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Fig. 1 Experimental illustration of RSM optimization of ginger flavonoids extraction and radical scavenging effects
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Table 1

Factors and levels of response surface methodology

AR ER T ACF 4T \
. . A F RS
Levels of independent variables

Methanol concentration/ %

M [N T Independent variables
B. 2§20

Extraction time/h

C.BiRRE D BRI

Extraction temperature/°C  Solid-liquid ratio/(g * mLL.—1)

—1 60 50 3:30

0 65 60 43230

—+1 70 70 5230
1.2.6 RBERESRAITHE 1.4 HiBEHSH

HHAE L.00 mL BIBW FHAE D, %
L. 2. 3B OFIMROLE AE., WARBER
BB TATERER T B HIRER, SEE
B3 R(%)=CX10X50X 1073 /M X100, K.
C Mk B TR A B (mg « mL "), M 2B K 1Y)
FiE (g,

1.3 mAWE

ot P v 7 1 A3 B R B B AR AR LRI A
L EERER BREREIT OB EER
SRR B LA, [T A8 AU LM BRI
B 24 h, IRBIRBHE RIS FH 60 %0 H B W et »
WUE R 6 0T B ARGV, TR 515 A R
AR,

BFEHBEEEREHNE. BEH 0.01,0.02,
0.03,0.04,0. 05 mg « mL ™" 7R W] ¥ & i1 B AL
FIFEW #8408 Fenton R BLR RERIEN, EBR K
W A 0 S TR S L S5 78K 25 RO HR B R
TRITER B HEBRE., R RIKR, bR
A2 B BHT FIBTIRIAR 3 FhbiE b FIxT 2
HHREMEREME., « OHBBREU) =A—
(A, —A)) /A X100, K. Ao X} BRI HI R
TR, AL A 2 BT WG, Ao B AN
H, O, KRBT,

SRH Origin 6.0 84 4b 28 3 55 B4 16 A,
FIH Design-expert 8. 0 B {4 B 311w B 1] 43 B ik
Wi RIFIAI T 25T

2 HBRESH
2.1 BRAWRMUEACHN AT #R Ak il 2 25
A 22 5 B SR BOROR ™ T AR VR TR B 2 (5

BEXTHRIRILE R K 2, —H BOER ML —K,
BB IEOR R A B E . A 2 WL
BN R RN B FIE 495 nm 4 )5 2%
5 B B S W B B RO . BN ]
R T AR 7E 495 nm AMEIIETOLEE, 4
T hr i £, AR R B AR Y =0. 002 5+
25. 964X, 2R PEAIRC R ECH RE=0. 999 5,

x2 EZRWEMATHEEREITE
Table 2~ Chromogenic reaction of ginger

extract and rutin solution

EFH] Reagent 4% NaOH NH; » H:O AICl3 FeCl3
R Extract E i, RE B
#T Rutin E He wRE fiser
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Fig. 2 Absorption spectrum of ginger extracts and rutin solution, the standard curve of rutin solution
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Fig. 3 Effect of methanol concentration, solid-liquid ratio, temperature and time on

the extraction ratio of total flavonoids
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60%~70% B IL (3 + 300 ~(5: 30)g » mL 1,

BRIREE 50~70 CHIATE] 2. 0~4. 0 h AR
B T 1 B 97 1T 43 AT P g 7 PR A PR LS K
IR, T 25 AR, Hrp 16 ZAHr IR,
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Table 3 Experimental design and results for extraction ratio by using Box-behnken design and RSM
. M [H T Independent variables N Ri{E Response
ﬁ: A B EIRFRAME B.: B #2A (8] C.BiIRE D BHR L SREAE AR
Methanol concentration/ % Extraction time/h Extraction temperature/"C  Solid-liquid ratio/(g « mI.—1) Extraction ratio/ %
1 65 3.0 50 3:30 0. 310
2 60 4.0 60 4:30 0. 459
3 60 3.0 70 4:30 0. 412
4 70 3.0 50 430 0. 412
5 70 4.0 60 430 0. 445
6 65 3.0 70 5330 0. 238
7 65 2.0 50 430 0. 428
8 65 4.0 60 5% 30 0. 220
9 60 3.0 60 5% 30 0. 226
10 65 3.0 50 5330 0.471
11 65 4.0 60 3:30 0. 452
12 65 3.0 70 3+:30 0. 462
13 60 3.0 50 430 0. 405
14 65 2.0 70 4:30 0. 379
15 70 3.0 60 5% 30 0. 270
16 65 2.0 60 3:30 0. 348
17 65 4.0 50 4+ 30 0. 356
18 70 3.0 60 3:30 0. 342
19 60 3.0 60 3:30 0. 497
20 65 4.0 70 430 0. 353
21 70 3.0 70 4:30 0. 324
22 65 2.0 60 5330 0. 432
23 60 2.0 60 4:30 0. 264
24 65 3.0 60 430 0. 309
25 70 2.0 60 430 0. 324
HESHABRERRTEERSENT 2.3.2 ZnBEIEKEM 2508 ANOVA

0.220%~0.497%, X4 BRI 45L 60. 4624
=N B 2.57 he B E 69.91 C. B I
3.03: 30 g » mL7"B, B4R SRR A S
B KB 0.538% ., F4T Design-expert 8. 0 Zf4:%}
- 7 PRl R {8 22 18] () 1 36 B4 HE AT LA
AT UAA: 22 B B R AR I A A 17 A B 22 o 1R
B REIRERD =40.31—0.012 X A+
9.167TE— 003 X B— 0. 018 X C— 0. 046 X D —
0.018 X AB — 0.024 X AC + 0.050 X AD +
0.011X BC — 0.079X BD — 0.096 X CD +
0. 025X A?+0. 035X B? +0. 046 X C? 0. 011 X
D2,

(analysis of variance)

Zoula AR 7 208 R (R O B
NAEA 2 BB RS 4w R Z [ R
MR IEXR R, BRI P=0.162 8,jLit K F
0. 05, 5t B 22 5 [ A 458 72 v - X %o Wy 7 L P9 5 W)
FEAR 2 AT 16. 28 %0 A F e = AR M L o
‘Prob>>F’ ffj P<C0. 050 0 Wi/nFE BRI 44
e 7 PRl S e, 2 SR I TR FIURHA L 1 A2 B30 2
PRI BEFURHR LY 14 228 530 BHAR L PR — YR 3300 g
BB MR 2.2 5 (913 J7 7B v AR 22 H B TN i oz (6
EMIEARE . HEXRBR(0.722 O FIHER
B Rag” (0.334 9) 22 HIEK, 1508 g BE T8 23 By h
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Table 4 ANOVA for response surface quadratic model for extraction of total flavonoids from ginger
FER SEHF HEE ¥y Fg P{E BEN
Source of deviation Sum of squares df Mean square F value P value Prob>F Significant
FER] Model 0.116 965 14 0. 008 355 1. 863 0.162 8
A 0.001 776 1 0. 001 776 0. 396 0.543 2
B 0. 001 008 1 0. 001 008 0. 225 0.645 5
C 0.003 816 1 0. 003 816 0.851 0.378 0
D 0. 025 576 1 0. 025 576 5. 704 0.038 1 B¥F
AB 0. 001 369 1 0. 001 369 0. 305 0.592 7
AC 0.002 256 1 0. 002 256 0.503 0.494 3
AD 0. 009 900 1 0. 009 900 2. 208 0.168 1
BC 0. 000 529 1 0. 000 529 0.118 0.738 4
BD 0.024 964 1 0. 024 964 5. 567 0.040 0 B¥F
CD 0.037 056 1 0. 037 056 8. 264 0.016 5 BFE
Az 0.001 782 1 0. 001 782 0. 397 0.542 5
B 0. 003 484 1 0. 003 484 0. 777 0.398 8
2 0. 006 072 1 0. 006 072 1. 3547 0.271 6
D? 0. 000 349 1 0. 000 349 0.078 0.785 8
% Residual 0.044 841 10 0. 004 484
BT Lack of fit 0. 161 806 24
4liiR 2 Pure error 0
B Cor total 10
MIE BB R-squared 0.722 9 JEEE Z B Adj R-squared 0.334 9
{E1 . Adeq Precision 5.491 BRAKCV./% 18. 32

2.3.3  WANETEANSEE LR AT

P A BT 7 B4 4% Wi 7 DXL 7 Fg 3D Wieg o, T A 458 78
LRAEBIR R T L3R £ o (] 9 7 TR AT AR B
3D Wiy o 1T R T L XL 52 e 24 Wi JiZ DAY < o i O 1 i)
SN, 38 ) FE— 2550 A i [0 0 Xof A [v] g oz PR )
SRR BE 5 45 T b £ 0 g AR 2 DU B ke T A ] g
JS7 PR 8] B 52 T A R e o i ) 52 ) T 45 vy
2 2R Wy 7 1A IV B4 38 B AL 55, W B A5 e
] 507 25 e 2 PR e P 5 T A0 0 A

PP SRR A3 98 S B i) 3 4 P %o Wi A
S ARG RA AN 4a JT7R . 3D Wi W 1
P AR Ok I i T A 3R 8K o B I A R 4 2
M 58 R i) B I 2 5 42630 A F B 2 1R 2R U T
R TP AR B - OGRS A 8] CAX B A2 B AR
A, RS EMEREZWARE P=

0.592 7, %4 A=60.46% .B=2.57 h i ¥Rk
3% 0.538% ., FREAMSBARREE R EE
JFE % e bz A S i A 1] 4b 7, M 3D i iz T
2 /I 7 16 1 R R, 12 4R T B X A 4 B
SR BB A B 5 I R B A R 4 R R R
EH RS EOCRIBIRE (AXO SR E/EA,
Xof e N H R B E P=0.494 3, X A=
60. 46% . C= 69.91 °C B X} 7 &% K & B 15 &
0.538%, H BB/ SO HL 9 28 ./ FA X
M) 7L PR S W 20 PR e IS o S 28 o I i T D b o
BRI K, 7R 2R EL X e iz L 9 2 MR R A
= FE AR RIKIB TR E B BB 5Ok
WL (AX D) 5538 BAE A X ma B E R M 455 P=
0.168 1, HA=60.46%.D=3.03 : 30 g » mL™"
A X o B K AR R 0. 538%,
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Fig. 4 RSM analyses for interactive effects of each independent variables
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M2 , B R B A 25 RO 1 e L &
R H AR 8 60. 46 % RARINTE] 2. 57 h iR
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L $UA £ Tn B A R T AT O AR AR A AR 2
B R W EEHRKE 0.538% ., FEM B 1A] 4
Wi B A T A A6t | %t T inge 5 s
FAIESUE M 16, P AR AR 2 Bl 6096 18 $2 B ]

3.0 hBHRIRE 70 CURRELL 3+ 30 g » mL7 i3t
3 APPATIRES , BT I A5 4E 25 B 3R A 15 o1
0. 499% . RIS (B FNAR 4R 22 70 i iy 5 76 3
WA ERARY) & AL T £ 00 M AR YT B 4x
M 7 i A P 00 A 5 — o =2 D) AR 25 S IR T B
I W ARE , NTH L — Ak
2.4 HSMEHEERRRER

B E WE R — R RAPLAT], B
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25 MR B B A BHT 3 Fhbt S LI 2
B L EE BRI, R 5 AT, 3 AR ALY
TRBUH B b i R R, BB DU AL S Ay 14
I X H BT BRI MR 0 AH R MR EE I 3
FraEALTIX R A R 2 A RIS AR R R PR i
BR>BHT >4 BEN., PRERSIEF AT
R AL DT AR R KRR R T
s B R B B M 2%, W IR T R 1 35
B M IERRZESEERBUE TR T &
A A R EZIRE N BI =4, J5 % 2 B 19
Ak B R X d TR BRI MRS, B
TUIE 2 SFEK, 42 5 HER xR B h 3R HER
B8 IR TFAH R M B BT IR AR FD BHT

=5 I ES B ENRERG TEZ S EMER KRE
Table 5 Obtained experimental data of extraction ratio under optimal experimental conditions
W BARR T 240 BOLE Pk FIE
Run Optimal extraction conditions Absorbance Extraction ratio/ % Average value/ %
1 A=60 0.779 0. 498
2 B=3.0 C=70 0. 775 0. 496 0. 499
3 D=3:30 0. 786 0. 503
35
S 3 &ig
—e— BHT
| —EEREm - . g
" VARBIISE T A 3 4 20 P BRI L 2 i

{BFRE Clearance rate/%

0.01 002 0.03 0.04 0.05
¥ Concentration/(mg-mL™")
5 3MMEANNEEREFRFENRIRBESR
Fig. 5 Scavenging activity comparison of ginger

extracts, BHT and L-ascorbic acid
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TR AR B DR 2% I 4 2R s M B T AT 4 T
O PRI 4 o a5 R 2K P12 BT i oz T 1618 1 AY
AR T Z 4418 P R BN 6004 RAR NS
103 BE 43 5 2 3.0 h Fl 60 °C, B L
3:30g-mlL KB WBH R KEBEN
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Optimization of Extract Methodology of Total Flavonoids From Ginger and
Hydroxyl Radicals Scavenging Effect

LI Huiduan, JIANG An, YU Jianzhong
(Department of Chemistry and Life Science, Chuxiong Normal University, Chuxiong, Yunnan 675000)

Abstract; The total flavonoids were extracted from ginger by using methanol as solvent. The extraction
process was optimized by single factor test and Box-benhnken design, the total flavonoids were purified
by macroporous resin. In vitro antioxidant test was also designed. In order to provide the preliminary
research basis for the development and application of nutrition and medicinal value of the ginger as
condiment, the optimization process of the total flavonoids extraction by response surface methodology
and the scavenging effect on hydroxyl radical were studied. The results indicated that the optimum
extract conditions were methanol concentration of 60 %7, solid-liquid ratio of 3 * 30 g » mLL"!, extraction

temperature of 60 °C and time of 3.0 hours. The maximum experimental extraction ratio
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was 0.497% by RSM under the optimum extract conditions. The experimental extraction ratio

matched well with the theoretical value of 0.538% by solving the multiple regression equation. RSM

had been proved to be an effective technique for optimization of extraction process and the fitted

quadratic model had a predictive effect on target extracts. The scavenging effect of ginger extracts,

BHT and L-ascorbic acid on « OH with the same concentration were sorted by L-ascorbic acid >

BHT> ginger extract, and all the three antioxidant regents displayed a significant dose-effect

relationship.

Keywords: response surface methodology; ginger; total flavonoids; methanol soaked; extraction ratio;

hydroxyl radicals scavenging effect



