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B OE:ANELARBEIARARERPOREMARR LY LR A X0 A a4 3% Box -
Benhnken Design X %% it , I A T MEH £ KRR H REALFLE4AEHARTEGPH. £LT L5
BRAELSBE XX EN RSBV FT R GRVDBEE. S RIS RAD, RERREH H.80%
WG RREM, MA S ES20 W KM FE 9 min, A BIL32: 1 mL/g, AR T ZEAXTAEL R SR

# % 2.443 mg/g.
XBA:AFE EHP ;B 0k MLHBRIR
hES RS TS201.1 XHARIRG: A

0 &l

i

R (Celery) X B B3R, B, h R X
HY I FER2 F4  RESHHARE FEY
AXENEMELEY BRI BR, KWMEL
EYVARFOHRE FURE JULEE REEE
EEREGOCOERRSEZMHGEEE, HRTFH
HRAMECSIREMXE. B, RRAFXEN
KYBEHNFRELGYRBAE—ENRFIEA.
HRR A REFN T LI EAKBRE RK
REESHEEE - RBRE . EXEFER
BHEFER, P RBMK R B B K B 5 75 .
MR (MAE) RIEFRERBEROF R
BN B, B B FoR v B, SRR 1) 4
BEFREMR DARNERA T ENATRRLEY
RAEYERBRA S FHERT .

EEEPRE XL QR L, FH W E S
7% RSA (Response Surface Analysis) X s % 42 Bt
FROREEBENEWERET REHR,. &
TEREEESHETRM REIBEE R,
MATHRERBOBRERBERREAS, NV EX
HEHTT A AR SR,

1 HR5FAZE

L1 ##8
FREWE) AT (CFEAGREYH HRE

W B #5:2010 - 05 - 06; 1T H %9 :2010 - 07 ~26
LT B4 & I L H (092102310348)

BT ez Xt B &)\ 95% Zﬁ\Al(NO: )5+ NaOH,
NaNO,  ZBZFE A MBS , W h o kXA
KT 2 WHEK.

TU - 1901 %5t - 0] WOLE i, Jb 50 47 38 A
UBRERAARERBEENEHRERSE;
HR1727 $r 0L, Bk i KA AR A A.

1.2 H&
1.2.1 FThHAEAGLZAGHNERLAGBEF £

B8] FLFEA ThHEML, BA
BIAREEALSEREE c HEEFB:A=
11.708 78¢ - 0. 029 36 , 4§ XE ¥ R =0. 999 0.
1.2.2 FREHBESTHAE

HERB TG IRE,65 CTH 14 h, %R
BRESLBERT X 0.425 mm FE& A BEHKRR
FrRHEM 1.0, BF 150 mL ER BT, H—2
W AR, BERE SR, REUEBUL R
BE hE BB EAEE 50 oL /N4 0w B
W@ 2 ml, BT 10 L FEMDP HBENIEZE3
mL,filA 5% NaNO, %% 0.5 mL, 8N HE 6
min; RJEMA 10% AL(NO,), % # 0.5 mL,#%%5)
JGHE 6 min; )5 M A 1 mol/L NaOH % K 4
mL }FEERZZE , BEEHE 15 ~20 min, F
510 nm 4b ] 2 KB EE A.

1.2.3 FREHWAIEAL

HEARBREBLE A TTHEBEAOERE
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Y=[(cx10x50/2)/m] x100% - (1)
AH e ARMEE , mg/mL;m HFRESFER, g
1.2.4 p@EHtFEEHRRRRLIL

ERRR XKL R %R L, R A BBD(Box-
Benhnken Design) {38 8¢t R, A B Th 3 £
BmE AELERENEETR, ULERGBER
Y Sy wi )57 {8 , 7 BJ Design-Expert 7. 1 %44, B #
FEAREMHEFRLBERNBERERERTE
%1%

2 AR5

2.1 REZRR

2.1.1 REBENAAFRLARAFTRGYH
REZERARAENEH LS WERRBER

PHBEREFEBRKRER. 271 80% 2B . &

B AOMB . ZRZESERANRR. £R%8

80% ZEBEE AR BMBERERK. HELAR

R 80% Z BEAE KB

2.1.2 BARREASNFELXATEGYH
FELEEWE R 80% , BT K 500 W,

[t b 30: 1 mL/g R &4 T, 5 2 64 I 42 R i [|]

MEHRMEEBENE R, SR LE 1L

25 r
20 /\
4

—

EMBR/(mg - g")
&

I.O 1 1 A
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PH0k SR AR B[R] /min
1 RERDNNENEBRAZOEM
Fig.1 Effect of extraction time to flavones yields

MERATLVE 050 42 U [ 7E 8 min 1Y,
B I (] 038 B, 5 25 R 15 SR T A ; 42 U TR
EK,BEMBERAFTEMK XRHES min §
B, 3 B 7 4R B O 58 min B, K R
B 4R B 52 ¥ ; 4% B 6] & 2 B M AL T R
0 R, B R A A R SR R T AR AR
2w .
2.1.3 MEHNRXARXREARRRGY

BEHMRR S, AR BB RN FEE
HEAROERERNE2. SEEESEMME
i 5 () 488 0 5 1 KT AS R 55, 0 B 2 R 0 500
W i A5 R - I Y R R e X 4 A R

EREH, Rtk FEsh AR, HWE A A
RAH; E B RAWEI, BREE T H
P RN SR , 40 B R R B IR, B 4R R RO
mEREHRAK, BNZESRETAR S E
1, B R i BT HE 2 AR B MR AL A A A R A R T R
B
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Fig.2 Effect of microwave powers to flavones yields

2.1.4 ARARNFELXAREOYN

B H A R, 5 BB X R B R R
RPEW. HER KD EEBR YR, #0% R E
H4y91% 10:1,20:1,30:1,40:1,50: 1 mL/g, %5
RRE 3.

B3 A, A BN E Rk, 3
RERBEEAHMBATHEE. BAXNHHER
BEANEEW:. - FEEAAREMES TR
B o E 22, R B 4% KB i SV R AT, A P T
BB 8EENRER; S - H,IEMNERNEER
W LB AE , B YR8 R X R AR R o A,
PREBEHEARLE, ABAERS B L. KR EBK
@& H R 30:1 mL/g.
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Fig.3 Effect of liquid-solid ratio to flavones yields

2.2 MERAMAREERORERIIERE
2.2.1 HEEIHBERFHER

R4 BBD IR FE, BB Th R X, .
REBEHE X, WEAK X, S S EFRREW S
ER3AMER . ERERARNEERAZE
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R 3 KF w447 7 ik RE R RS KPR
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%1 Box-Behnken &% B % Bk ¥

Tab.1 Factors and levels of Box-Behnken design

SRS
KF BMEHER LAHENE HE
X,/W X,/min X,/(mL - g™")
-1 450 6 20:1
] 500 8 30:1
1 550 10 40:1

2.2.2 MABIHRBLER

RERMNTRETRR, FERERLE
2. BB EH#ITETEERE, BRI LUAFXEM
B2 Y h BAr R B W R NE R A

Y =2 31 +0. 22X, - 0. 58X, + 0. 011X, +
0.16X,X, + 0. 017X, X, - 0. 10X,X, - 0. 21X} -
0. 80X2 -0. 10X’ (2)
A KR X, BRAE X, MEEK X, £
RHFHERAREFELE, U BPEHAR
BAESENKDEERBT &BE R ERENE
W R, B BB IE R B TR W B T .

BB T RERERINE 2 Fim. W HEE
BUFEEBB ARG L0, URR &2
WAREMEHAFHREERE SRAES.

®2 ZBRANARRER
Tab.2 Box-Behnken design arrangement and the

experimental data

W REEE  WE HEE%
wE X,/W  X,/min X,/(mL-g™") Y/(mg-g™")
1 450 10 30:1 1.874
2 500 10 40:1 2.246
3 550 8 20: 1 2.176
4 500 6 40: 1 2.108
5 500 6 20: 1 1.840
6 450 8 20: 1 1.907
7 500 8 30: 1 2.409
8 500 8 30:1 2.397
9 550 8 40:1 2.289
10 500 8 30: 1 2.411
11 500 8 30:1 2.415
12 450 6 30: 1 1.823
13 550 6 30:1 1.935
14 550 10 30:1 2.298
15 500 10 20:1 2.180
16 500 8 30: 1 2.338
17 400 8 40:1 1.953

MFE3AUEF S, —KTP X, X, HEHZR
Btk 3, U0 I S0 o R R R B B A 3 R A 3R
FREEFRW,ZEM XX, OREAREEE,
4 B 0% T 28 A 42 B[R] £ 32 LT N B R A 4 R
FREXW. BETESTEEERREREHN,
BEBEORBE, HRUIARE HHZ TR
XX AU A B

&3 HESFR
Tab.3 Analysis of mean square
£33 28 HEE By Fii Pr>F
X, 0.13 9 0.13  99.75 <0.000 1
X, 0.077 1 0.077 59.56 <0.000 1
X, 0.00033 1 0.00033 0.25 0.6292
XX, 0. 024 1 0.024 18.55 0.003 5
XX, 0.0011 1 0.0011 0.87 0.3829
X,X, 0.010 1 0.010 7.87 0.0263
X 0.19 1 0.19 145.91 <0.0001
X2 0.17 1 0.17 129.53 <0.000 1
x; 0.043 1 0.043 33.08  0.0007
B 0.0090 7 0.0012 — —
KW 0.0049 3 0.0016 1.62 0.3195
iR 0.0041 4 0.0010 — —

BEE 078 16 — — —

H:Pr<0.001 HERHZIE;Pr <0.01 hYERFE
BE;Pr<0.05 hERRFE

H 2R 2 P 5 B X I 07 8 BT R B
AT, AT LU B A ERB P E &
B DX 3. AR 8 (B 09 77 2 48 o i O o TS R ER , B
1006 e L B T KT R, 2 IR T 3R 4R B (]
MEBMEMFREBRBEOER, S5RLE 4
BS5 muMENEFEXEENBRBREEER
32 HAE R X W o {6 B .

ME4TLE S, RESREMBE I RNR
B [ BT R, I E X EEREE. RiED
HEEE  RBENEMNEKEKA B THER
FEAYEOT Y, B 4 i B 2 % A 4 B
1A By F R EEEKE R,

W 5 AT, 76— S8 N A R B
T F AR LA 3 2 b T R . B R 3% n
KW -ERMEEORESE, AR & H
WA R E R RS, EREEERR A, B
W ¥ 70 B E BE 2 AL BT ROR 9
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Fig.4 Contour and response surface plots of ¥ =f(X, ,X,)
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Fig.5 Contour and response surface plots of Y =f( X, ,X,)

2.2.3 BRIZFHHKL

FH %4 P Optimization ) Numerical Ijj fE,
HEHARERENEERBEA N E 2 & AR
KERA B RBERRFXEENELTE
Foid R AP Th % 520. 31 W, Bt (] 8. 65 min,
WE G 32.59: 1 mL/g, &M FREHMEBEY
2.449 mg/g.

R 5 e O gt D O A T SR, R A B R iR 4E
FUHTHERBEMRAR, ERILHBEEN
EH BRRT 2B ENHBYIE 520 W, £
B8] 9 min, # B 1 32: 1 mL/g, SRR W48 49 F
BEE 2.443 mg/g, GBI TWEA L, HHEX
REAN0.02% . o] W, B F W L7 I 8 48 1k BT 8
KHBERBR T Y SHERTR, BALAMAE.

35 #
R PS4 8 B SR BB AR S 3 B R AT R

B, LNZECR BB, @2 8 B KK M BBD i
B R RSA FEM g RR T E#HTHRE,
BHREERBEG . ZHKER 80% , M E &
520 W, B At I 9 min, B H 32:1 ml/g, B
FEHK LSRG EN 2.443 mg/g.

B THELARBESEERTEN K
RIRER R, ZEAREREE  BABAARS
Z HARTBMRBMUARET, A — 2N AN
4.
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Optimization of Microwave-assisted Extraction of Flavones from
Celery Using Response Surface Analysis

ZHANG Ze - zhi'?, WANG Fu - an', GAO Xia®>, LIN Yu’, ZHAO Jian - hong'

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China;2. Department of Chemistry,
Henan Institute of Education, Zhengzhou 450014, China)

Abstract: The extraction process of total flavones from celery by microwave-assisted extraction using response
surface analysis (RSA) was studied. Based on single factor test, Box-Benhnken Design ( BBD) was applied
to the study of the effects of microwave power, extraction time and liquid-solid ratio on the extraction rate of to-
tal flavones. Quadratic regression model equation between the extraction rate of total flavones and the factors
was established, and the regression model was significant. The optimal extraction conditions were then deter-
mined by RSA as follows: 80% ethanol as solvent, microwave power 520 W, extraction time 9 min and liquid-
- solid ratio 32: 1 ml/g. In this case, the extraction rate of total flavones from celery sample reaches 2.443 mg/
g' f

Key words: celery; total flavones; response surface analysis (RSA) ; microwave — assisted extraction { MAE)



