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Abstract: The ultrasonic — assisted extraction of polyphenols from Hibiscus syriacus L. was optimized by using
response surface methodology.According to the previous study of single variable test,an ultrasonic procedure for
the extraction of polyphenols from H.syriacus L.was established.A three-level-four-factor test was employed in
this study to optimize the factorial parameters (ultrasonic power, ultrasonic time, ratio of solvents to raw material,
and ethanol concentration) by employing Box-Behnken design( BBD) of response surface methodology, and the
polyphenols yield was taken as the response of the designed experiments. The results showed that the optimal
extraction conditions for the extraction of polyphenols from H.syriacus L.were ultrasonic power 112 W, ultrasonic
time 49 min, ratio of solvents to raw material 1:36( g/mL) ,and ethanol concentration 69% ,respectively.Under these
conditions,the yield of H.syriacus L.polyphenols was 20.507 mg/g, close to the theoretical value 20.518 mg/g.
Extraction rate of the ultrasonic assisted extraction of polyphenols from H.syriacus L.was increased by 12.91% as
compare to the ethanol extraction.The study revealed that this ultrasonic—assisted methodology,which was simply
and high efficient, was suitable for extraction of H.syriacus L.polyphenols, and the regression model was reliable for
the yield prediction in practice.
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e . A (Hibiscus syriacus 1.) , X% K40 &
B AL A, B SE R AR S AR s N TR AR
R AR R IR A AREELEAN A B A WL B
HirfE, T Hid B e MM E. KREASAE
ETEFYER HE DR YA RO E AT
eR=E 13 % KN SN = T I T2 =i
2, HEAEEET S E BT CEHEReEY
&, BAPIR BEMAR 0 WG XIE ., HETE
AN EL 2t AR B AR W) AT T —LBWF5T, Aok g2
WFGE T ARELE TP 46T R A9 B SOAE Y e T oK
A T e P T 14) e B 5 35 S 5 O A AR 4 2 3 1Y
FRAYBEAT T 430 5 G ) e 47 G AR A 1 0 VR AT
THIHAETT ; Bong—Sik Yun 25 A AFEH Hz Hh 42
HERIRGR AR , AT DB PO B9 DI fiE 5 Chang 261 4
A & AE ) W AL H R A LLEE S0 40 B 0 T
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SR P T REEARR L S BE W AVE T . (B e R fE £
Ty (R 5T 38 38 #L 70 | Folashade B. Awe 25" ZE 5% —
A AT AT ORHELE R B 220 IR AT i O
B, ARAEAETR I 10 S 5 B, B BRI T
E= W oA Co

B P R A MR R 3 o B S IR i AL A I AR
K Z3 AR AU S 1 RSN 5 VS AR 42 48 B, A
TEIES I B AE ) A0 B b, DASD 38 B 47 4 32 2 1) 1] Y
WO o 127 B PR B AR AR R
T AR TR | PR EUY) S5 H A ) e IR SRR S, BT
TV 92 N F 22 Bl SR SR R B W U, A 2k A
A Y HEE A e SR
Ty A PR, HL H B SR 3220512 X AR A AL 22 W 174 i AT
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11, Design—Expert7.0 AT 53 AT 804G , 1 2 S AR R BT
A D ARREERE 2 W RN AR A B A
1 MBERE
1.1 R ENEE

AREELE 6~9 H >k A WIrg RN, 22 W B 45 28 e TT7
AR} B X35 A R 5T 51 M 5 S ARAE ( Hibiscus syriacus
L) BIAERR , 7R T, By e, 80 H b i 25 F s IR & F IR b
Wl AR - Wi (FC) 32 [H Sigma 24 F]; LBE,
Na,CO; (/3#rat)  REETDOCERHC R RAIRA T

SK3300HP BUM A P vee B IR AR BA A A
BRZ A] 5 UV - 1240 845306006 R T H AR B s
FD-2AY OR TR L Jb ot im S R S s A &8 A FR 4
)3 D-37520 B %= 0L Thermo Fisher,
12 KWHE
1.2.1  fEAREEN E R 2 W & &= R Folin—
Cio— calteu 5 B 7 f5x < W I iz K100 L 43 1) 4 B
0.04 mg/mLi& & T FRARERARHENR 0.5 mL FIFE 57
W 0.5 mL F 10 mL K&, il A 0.5 mL FC 5],
$£4),5 min J5 , IA 20% Na,CO; ¥ 1 mL, 1R 5] )5
SEZE,30 C F#EG/ W 1.5 h, 7£ 330~1100 nm % K
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O B, SRR IR K R 765 nm, 4k LI G RE
(A) 5B (C) MPrAERT LR, FER B [HIF 2N A =
2.5618C + 0.0169, R* = 0.9993, #i HY 7% K5 74 W& H
0.5 mL, %% B8 3R Jy ¥ 5 , A & b 22 B 4 i A5 3R
(I E TR, mg/g) GAE =C x V< N/W

i, C S MR 48 A v ith £k SR A5 09 B 5 vk BEE
(mg/mL) ; V A HE AR FL (mL) 5 V Ry 75 BEAZ 5 W
MR ERE(g) o
122 AR P ZE ORI L FREUKE AR
1 g, INAZES — W Z WK% 100 mL £
e, AR S I T, SRE S E YR 20 min, [T
S ANAMEH LY, L 75— I R] s oS ok, 2R
J& 4000 r/min B0, 0EE L 2IEW, E 55 F 50 mL 7§
O AR, AR A 3 IRPAT IS
1.2.3 BANZESZE 2B 1.2.0 FgoreE, S Ik
D% 130 W8 75 i [a] (2 B At [E] ) 40 min BHE Lk
1:20(g/mL) , Z U BE 60% ,AF Ry A PRl 22 i 52 560 1)
Feal 45 . R 9% A8 A5 U T % (80,105,130, 155,
180 W) 75 A [A] (20.30.,40 .50 .60 min) £} Lk
(1:15 .1:20 .1:25 1:30 1:35) | Z LM B (50% .60% .
70% 80% 90% ) ri i)t — I Z B, HoAth S 4 O e AN
AR PRI Wy, AT SR 3 R, M E 2 SR, W
P2 B AT R A SPSS13.0(LSD #:,p <0.05) , /NG
YR R R EAR
1.2.4 B U T R BUR AL 2 15 T.25 RSM fifbsr
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Xo—TESLE0 R0 o5 H AR B A0 BLSE s AX — H AE 3 A8
b, AARRE X, (GEADIR, W), 4485 X, GBS
BHE],S) , AASGE X, CRIE EL) , A 28 i X, ( Z B
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Table 1 Independent variable codings and levels
SN
KX, BAER X, AR X, RREL X, SRR
(W) (min)  (goml) (%)
-1 105 40 1:30 60
0 130 50 1:35 70
1 155 60 1:40 80
S i (B X1 X2 X3 X4

VE 0 LSRR A X, = (X,—130)/255x, = (X,-50)/
10;5%; = (X,-35)/5;x, = (X,-70)/10,

2 ZRE5iTe
21 BEEDNENSMERNZIN

PR LA IR, 25 BB A 2 B 11 7 B 01
B fE 80~ 180 W 22 [i] , i 25 75 D D R 1O 1Y, &2
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Fig.1 Single variable test of polyphenols extraction

from Hibiscus syriacus L.
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2.3 HELEX S EMEENRI

& LG AT, B R LG 3G, K A8 22 Ty
AR, 8 EH A B B A R 2 B s
{E 2B LN #) 1:30 (g/mL) J5 , 2 M5 LAt
FEARAE R AEZ D, RRET AR, EH5FIEE
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2.4 ZEGRHSEXSHMS RN

WNE 1D FioR, Bl 5 £ BEARFR 43 B0 35, 2 19
1R RBAREIETHE G PR . XY LR TS3L
K 60% I HE B e fE . T2 R KB Y R,
AR AU 7 R B, SR B Wy 75 A 5 22 M i PE AR
LR DM 58 45 5 . Z2 T AEAE R N 7 DL A
HPIE S E AR EE R E S, TSR 5
B S EEAS J DA AT SR A R Bl A IR R AN, R 3K
Z A AN 15 5 1ok i A FR 53 B0 £ TRl 50 1 A KA
%, SR W2 T 5, JHit, 2 W15 276 S BEIRFR
SrHUH 60% ~80% Z [A] G FITi 80 , 75 i 3] 75 48 12U B
{RIR BN AS S £ BEAAR FR  B0sk v 2= 386 i g s 11 0 ot
MOVt AN TR g 2 Wy r 4y B alidk ™ B e i 2
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2.5 Mok EA A K5

JH Design— Expert7.0 B4 X S5 56 55 P8 £ 47 91 15
45387 Box—Behnken [ 4 [ 2 3 /KPS0 3L 29 451
B A, BT 24 EAT R A, AR UETE X, ,X,, X, X,
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Expert7.0 AFEXT % 2 S8BT 2 o0 TG, 3R
RN AE - Z2 W52 (Y) 5 4 DHEFE GRS IR @
A B a] R LE | 2 BEAR R ) R 25 B AR R

Y = -221.67 +0.12X, +1.70X, +5.36X, +2.84X,
+ 0.0021X,X, - 0.0027X,X, + 0.00050X,X, +
0.0048X,X,—0.00049X, X, —0.0012X, X, —0.00073X,% —
0.21X,7-0.073X,2-0.021X,%,

2% 2 Wi REAE T ORAETE 22 W (A5 2R (SCEE) 5 Inl
VA5 R T A AH & R R® A 0.9489 , fUL AR 5 B
I VR B S 09 BHE AL AY BT 7, X B U3 O 2 AR Bk
AT MRS (K 3) , i FAER] 4 AR 3R XA
Z MR HE T 2 A IR (X)) > SRR
SrEL(X,) > B LE(X;) > @t E (X, ) . Hrp 4k
BB X BN XX, X, X7 Al
25 PRI 22 X6 A AR A 22 Ty 15 238 1140 55 i) A S 7 B 1 28 P OG
o TE a=0.05 i FEIKFT HIERA W EHDUS , X578
AT fh, Hgs . Y = — 221.67 + 0.12X, -
0.00073X,>-0.21X,*-0.073X,°-0.021X,°,

2.5.2 W SRAFRIAL RARTISGIE 4G AR Y
BRI PTEE AL R DA B R BURRE AL 2 Wy e 4 1.2
SN TR 111.91 W, S [A] 48.91 min , f8h %
bt 1:35.68 g/mL, ZBEARFR %1 69.05% LAt , AHE
A2 Wy I BRI AR 385K 20.518 me/ /g SRS 56 N 7 T Y
Al AR, SR S AR SR BT 2 S A ABOR R TR 22 i 7S
FREA B ESE 56, [R) B 25 1 S BRERVE 00 = BR M, o
T Z2ZHUEIE B T3 112 W, 8 75 03 [8]49 min,
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CEARFRITEC 69 % B L 1:36 (g/mL) . TEILIEIE
FEAF A3 AT SR UE S 5, I A5 A AL 22 Ty A5 %
A 20.507 mg/g, 5 BRS FHINAE 20.518 mg/g HLAR W
G U B R i 07 T DU AR A B S BRSSP MERF AT 58 o
2$2  Box—Behnken SZH15% 1 K 45
Table 2 Box—Behnken design and data

of the investigated responses of extracts

X, Hp X, @ X5 X, LI 2H %
TR K ME KR RBUMK

(W) (min) (g'mL™") (%)
1 -1 -1 0 0 18.650
2 1 -1 0 0 17.361
3 -1 1 0 0 16.503
4 1 1 0 0 17.348
5 0 0 -1 -1 16.216
6 0 0 1 -1 16.503
7 0 0 -1 1 15.956
8 0 0 1 1 16.008
9 -1 0 0 -1 19.300
10 1 0 0 -1 17.335
11 -1 0 0 1 18.181
12 1 0 0 1 16.711
13 0 -1 -1 0 16.360
14 0 1 -1 0 16.086
15 0 -1 0 0 16.321
16 0 1 1 0 17.010
17 -1 0 -1 0 17.947
18 1 0 -1 0 17.296
19 -1 0 1 0 19.639
20 1 0 1 0 17.622
21 0 -1 0 -1 16.360
22 0 1 0 -1 16.633
23 0 -1 0 1 15.930
24 0 1 0 1 16.008
25 0 0 0 0 20.160
26 0 0 0 0 20.302
27 0 0 0 0 20.120
28 0 0 0 0 20.393
29 0 0 0 0 20.432
26 BEEBENAELSHEIESEFRIGEN
2421

38 3<) {70 2R R 2 R TE 58 S G, ¥ 7R T e O AR
AEZ W (Y B AL A R AR EUREE 70 °C | $EHHHA]2 b,
CERFRSYH 0% , KL EE 1:40 (g/mL) |, 78 M 454
T, W% 18.163 mg/g (A 3C BAREIE K 5
) o EMFETIR 112 WP 49 min, Z AR
53R 69% R IL 1:36 (g/mL) S5 F , JH &S R4
BB B B R A A 22 1y, A A AR Z2 15315 5% Sk 20.507
mg/ g, AHXTE TR B, R U A B 4 Ok HE BOKR
REAE 00 AR T 12.91% 33X 1] BE 2 75 fE 1
B T B 43 T e S BUR R 2 RS TS,
HTEEFIRTRE 5 53, M 2 W AR P /R 1 3% 50
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Hr s A, R S I LA A W RON , 2 R O 40 Bt R
Tz 228, DT 0133 22 15y WA 2 v e il 2
#3 KL ZE PRI T 225087

Table 3 Variance analysis of regression model

for the extraction of Hibiscus syriacus L.polyphenols

K SEorrR AmE ¥y FE plE BEN
X, 3.57 1 357 1420 00021 ==
X, 0.16 1 0.16 064 04358
X, 0.88 1 0.88 348  0.0832
X, 1.05 1 1.05 418  0.0601

X, X, 114 1 1.14 453 0.0517

X, X, 047 1 0.47 1.85  0.1948

X, X, 0061 1 006 024 0.6294

X, X, 023 1 023 092 03534

X,X,  0.0095 1 0.0095 0.038 0.8487

X,X, 0014 1 0.014 0.055 0.8182
X,? 1.36 1 136 540 0.0357 *
X, 2923 1 2023 11620 <0.0001 =
X,> 2157 1 21.57 8575 <0.0001 =
X,> 2730 1 2730 1085 <0.0001

R 65.35 14 467 1855 <0.0001

2 352 14 0.25

AT 345 10 034 432  0.0588

4fiiRE  0.076 4 0.02
B 68.87 28

T % 08 p <0.01, M B3 = FR p <0.05, B2,

3 g

>R H Folin—Ciocalteu 350 5E ARAELE 2 153, R
TELE 22 W 1Y) f5e R W WA e 7 % 1< 750 nm &b, 7
Design—Expert7.0 #4-, 2& il Box—Behnken Design #f
AL TR EIER(X,)) GEFERE(X,) CBHE L (X)) (&
BEAAR ARG (X,) 5 ARBESE $2 B 22 193 45 558 22 (| 802
A RP.Y = —221.67 +0.12X,-0.00073X,°-0.21X,* -
0.073X,°-0.021X,”, [EVA/0HrR A, X R E R’ =
0.9489 , [Al =4 #Y &g 5, $UL & B B 4, A5 52 B N FH AT
o dE AT AL, A5 R E W RE i HE) T b R T
(X)) > SEEARFF (X)) > B b (X)) > #E s
B (X,) o

38 S B PRI 2R R 7 AT S B A5 381 e AR R S U R IR
AT B TR 112 W8 75 A [E] 49 min, #BHE L
1:36 (g/mL) , ZEEMARFL G340 69% o 7E b 2514 F i 56
TESLEY , 15 3 KL 2 Wy 15 232 5 20.507 mg/g, ZMH
SIS TIAE 20.518 mg/g KeAW) -G, 15d B i 17 T ASE
T AT TR PSS R I TR 2 T PR B T 25 454
I . A LT IR B s, A 75 Ul i B 2 Bk R
FEIE Z WS- RILE T 12.91% , T I 35 45 40 $2 BBt ]
PEEFCE, HIRBUSCR 4

S 3k

[1]52 k% 454 % 8 [ M]. 267 A4 5 $ ek, 2000.
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