)/min ACEHE/(mL-g ™)

1 140 15 10

2 160 20 15

3 180 25 20

1.2.8 RAFEBRAR

PUSAE (artillery observation vehicle, AOV) HIill
SE: A E 50~200 pg/mL [ 24 EIHE G 10 mL T
=, N 0.25 mL ) 1 mol/L BRI SmL 025
mol/L [¥) H,0,, =i T 10 min FFIIA S5 21 10%
AL I 20 mL, ##% 5 min J5 ] 0.05 mol/L A CHR 2
B, DU B0 1% e BIR n 2805, RN 2
F I, 3% R0 AOVE (mg/g) -

AOV=(Vy=V)xMx34/0.1
X, Vo A AL mL; VO RSB FERLA SRR R
BIARRL, mLs M ODBRACHR RN R JR IR B 0.05 mol/L;
34 SRR K BE R EE s 0.1 A HHL.

I JFBE I 5E - B 1.0 mL50-200mg/mL 3¢ 5 1) T % 3%
FEREGBIMA 2.5 mL pH {E°A 6.6 [FITEIR £k 28 i i f
2.5 mL S 1% MBS ALBIA W, #RS), 1E S0CHR
IR 20 min JEHCGH, A 2.5 mL JRESECY 10%01 =
RO, BAEEL (3000 r/min) 10 min, BB 2.5
mL JIA 2.5 mL 28K 0.5 mL U843 %0.1% =51k
PRI, IRATJGAE 700 nm AR EROGRE, WOGRE R R
BR300 JLRE ) i

DPPH- [t 2E3 BRVE FH « 2 OSCER[17-181 5 15 m LA
Mok, B3 mL UEIREE A 50-200 me/L [HREA) L BEH
Wi, 53 mL N 200 umol/L ff] DPPH: Z BSR4
i DPPH-ZIKJE A 100 umol/L, Kf 78 70 TR A1 B I b i
T 30 min, 7E 517 nm &b E WL 4% F X145 DPPH-
HIEERE (D .

I (%) =[(4¢-A1)/4]*100
A, Ag ARSI EROGAE s Ay AR S TR
JeAE.

FRAEEA A COHD THMRZFERMIE: S MOCHR[17-18]
FIF 3 A, BT 10 mL B0, 1538 2 ik
A 16.0 mmol/L FeSO,, 0.04 mmol/L H,0,, 6.0 mmol/L
KM S 50-200 mg/L B FIAE o 37°C [V 30 min, i
KA, #E BN 0.9 mL Z818/K, (R REE N
6.0 mL, 2000 r/min 2.0 10 min, HCH T 510 nm &b EL (s
WEWIERE, 4% FATHE-OH kR %,

‘OH EFE (%) =[1-(4,-4,)/4,]x100
o, Ag AAIIRE SIS IR GAE s Ay S InEE S JE )
WEAE s Ay J KRR A A OB .
1.3 BBELAEF®

KH SAS Gt at, BT ¢ K50 A A BRIy 25 4y
Mo BRI % 3 ANER.
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F 1a b PG S /K AR I BT 22 i i 24k 5 i Y
PP, B 1 AT, BEIR TR RS
PR32 WG N, SR 160°CIN % . G
bEAE PEHCREE &, SR S AT O R B, X
R BB T el B R A K R AR ek 55 M 0T B 2R A
IR, ARG ESE A  R, Jrh AR E
ZE AT Lo R AR AR, BT FRAI T SR SR A& 0 (1)
323, DL, EEHEHURETE 160°C A4 A .
2.1.2 mEsTFEBRIZERG G

PRI R]6) 5 22 B 2R A A 1S 2R 0 2 WL b
PG R RO R, AEHOBE, (ASERRIFAEDt . A
Bl 1b v LUEH, D22l SR U b, s
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9 F

T

BR/%
N
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W/ °C
W ARG R ) 5.0 MPa, ZKRHEE 20 1 mL/g, AEEXR(A] 30 min

a. /¥

10

"R /%

AR/ (mL- ™)

W ARG ) 5.0 MPa, AEIUEE R 160°C, FEEUE A 20 min

IR, 9238 R 2 H9OK, 7E 20 min ik 2155 KA ;
ZJaREAE NI, 135 R, AT Be PR ] I
S RN, SRS Y R R T
B TAEEURTEI LA 20 min 2245 0 B .
2.1.3 KAt EBRF RN

B Lo a7k B 22 B4 S A A2 1 i o A
lc ATLAB Y, BEEACEIEL IO, SR S AR W
B, 4ORHEE R 15 0 1 mL/g 1IN, SERASRAL G045 2L 5
BNE, FHE TP 2% I8 B RARU AR f5 2
A, AMFRIERKEE N 15 1 1 mL/g 2dvs
2.1.4 pHAEA FEBIFH 697

pH 1B By 24 B 2R Ak & ) $E BT 22 1R 52 DL 1d.
B 1d FTUL, SEREUR ST, S ACRE RIS ] —
SEI, $RIUAR R I pH AALE 4.0~7.0 Z [AJ I T 22 3 i 28
A YIEEIUTS F /N o IR ZRARK 1K) pH BN 6.8 247,
WA 0 A 2 (1) pH AL AL 2
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4 1 1 1 1 1
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FE R ARG (3Rl -, FREBUBIR S 250 1.0 g, 7
$EMUE J7 4 5.0 MPa, pH {EN 6.8 4FTR, L/, &
H S [E) R0 AR L AT = R 38 = KPP B AL o

WO AT B0 i I K R 22 S RS )
I T 25 0F, IEACIRI 45 R WK 3. R 3 W=D TR

Effect of different factors on flavonoids yield from Kalimeris indica

B, “M3REUR )R 5.0 MPa, FREGHE . FEEURRFIZKCR
EL S T 22 B A 28 Ak 5 1) 10 4 AT 2 A7 AN ) R JEE 1 5%
Mg, Aol DR 308 B 2% 0 I A 5 P A 3 5 i 4 K/
WUy : A>C> B o W A K IESR UK A 414 0 A2B5Cs,s
RIFRIGEFE 160°C, $EHUN ] 25 min, KL 20 © 1 mL/g.
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Table 3 Results of orthogonal test

1 o f
WA BB KKHC % %
1 1 1 1 1 6.82
2 1 2 2 2 6.92
3 1 3 3 3 7.68
4 2 1 2 3 8.24
5 2 2 3 1 8.91
6 2 3 1 2 8.37
7 3 1 3 2 7.67
8 3 2 1 3 7.22
9 3 3 2 1 7.51
K, 7.140 7.577 7.470 7.747
K, 8.507 7.683 7.557 7.653
K; 7.467 7.853 8.087 7713
R 1.367 0.276 0.617 0.094
A& Ay B; Cs

2.4 DZHEEELSMRALENE
M 5 AT S AR S RAT R PR
WRES . B 23S A E S n A A A4, 1)
Wk AR A, MRS e B ik S
JRASE IR, AOV EBUR R BI LA RE Sy lni,  RITIE
RE i, BB AFE PRI . B 22 s W RAL S 1
EIRRETTNE S AOV (S R —8U, AR
22 R A A R R T LUE B SRR A, R
5 A RO SO RE I B 2 i SRAL S S
DPPH-HI-OH A HiE&EFRAE R, 525k 5 R
A FEAREE B 3k b B iR el 5 8 iy A LS i
SAHE SN AR, T ELIXR A A AR B A7 A TR A R
DA b 25 SR 35 3 W 5 22 5 i S8 A0 & ) B AT AR 8 10 I g
T3, FE— WL N BAT BRI LA A fE
%5 DEEWMEUANHERERBENMARLEL
Table 5 Scavenging free radicals and antioxidant activities of
flavonoids from Kalimeris indica

2.3 XHEIRIELER

FRER D 22 A ANFRIESAL,  BLACRAE H 4y 4 A
FRAR 2o H S W I E 7 A R, AT SRR TE
PR 22 AR K, AM TR IBONE I AL . Al 424K
RS, oy BILL 28 TR RARL S B 70% 11 LBt
PR A HEAT 2 308 1] 0 5 FONTER 75 il Bh Fe BB, BALE AR
AFFRBONEMI S, AL RN K 4. HE 4 v HH,
PG AR ZHEAR T Al UK RH £ Ay 7 750 1 [ 4 L
w0, AR T 22 B 2R A G ) A 03 ) A K R
FEHUER 1.76 %, LREFIFARBGER 1.26 1, SE AR
W) O PREIGE B 2 T I KSR IO (a4 A
25 min, HARPRHOENIFTZE 90 min LA b, FREUN K
KRR W NZGEAEHEE, Wik FKSRBCR H 2iK
YEREH], MAMRTHE 2 Borik, HGRLEH, BT
EHRETEIER,  BRAER AT kA Ao iy
W, NP SR SR IO — A A 8 SR i A5 )
9527 N

WSOV EAFAE AR IR B S A 2 2 R,
POWNE G 695 3 ERe a1/ I 1 i/l - S &2 N NN 4 3/
B, R SRS ICECAR ] T 5 22 s 2R A S
FIBRIRE,  ANCAT BLIRE S A7 ALV 0 2 2R 40 5 ) )
B, i HECAAE, BT DA, 1356 5 24 5 i
AR BA o> R R .

F4 RRAZFMNDZHEHELESYEENZNT
Table 4 Effect of extraction methods on flavonoids yield from

Kalimeris indica

PRI WEE/C WORHH/(mL-g)y  W)/min 152/%
K BRI 100 301 90 5.12
SRR IS 70 301 90 7.13
T 7 Y DR T 60 30:1 30 8.97
PG SRR AR 160 201 25 9.01

L 22 B R B {E EIRAES DPPH- ‘OH
FE/(ugmL™") /AOV(mg-g™) Az0 WREY%  WERE%
50 2.1+0.13 0.25+0.02 15.2+1.9 38.5+£2.6
100 3.8+015 0.63+0.04 347424  49.742.9
150 5.2+0.12 0.78+0.03 53.6+£2.1 65.2+3.8
200 6.5+0.24 0.84+0.05 67.8+3.3 74.843.6
3 &% it

D kR R E AR, AR TN 5.0 MPa 4%
PETR, ARk H I PR R 2= S 2R A A ) 3 T
2Ty ARBUEE 160°C . $REUN ] 25 miny ZKEFHEE K
20 1 mL/g, TESLAAET 5220 M 2R GRS E N
9.01%.

2) I AR ZEH S =2 B 2 Ak B ) IR A% S 3 U
AL B 3205 (9.01%). PoE (25min). V54 (LA
FPKCEEFD TG TARAEAR 3

30 H 2 WA A AT — R P LA AT B A
H LRI RE
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Extraction and antioxidant activities of flavonoids from Kalimeris indica

Zhang Can, Zhang Haihui, Wu Yan, Duan Yuging™, Zhang Rui, Shao Tingting, Chen Jiehua
(School of Food and Biological Engineering, JiangSu University, Zhenjiang 212013, China)

Abstract: The subcritical water extraction technique for flavonoids from Kalimeris indica was studied, and the optimization of
technological parameters were obtained by orthogonal experiments with flavonoids yield as index, and the antioxidant
activities of flavonoids in the extracts were determined. The results were as follows: the flavonoids yield was 9.01% under the
conditions of pressure 5.0 MPa, temperature 200°C, extraction time 25 min and the liquid-solid ratio 20 mL/g, while it was
5.12% and 7.13%, respectively by reflux extraction with water and ethanol. Compared with traditional method, subcritical
water extraction method has obvious advantage in saving time and extraction rate. In addition, the flavonoids extracted from

Kalimeris indica was found to be possessed power scavenging free radicals and antioxidant activities in the experiment
concentration range. These results can provide references for the development of flavonoids extraction from Kalimeris indica.

Key words: extraction, optimization, agricultural products, Kalimeris indica, flavonoids, antioxidant activity



