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Microwave-assisted Extraction of Total Flavonoids from Salicornia Bigelovii
Torr. Optimized by Response Surface Methodology

Fu Qingquan',Zhou Feng',Hua Chun',Wang Renlei’
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Abstract : The extraction conditions of total flavonoids from Salicornia bigelovii Torr. were optimized. Effects of ethanol con-
centration ,microwave power, solid-liquid ratio, extraction time and pH value on the extraction of total flavonoids’ were
studied by single-factor experiments. Based on the single-factor test,the optimal extraction conditions of total flavonoids
from Salicornia bigelovii Torr. were obtained through the response surface methodology. The results showed that the optimum
extraction conditions of total flavonoids from the Salicornia bigelovii Torr. were adding 80 times amount 85% ethanol and
extracting for 14 minutes at 70 °C and pH 10. 5, the extraction rate of total flavonoids was 6. 89% under the optimal
extraction conditions. This result was basically consistent with the predictive value(i. e.6.81% )of the fitted equation.
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Tablel Variables and levels in Box-Behnken experimental design
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Table 2 Response surface experimental design and results

Sk ZBORE MOEUPE RN BEE pH gk [ak ZBRRE BOEIDE RMRIC BOERE pH gk
FEO(X) () () (X)) (X)) (%) [FE () (%) (X)) (X)) (%)
1 1 0 0 1 0 5.81 24 1 0 -1 0 0 5.86
2 0 0 0 -1 -1 5.86 25 -1 0 -1 0 0 5.86
3 1 0 1 0 0 5.85 26 0 0 0 0 0 6.90
4 0 0 -1 0 1 5.87 27 -1 0 0 0 -1 5.83
5 0 0 0 0 0 6.88 28 0 0 -1 1 0 5.87
6 0 0 0 1 1 5.86 29 -1 0 0 0 1 5.89
7 0 0 -1 -1 0 5.88 30 0 0 1 0 -1 5.86
8 0 -1 0 -1 0 5.85 31 0 0 0 -1 1 5.84
9 0 1 -1 0 0 5.88 32 0 0 0 0 0 6.85
10 -1 0 0 -1 0 5.88 33 0 -1 0 1 0 5.85
11 1 0 0 -1 0 6.88 34 0 1 1 0 0 5.84
12 1 0 0 0 -1 5.90 35 1 -1 0 0 0 5.84
13 0 0 0 0 0 5.80 36 -1 0 0 1 0 5.86
14 1 0 0 0 1 5.87 37 0 0 0 0 0 6.90
15 0 1 1 -1 0 5.85 38 1 1 0 0 0 5.85
16 -1 1 1 0 0 5.88 39 0 1 0 1 0 5.82
17 0 0 0 1 0 5.84 40 0 -1 -1 0 0 5.82
18 0 0 0 1 -1 5.86 41 -1 -1 0 0 0 5.80
19 0 1 1 0 1 6.90 42 0 1 0 0 -1 5.86
20 0 0 0 0 0 5.87 43 0 -1 0 0 -1 5.87
21 0 0 -1 0 -1 5.84 44 0 0 1 -1 0 5.83
22 -1 0 1 0 0 5.87 45 0 -1 1 0 0 5.86
23 0 -1 0 0 1 5.86 46 0 0 1 0 1 5.86
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Table 3 Response surface experimental design and results

72K I A Hh B Yo7 FAE PA{E M
A 5.58 20 0.28 942. 04 <0.000 1 o
X 1.755%1073 1 1.755x107 0. 059 0.809 7 *
X, 3.401x107* 1 3.401x107* 1.15 0.294 3 *
X3 7.240x107* 1 7.240x107* 2. 44 0.130 6 *
X, 5.305x107* 1 5.305x107* 1.79 0.193 0 #
Xs 1.441x107° 1 1.441x107° 0. 049 0.827 2 *
X1 X, 4.530x107* 1 4.530x107* 1.53 0.227 8 e
X1 X3 8.592x107° 1 8.592x107° 0.29 0.595 1 *
XXy 7.485x107* 1 7.485x107* 2.53 0.124 6 *
X, X5 4.485%1073 1 4.485x1073 15. 13 0. 000 7 ok
X, Xy 1.539%1073 1 1.539%x1073 5.19 0.0315 o5
X, Xy 5.741x107* 1 5.741x107* 1.94 0.176 2 *
X, Xs 5.790x107? 1 5.790%x107 0.20 0. 662 3 *
X3 Xy 7.371x107* 1 7.371x107* 2.49 0.127 4 *
X3Xs 1.611x107° 1 1.611x107° 5.434x1073 0.941 8 *
Xy Xs 4.706x107* 1 4.706x107* 1.59 0.219 3 *
X3 2.39 1 2.39 8 056. 40 <0.00 01 .-
X3 2.39 1 12.39 8 049. 88 <0.000 1 .
X2 2.28 1 12.28 7 705. 94 <0.000 1 .
X2 2.30 1 2.30 7 768. 67 <0.000 1 .
X2 2.20 1 12.29 7 730. 30 <0.000 1 sk
2= 7.410x1073 25 2.964x107*
S 5.923%1073 20 2.961x107* 1.00 0. 5593 *
ali iR 2z 1.487x1073 5 2.974x107*
J=P = 5.59 45
R? 0.998 7
R 0.987 6

Weox AREZEF(P>0.05), «x BFZEF(P<0.05), === ff i FH2%7(P<0.01).

2.2.2 WRFEEZZAER G
2.2.2.1 CZEBIREMBOE S ER K EAEA

FEBHA L AR TRIFD pH [ TEZ K-, AT LA 31 SR B 55 T D58 0 1 B B A5 e ) 7

Y=+6.89-1.047x107°X, +4. 610x107° X, 0. 011X, X,-0. 52X} 0. 52X;.

2.2.2.2 ZEREAABIL R B

AN S T pHL [ EAEZR /K-, 1T A3 Sl B SRR X 1 e A S M Y 7 e

Y=+6.89-1.047x107° X, -6. 727x107° X, +4. 635x107°X, X, 0. 52X;-0. 51 X;.

AL, N N
RN
ARSI
4NN
I NS OSSN
/14 \‘?‘\\.‘\\\

(BT ORERIINN
g IR
i,

CERRAXIERS
00002 I NN 2775050 KKK
IIl&"I,{,';‘O‘%f.:?,’:‘:,\‘ III;?O"'IO,.”:Q:‘{‘_’

$Q LRI

_ : . 54.00" 84.00 4.
103.00°83.00 X3 SMO AX1

7 ZERMREEFNGR Th R K H 3% B AE 90z #h T 8 ZERREE AN bL R 32 B AE AN Rz i TE
Fig.7 Response surface plot indicating the interactive Fig.8 Response surface plot indicating the interactive
effects of ethanol concentration and microwave power effects of ethanol concentration and ratio of

on total flavonoids’ extraction solid-liquid on total flavonoids’ extraction

— 100 —



FRPCHL, 45 - AWy B 418 Mo 2 1 5 i 1 2 g o )7 ot T 2 0 A6

2.2.2.3 L EEIRE Ak R By X B AR A

KRR CRHBLE A pH 8] RE 7R /K-, ol LAAS 21 £ Pt e JEE -5 folciple s 1) XA 2 b B B 15 R 5
Wi ¥ 7 7 «

Y=+6.89-1.047x107°X,-5. 758x107°X,-0. 014X, X, -0. 52X7-0. 51.X;.
2.2.2.4 ZERE A pH 09X B AE A

HE T D BRI LRI B TR] 181 5 72K, v RIS B SRR 25 pH X i 3% 1 Fh 7 5 B AR A 50
M A4 75 R

Y=+6.89-1.047x107X, -9. 492x10* X, -0. 033X, X, ~0. 52X>-0. 51 X>.

6.9
75;?5%}"0;’0,"0%‘0“""\““&{\\\\ 550K R
s 66 N
710000 20,90 90 0SSN 5750 R RS SR SO SN
00RO . v"Il,'l,go'%?:.:‘?’Q:“:‘\“e;\\«»
> >
6.0
5.7
87.00 10.70 ~87.00
86.00
. 10.50 85.00
D: X4 . . A: X1 . .
12.00 83.00 E: X5 A: X1

10.30783.00
E 10 ZEiRE pH R H 35 E 1 A 0 Bz i T

Fig. 10 Response surface plot indicating the interactive

9 ZEEVR B R A 8] R E 2 B AE A A M R i T
Fig.9 Response surface plot indicating the interactive
effects of ethanol concentration and microwave time

effects of ethanol concentration and pH
on total flavonoids extraction

2.2.2.5  BUKshERMEE L K EAEA

B LT I e TR pHL 112 R 27K, i ARSI folcie D A FIORHAR LU X 105 32 1 J B T 75 23 52 ) )
T

on total flavonids extraction

Y=+6.89+4.610x107°X,~6. 727x107° X, -0. 020X, X, -0. 52X57,0. 51X;.
2.2.2.6  fHk o F Aok B R Y K B 1R A

B LT EE RRBHE AN pH ] E 7 ZR K-, AT LA B 0 D13 AR IR 8] X6 1032 1 S S B A 385
Wi ¥ 77 7 <

Y=+6.89+4.610x107°X,-5. 758x107° X, 0. 012X, X, 0. 52X5-0. 51X;.

J LT T RN
R RREREINN ALK/
RN NN
777777
SN

SANN
Y gt ‘:“‘\\\\\\\\\\\\\‘\

i,'l,‘ “Q“t"\‘\\\\\\\\\\\

i N

56.00 "~ 106.00
5500 00— —T0a. 0(1){5' 00 13.00 04.00
C: X3 7753.00°103.00  B:X2 D:X4 772,00 103.00  B:X2

11 SR ThE R b R 5 3% B A A 0 R i T

Bl 12 f30i Th 2 F i B 18] A2 B 32 B4 A A4 i Rz ik T &L
Fig.11 Response surface plot indicating the interactive Fig.12 Response surface plot indicating the interactive
effects of microwave power and ratio of solid-liquid effects of microwave power and microwave time
on total flavonoids extraction on total flavonoids extraction

— 101 —



B U4 (A ARBE2 )

55 36 447 2 191 (2013 4F)

2.2.2.7 fEhFEF pH R E1EA

1 SR R LRI i 18] 18] 5 722K, w] RIAS B R S A8 0 pH X 3% 1 Fh - 5 5 R A

Wi ¥ 7 7 «

Y=+6.89+4.610x107°X,-9. 492x107* X +3.

2.2.2.8 BRItk A BOR R A Y B 1E

W WA PE IR pH. [ 5E AE K-, AT LU SIS R GRRE R () Xof ¥ 2 1 Fh

M) £ 77 7 <

805x107° X, X, 0. 52X5-0. 51.X-.

Y=+6.89-6.727x107°X,-5. 758x107°X,+0. 014X, X, -0. 51X>-0. 51.X;.

6.9

;;;:,'0‘4‘ SIS

7RI
66 o
IO SIS NI
6.3
>
6.0
5.7
\.
10.70 2

>/107.00
106.00

. —105.00
E: X5 10.30 7103.00 B: X2

13 iR ThERF0 pH K H 32 B {E i 06 R i T ]
Fig. 13 Response surface plot indicating the interactive
effects of microwave power and pH

on total flavonoids’ extraction

2.2.2.9 Btk pH B9 & B E A
N SR FE OB 2 ZE NGB ) [ i1 5 R 2 7K, AT DA
Wi 1 75 7% <
Y=1+6.89-1. 047x107°X;-9. 492x107* X,

AT TR RRS

o
7 0099 RS

,'/f(,i/,‘{Z;l!,,;I,:O‘g’:’:‘:"’\:‘\é‘\\\)\\\§\§5.\

SOSIAIARAY

‘\\\\\\‘“\\\\
AN

RN

6.625

6.075

S
57.00
,//'5/6.00
==

1030753.00 70 C:x3
15 pH Fn#bik bk B H 32 B F RN 52 g T =

Fig.15 Response surface plot indicating the interactive

effects of pH and ratio of solid-liquid

on total flavonoids’ extraction

2.2.2.10 f i A lE An pH By R B 1 A

K ST RE CRHIBHE AR T A2 181 7 A2 K, R AR B G s 1) 0 pHL X 132 5 b 5 B 26

Wi ¥ 77 7 «

/ 0 by 0 0t %S O S Y
6.625 s SS NN
OSSN

X2
ORI

757.00
56.00

14,00 —55.00
13.00 —_ —54.00"";
D: X4 12.00 53.00 C: X3

[ 14 fR0iR Bk i Ak i bb e H 35 B PR A e Rz 1A TR
Fig. 14 Response surface plot indicating the interactive
effects of microwave time and ratio of solid-liquid

on total flavonoids’ extraction

48

FREPBRBEC AT pH X% 1 Ff 1 B BT

004X, X,-0. 51X5-0. 51.X2.

6.9
v AR RRRIIN
6.6 N
. g0 0 OO AN A
0SSN
6.3
>
6.0
5.7
10.70 =<

10.60
10.50

E: x5 1040

B 16 figAtiEFn pH & H 32 B (& R R 52 i 1
Fig.16 Response surface plot indicating the interactive
effects of extraction time and pH

on total flavonoids’ extraction

LSIA
o

Y=+6.89-5. 758107 X,-9. 492x10™* X, +0. 011X, X, 0. 51X>-0. 51 X>.

— 102 —

SRR



PRORAL, 45+ il B i HOE 2% 6 B 1 20 g ey 7 o T 32 11 1

2.2.3 MANKIEERE

3 o 2 A5 24 ) 0 25 T AR PR A AT 5 AR DR IEE A 70 °C I 5 2 B A 0
SEAF: CBEHR L 85. 00% , BHE L 1:54. 99, F2 I [E] Dy 13. 99 min, R P&y 105. 01 W, pH h
10.50. FERLACPE T, W33 T S 2 RS S B T 3% 6. 89% .

S 1A 7 VR I TS, R S PR IR A A O K508 5 R0 S 4R DU o % P T R
85% , WU Ny 105 W, B IR 70 °C , (% HE] 14 min, BHE L 1:55,pH Yy 10. 50. SZBRINFSHE R Hy
6.86% , SIIB{EHAHZEA K.

3 &g

6 3 7 T AT 5% R B 2 (B EA Y 3 (8 S AR T, e o e 7 pb i DA Al T A i ) e £
RBCT 2260+ LRk IE D985 % , Tk 29 70 °C, BB iy 18] 2 13. 99 min  BHA L 1:54. 99, B TR Ny
105.01 W, pH 5 10. 50 , M RH:% 8 S B3 A< B (E AT ik 6. 89% . ARG SEPRIE DU iZ S BUR A TIBIE S

THERUESL I SEPREUE N 6. 81% , 5 N {E I 25 5, i W32 T 2008 AR B % 1 A v .

[ &% ik ]
(1] MESZ, T R E 55 ShAE Y T Rt e i s R B )] VLPE R0k~ 4k ,2008,20(7) :46-48.
[2]  BK3EET, NITE. A% T3 | FhE MR 5 A K S RVE FRAL L b3 [T ). & SR ,2007,32(5) :104-106.
(3] JEGE, AT, RO, 45 s T B IR B T 20 emrot [T ] 2 B 1 24,2009,20(9) 2 274-2 275.
[4] Park S H,Kim K S. Isolation and identification of antioxidant flavonoids from Salicornia herbacea L[ J]. Journal of the Korean

Society for Applied Biological Chemistry,2004,47(1) ;120-123.

[5] Kong C S,Kim Y A,Kim M M, et al. Flavonoid glycosides isolated from Salicornia herbacea inhibit matrix metalloproteinase in
HT1080 cells[ J]. Toxicology in Vitro,2008,22(7) ;1 742—1 748.

[6] MinJ G,Lee D S,Kim T J,et al. Chemical composition of salicornia herbacea L[J]. Journal Food Science and Nurtrition,

2002,7:105.

(7] BARN, KRR, R3S, M Ry T A F 2 MR T S o[ T ], & dh TolkRHE ,2011,32(3) :318-323.

[8] MRER  MAEUN , REEE. E FE BN AT 5 SR [T ], B35 ,2010,32(3) :286-289.

(91 M, BRFAE, SR , 5. Il il B I 7o i) 45 JL B0 i R 19 T 205 [0 ] 125 Tl Bk ,2011,32(6) :309-314.
[10] B8PS, Bl G 4 eV I TR BR [T R BHE 2007 (6) :34.

[11] EZRLMZE G2 e AR E 25803 S]. JU5T . o B2 25 BHE ) iiiAt: , 2000 :291 =578, fff 5% : 34.

[12] Sk, BRierE , 088, 45, FTAR T A B i A & i 2 7 [ )], o B SE I 2% 45,2012, 18 (18) :70-73.

[13] MDD, shaqE Apsa ey, 45, Wi L Bk 00 A6 3 [ 3SR B T 2 Mmr s (1], b B ARl R2f 2 4. A SRR 24, 2007,

12(5) :52-56.

[=EHE ' 8]

(L3595 )

[11] AR, 2T, XK AT, 6. 2 p DU Y Heath-Carter J5 AR BIWFZT [ J]. DU IR 24 2 4k« 224 i, 2003, 37 (2)
321-323.

[12] S5 BRI, Rizee, 5. P50 1 X DUR B IR R H [ D] i) 27 4435 ,2004 ,27 (4) :437-443.

[13] RWIRE, REK 28, 45, T P DUB N R TUIETE [ ], ) PUBERF R 254 - A SRR, 2008 ,25 (4) :501-505.

[14] Carter J E L,Heat H B H. Somatotyping Development and Applications[ M ]. London ; Cambridge University Press,1999.

[15] HRGIE. AM 0 LI E 55 R R i [ M) b3 . B34 i bt , 1985,

[16] Brozek J,Grande F,Anderson J T,et al. Densitometric analysis of body composition;Revision of some quantitative assumptions[J ].
Ann New York Acad Sci,1963,110:113-140.

[17] WM. B 2 4F R M. st AR TR Rk, 2001,

[=ERE: B 8]

— 103 —



	ok_部分96
	ok_部分97
	ok_部分98
	ok_部分99
	ok_部分100
	ok_部分101
	ok_部分102
	ok_部分103

