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Bk, C AediaE], D A% kB E AR AL F b pH, 1
BREANEEREMNHE AR Bt #K¥E, —1
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1.3.5 BIKFEHIBE Box-Behnken %t RIEHEE

IR gmig I3 1,
£1 Box-Benhnken #3881+ B & #KF
Tablel Factors and levels of Box-Benhnken experiment design
ZRRE 18] Time
ltjell Concg:t}::t‘g)]n /% Temperature / 'C H_‘“/ ]m’ll;l
-1 70 50 30
0 80 60 40
1 90 70 50
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Fig. 1 Effects of ethanol concentration on extraction results
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Fig.2 Effects of different material to liquid ratio
on extraction results

2.1.2 BltrEE HE 2T, BROEEQ ml B
SRV R G REAE X I IR BB T SRR B L3 i
B0 HIE AR K, BRI LB/ AT AT A A, &
AR 1:20 BB L

2.1.3 HBEEfEMERE BE 3 A, 1E 20~40 min
P, B A O 1] B RE S, W Y S (R BT o i — 4
FE < SR B A (8], W 0% BE (LR P 3 A B LA 40 min,
2.1.4 S#EBUREAMKEE d@E 4R E20~60CZ
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Fig.3 Effects of ultrasonic time on extraction results
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Fig. 4 Effects of temperature on extraction results
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Fig. 5 Effects of extraction times on its results
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Table 2 Placket-Burman design scheme and its response value

AR
e CERE i mE mE R g gy e

Ethanol material to  Time Temperature pH  Extraction Absorbance

Number . s
concentration llquld times
1 1 -1 -1 1 1 -1 0. 343
2 1 1 -1 -1 -1 -1 0.294
3 -1 1 -1 1 -1 1 0. 301
4 1 -1 1 -1 -1 1 0.333
5 -1 -1 -1 -1 1 1 0.279
6 -1 -1 1 1 -1 -1 0. 356
7 -1 1 1 -1 1 -1 0. 329
8 1 1 1 1 1 1 0. 373

2.2.2 FEHREWMWE MNEK3IEFD,XTWMER
R e ) S 2 HE B I A B i) > BB > 2 B R B >
pH>RBOUREC>- R . BY[E] B . B E 3 AN
EW FHEBEFEEYE S%UE, MECHENERFEEY
fEF 95%. BEFaTE BE. ZEREX3IAIEEN
FEFE R RS — 25 B0 L 48T, LA X 26 (& st

L By B AR
%3 BERRHOAFESH
Table 3 Variance analysis of different factors table
FERR AHE
Source of Degree of 8% F Pr>F
. Mean square F value
variance freedom
ZERE
Ethanol concentration 1 0, 000761 380. 25 0.0326 #
Ratio of material to liquid 1 2.45E-05 12.25 0.1772
BFiB) Time 1 0. 003785 1 892.25 0.0146 »
R 1 0. 002381 1 190. 25 0.0184 =
Temperature
pH 1 0. 000200 100 0.0635
RRRH 1 0. 000162 81 0. 0704
Extraction time
1% % Error . 1 0. 000002

2.3 WAL B R ZSHAL
2.3.1 Wit HFERMMELSER B Box-Behnken it
HTRIABRGERNE 4. B o2 3 HIXTRL 2 BE
YRS VIR E (B E],
2.3.2 REEEREBPEHEIMGEIMBEERTE X
I B A A Design Expert 7. 1 3AFFHAT A M7, &
RAERZEEUEE GREMRE HREE Y SRS
HREBR “KERFEER Y. Y=6. 71+0. 0422, +
0.12x, +0. 14x; +0. 0652, 2, +0. 046, x5 +5. 625X 10°°
Lx;—0. 2222 —0. 46,2 —0. 16132, o, L EWRE x; .
B x BHE x RIS RRERE LI, o
R TR ER RN EERBR T & EHEMBIE
RRR, RPMIER R T WA E. N TR
TR UM X S SR U R AR R S BT A B R A
BEATIT 24307, 3F X & B F B ] 3 BB R, 45
%ﬂ% 5, —W&IﬁﬁF‘ X X3 E@@Uﬂ%ﬁﬁi%m E%’
UERH R BGR E FNET B S ER A R R B E R, L
WEHBEZW; ZETH xx WmEIEREEE. )
B Z ARk FE AR BUIR B i S ELVE X B IS R B
R s IR I B (2] 09 2R B A BUAR B 3 OK O,

BEHRRMERZEAR RN RR, MR KK
. HEERRAE B, RE RBUL 0. 9899, AR5 R
SERBA 0.9768, HARMUMA B2, A KT B XK
MEB.

%4  Box-Behnken i3t 75 R R M FZ &

Table 4 Box-Behnken design scheme and its response value

REE  ERE o 2L A

Ethanol Total extracting rate

Number concentration x1 /% Ten;zpe/r.;éture Time/min  of flavonoids/mg. g'!
1 80 60 40 6. 68178
2 90 70 40 6.21893
3 70 60 30 6. 14489
4 70 70 40 6.05232
5 80 60 40 6. 71879
6 80 70 30 6.12637
7 70 60 50 6. 38557
8 80 60 40 6.68178
9 80 70 50 6. 36705
10 90 60 30 6.1819
11 80 50 30 5. 83016
12 80 60 40 6.73422
13 80 60 40 6. 75025
14 70 50 40 5.97825
15 90 50 40 5. 88568
16 90 60 50 6. 60771
17 80 50 50 6. 07081
x5 HESH
Table 5 Variance analysis
Eoiad ss d MS ol Pr >F
8] ) LR
Regression 1.63 9 0.18 75. 88 <0.0001* > =
model
x1 0.014 1 0.014 5.83 0.0465*
xz 0.12 1 0.12 52.46 0.0002~ * *
x3 0.16 1 0.16 69.15 <Z0.0001* * =
xrxe 0.017 1 0.017 7.05 0.0327*
103 8. 568E-003 1 8. 568E-003 3.60 0. 0997
X203 1. 266E-010 1 1.266E-010 5. 314E-008 0. 9998
=t 0.21 1 0.21 88.76 <C0.0001* * =
3 0. 87 1 0.87 366, 77 <C0. 0001 * * =
x3 0.11 1 0.11 4485 0.0003* * *
o 0.017 7  2.382E003
erroe
%j’i? 0.013 3 4. 284E-003 4,49 0. 0906
of fit
e
@l\’ﬁf‘ 3.820E-003 4  9.550E-004
€error
grff L. 64 16
variation

Hoxr » » BRERBREEF(P<0.0D; » BRERBE(P<0.05).
Note: * x = ,difference was extremely significant( P<C0. 01); x , difference was

significant { P<C0.05).

2.3.3 EACREEMERA R T AR E
At e O T » 5 8 406 W L TR B TR 5 43 AT 2 BV
JE AR IBUR B 48 B (8] %o 6 SR AR R g, 45 R L
B 7. B 70, IR B R X I 5 4R s Y
ey 5 g BH S ) — £, B SRR 7S SR B IR B ) i
ZEERBE IR INERESE N, A B B AL EAE . R
FDUAHYS B, X 2 Bk Rk 5 AR VAR B,
AT EREH . TR AR B9 7w A8 0 T Bt A
HUZZhERE TR, AT 38 35 T 3B 5078 ) R A R,
IRREL R, CBERB T ERRS, 3 HERREN
BB, N MR B NS R, Hit, & 5%k
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Fig. 7 Effects of ethanol concentration, ultrasonic time and extraction temperature to extracting rate of flavonoids

2.3.4 BT ZRMHHE KATREERIE 768 R EE
TEFE N BERAR S & 5 B R R AR - T vk aft
it TR R AR R EM LAY RERL T EA
R LB 81. 642, IREURE 61. 48°C, i A B [A]
44.75 min, BRETERZGT B EREE RN 6. 760 mg/g.
PAZBEVRBE 8200, 82 BB BE61. 5°C B ERAT (] 45 min i
T3 WKAFR L, V1 5 15 5 6. 667 mg/g, SHEL
UMEAE L, EAEXT IR Z 4924 0. 016, i, KA RSA
IS R R B R T 5, B ST RMHE.
3 &k
ERFNZRARMERM E,RA RSA s:{iL T~
REEMBERN TEZSE. 87 TEIFER TR, X
RERI AR B 2, e E REGA 0. 9899, HARBITIA &%,
WHHZ TR MBI EmE RS REE 2R

TALH R,

T8 3 e 1 T P A A T 45 R R R O X
REREMOHBEERMNEZ W, HABEN R L ENR
fELH A Fum N B B E . BB RIERGRTTR
IFR . E BN 81 %, IBUEE 61.5C AR E]
K745 min B RGBS EESE N 6. 667 mg/g.
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Optimization of Ultrasonic— Assisted Extraction of Total Flavones from
Citrus grandis Peel by Response Surface Analysis

YU Gui-xiang' , YU Yong-mei' ,ZHANG Zhong-hua’® . YU Shou-neng' , LIU Jiarrping'
(1. Yantai Academy of China Agricultural University, Yantai,Shandong 264670;2. Yantai Municipal Land Assets Management Center, Yantai,
Shandong 264000)

Abstract : Using method of ultrasonic to total flavonoids from Citrus grandis were extracted based on the single factor
test, by the methods of response surface to key process parameters were optimizated and acquire regression model. The
results showed that better reflects the relationship of the flavonoids yield and ethanol concentration, extraction
temperature, extraction time. The ethanol concentration of 81%, extraction temperature of 61, 5°C , extraction time 45
min were optimum conditions. Under this condition, the pomelo peel flavonoids yield was 6. 667 mg/g,relative error was
0.01% than predicted value of regression model.

Key words ; Citrus grandis peel;flavones; ultrasonication extraction; parameter optimization; method of response surface
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