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Optimization of ultrasonic—microwave synergistic extraction of
polyphenol from Canarium album by response surface methodology
XIANG Zhao-bao'” ,LIU Xing-yu’

(1.Chongqing Key Laboratory of Catalysis & Functional Organic Molecules, Chongqing 400067 , China;
2.College of Environmental and Resources, Chongging Technology and Business University , Chongging 400067 , China;
3.College of Bio—Information, Chongqing University of Posts and Telecommunications, Chongging 400065 , China)

Abstract: Objective: The technology for ultrasonic — microwave synergistic extracting polyphenols from Canarium
album was optimized,which can provide certain references for actual production.Methods; On the basis of single
factor experiments, the optimum conditions for the extraction of polyphenol was obtained by response surface
methodology.Results: The optimum conditions of extracting polyphenol from Canarium album were as follows:
microwave power 550 W, microwave extraction time 4.4 min, ultrasonic power 330 W, ethanol concentration 62% .
Under these conditions, the polyphenol yield was 6.33% ,which was close to the model predictive value of 6.35%.
Conclusion;the optimum process was simple and rapid, which had good yield.Furthermore, this study offered not
only an accurate and effective reference standard for industrial applications, but also a good reference value for
widely exploitation and utilization of Canarium album resource.

Key words ; Canarium album;polyphenols ; ultrasonic ; microwave ; extraction ; response surface methodology

hE 45 ES . TS255.1 X HAFRIRES: B X E 4 5:1002-0306(2016)01-0195-06

doi:10. 13386/j. issn1002 — 0306.2016.01. 032

ML ( Canarium album ( Lour.) Raeusch.) SRS AR FE R IR P A GRS AR IO Tz R Y

R T A4 , o TR B0 T 423 A1 19 245 5 PR B b
AR AR, CR AT ((IGHIA T 45 20) (A
FE Y CH A A B A5 [ T RONE F AT T T i
TE TR A AR, BEVG MM, AT LR IR
IR BEAE MONE )2 N, [ PN A1 2 3 DAORE
rhorEs R T 2 A Y i, IR UE T T R HL A B Y
Priade B RS o btz e
SEZG PR, IO 22 5 1R > R O BIF SRR

AR P AN AR Sy B SR B R, S AL G
PR BGE AR e, HAT $ HC] | 2 O 3 = L BEFE AR

5 H#A:2015-01-23

S — T I R A I 3 A D (E SO B G,
=] A5 T P T IR T AR AR B S A 2 1
DA% S IR 75 T D 16 1 AR i B — i 75 1 B
PP HEHRBE I i Z R A5 . R TG 22 1 10y 42
U, B ik a4 SR G G L BEIR AR Ak T2
4 h, f93R 5.75% 5 ¥ 55 PR A SR AR 7 4 B B BT
LW, el T AR 3 YK, £FIK 40 min, H2 h, {55
2.32% 3] i 55 A5 SR T A I8 A B0 EOAONE 22 1, R
FET A 15 s, #3398 1.2% LG 3R B FE A {5 %
B, BUACHE AL 4 B EAS R B AR, Sy £ ey A G HR

EZERA RBAR(1977-), 8 W+, #4%, TBRF R R T PR 55 L4, E-mail : xiangzb@ 126.com ,
HETH: & &7 A #5555 % — &R B (CSTC2014jcyjA10099) ; &k T X F A58 3 B (2015-56-07) ; & )k T X F#H41 L 2R

B (2015) ;& R dpd K K ARBD %47 B (A2014-49) ,

20164 550148 195



I@é:ﬂ%&

T EHE

Science and Technology of Food Industry

F AR Z2 Wy 14945 32, A SCR FH AR 22 195 1) $2 BRUAF
5 A UL AR T 8 R T T IR B BB AR, R e N T
XA 22 Wy ) R B T 2 AT e Ak, St — 2 HESh
YOS 22 13 B9 Tk A 7= A0 T, Jin o & F1) FH AR
TRV B LR PR
1 MBS5FZE
1.1 #RENEE

W SR 18 B DT VT3 X A AR RO oA R
A FT 8 L 2k 07 L 55 A B R AR VB A L A K
7l EZGERMEAARFIA R A F 28 BER)IA M
TARANF BB et T, YAl

T6 HFrii B nl UWLAry6S e dbat i drim FA %
AR T 520B BITTREMENL  YLRA T Bl sk &
254k HLAR) 5 Sartorius LE225D FYHLF 4387 KF 75
ANE- SN T Ve =l /N B i ol v @ a2 E e A VA
4. R SR ER il E A R A
1.2 ZWHE
1.2.1  @#SrPRuERZ BB & TR 50 mg,
FEVBK I, E AR 2 100 mL, #4545 0.50 mg/mL 1)
FRUE W . R 25 W B 1.25,2.50,3.75,5.00, 6.25 .
7.50 mL¥& B F IR R R 53 W 2 25 T 25 mL 25 &)
P, TC B AR BE JBT vk B 43 531 o 0.025,0.050 ,0.075
0.100,0.125 ,0.150 mg/mL (W& B TRRIEMW .. SRIEMN
HAE B WO L 1.00 mL i A 25 mL ZE 50T, 5B
Ji 10 mL ZRAEIK #8557, F5 1.50 mL 4@ AR 057 , 58
53yFE47,5 min JSHMA 6 mL 10% Na,CO, ¥, EE,
BA], SRIGFE 30 °C 3B 6 B ¥ 60 min, DL 2% 1 7K
YEZ b, A8 765 nm LI E HR S . LAWSGTE Ry
YAARBR , s HETS TR B A R AR, s il v R 28 o
1.22 MR R mL £
IO, ZE K 2 5 2 25 mL A0, PR 1.2.1
AT R A O el . BB AR SE IS =R, AONE A A
AR 2 W S DL IR AR E S

LN Y (% ) =p x A x V/(1000M) x 100
A, Y MO 2 B 15K, % 5 p R 19 I W T £ W e
B, mg/mL; A S BEAEEL; V SR IR SRR, mL; M 2y
RIS AR BT i, g0
1.2.3 B 32 S50 XA 22 i B B A4 1R £ £k
1.2.3.1 S PR A Z AR5 BRI g i
HikESh 6 1), 2 I A 65% Z B W 30 mL, 43 Hil 18
150 W 8 75 % o %2 F 45 $#2 B 10,20,30,40, 50,
60 min FERURHE 1.2.2 LT 285 R W, 'R
1.23.2 HFREDIREN ZWHAARMEE  FRILL g
HIHEEE S 6 53, 2N 65% Z ¥ 7 30 mL, 43 B AE
AU TR S 75 150 225 300 375 450 W &4
PEHL 40 min, FEBURFE 1.2.2 KIEAT 2 815 R W 1T
1.2.3.3  fAH SIS 2 MR A5 FRECT g s
FESh 6 03, 25 65% LB #E 30 mL, 87 P T =R
300 W & HY 40 min, 43 51 7€ % 3% T # Jy 350,400 .
450 500 550 .600 W 414t Rl #2 L 1 min, 32 B
$¢ 1.2.2 Pl AT 2 AR ST, 1A S50 =R,

196 20165 50141

1.2.3.4  fhUERTRIXT Z 3 fS SR AR FREL 1 g A
0 6 14y, 2 65% ZWERE#E 30 mL, #8 7 P oh =
300 W $2HL 40 min, 43 S ZE LB T F Ry 500 W 5514
TEMEIHEE 1.2 .3 4.5 .6 min, JEHORTE 1.2.2 LT
Z AR, B A S — K.
1.2.3.5 ZBEMREX Z MR s FREL T g AHE
fih 6 4y, A A 45% 55% .65% 75% .85% .
95% Z, W % W 30 mL, 8 75 I o) 3 300 W $2 He
40 min, T 500 W A4 T P FEI$2HL 4 min, 2 HL
AT 1.2.2 IR T Z A3 R TS, 3152 50860 — IR .
1.2.3.6 WEE LLXT Z AR5 M FREC] g MOERE
i 6 3, S BN A 65% ZEEVE W 10,15 .20 .25 .30,
35 mL, #8755 P T 3. 300 W HEHL 40 min, 14 3% o &R
500 W2 T UM FISEEL 4 min, $EHORIE 1.2.2 3L UEFT
Z AR, A S — IR
1.2.4 g R LAb O 2 mr IR T AERA
AL RYFERE [, R4 7 U R 2 = /KA Box— Behnken
AL AT, DL 1, SR FH i N TR S BT T ik 4
A PR XXt ) 7 (B (AR 22 19 455 ) i 2 e, [R] Bt Pt 1k
MRS Z Wy BB T2 AR S sG AT — IR,

Z 1 Box-Behnken B0 G R EKEFH

Table 1  Factors and levels of
Box—Behnken central component experiments design
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Fig.1 Standard curve of gallic acid
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Fig.2 Effect of ultrasonic extraction time
on the yield of polyphenols
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Fig.3 Effect of ultrasonic power on the yield of polyphenols
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on the yield of polyphenols
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Fig.6  Effect of the concentration of

ethanol on the yield of polyphenols
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Fig.7 Effect of ratio of liquid to solid
on the yield of polyphenols
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Table 2 Experimental design and corresponding results

for response surface analysis

WS A B C D YZHER(%)
1 1 0 1 0 5.33
2 1 0 -1 0 543
3 -1 0 0 1 4.28
4 0 0 -1 1 4.78
5 1 0 0 1 4.67
6 1 0 0 541
7 -1 0 -1 0 5.05
8 -1 -1 0 0 4.85
9 0 0 -1 -1 4.52
10 0 -1 0 1 4.48
11 0 0 1 1 458
12 1 -1 0 0 5.45
13 0 1 1 0 4.83
14 0 -1 0 -1 4.66
15 1 1 0 0 5.58
16 1 0 -1 5.96
17 0 -1 1 0 4.95
18 0 1 0 -1 6.1
19 0 0 1 -1 6.09
20 -1 0 0 -1 5.35
21 0 1 -1 0 5.49
22 -1 1 0 0 5.27
23 0 -1 -1 0 481
24 0 1 0 1 4.68
25 0 0 0 0 6.26
26 0 0 0 0 6.31
27 0 0 0 0 6.18
28 0 0 0 0 6.21
29 0 0 0 0 6.25
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A B .C F1 D JUr#g ol i 22 4 25 8] T, 22 050 Sk X8 1)
s 5, D S SR B HEAT 5 R, JH MG TS s iR 25
ARPER 2 PRI Ty BT S0 )5 L il il design expert
8.0.6 FAXTELHE HEAT R BI U L&, 2R A5 AT £ )
A5 2X ith B AR BB T RO B ] S T R
SRR ) Rk 20 [ml )= AR S 56 25 et 51 19 4K
SRR N

Y = 6.24 + 0.20A + 0.23B + 0.093C — 0.41D —
0.069AB — 0.071AC - 0.054AD - 0.19BC - 0.31BD —
0.39CD-0.36A>-0.55B>-0.57C*-0.71D’

FETRY AT SR AT S ) 7 25 43 0T AAH OC R Ok 25
22, X p(Pr>F){H/NT 0.01 B 520y iy 25, p
(Pr>F){EH/NF 0.05 52ma g 3%, /2 3 1y RIE 547
LR AT, AL p(Pr > F) {H <0.0001 , $56 8[| 5 77
TEEASER BErE, i, R =92.05% , 2B 0 57
(BN 22 19 45 238 S BB 5 WO B = Ta] 2L A3 e 4y 19 421
BB IR TR ETAT . — kI B A1 D XY {H
ARSI 5 2 (p < 0.01) , A X Y (HAILA W 2552
(p <0.05) , 22 510 CD St i 2 (p <0.01) ,BD 1,
£ EF (p <0.05) , kI A* B* [C* \D* Xf Y (i
WA B 2E s (p <0.01) o mrE i AT LB 5
HuF IR R Z B AH EAE , aniEl 8~ &l 13 .

P8 Wi et 1] AN el e D 50 22 By AR ) S HL R )
Fig.8 Effect of microwave extraction time
and microwave power on the yield of polyphenols
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Table 3 The results of regression analysis
Ti ZERIR I FI H1 ¥or F1E Pr>F B FEE
L 10.55 14 0.75 11.57 <0.0001 ok
A 0.47 1 0.47 7.18 0.0179 *
B 0.63 1 0.63 9.67 0.0077 ok
C 0.10 1 0.10 1.58 0.2299
D 2.23 1 2.23 31.68 <0.0001 * %
AB 0.021 1 0.021 0.32 0.5790
AC 0.022 1 0.022 0.35 0.5661
AD 0.011 1 0.011 0.19 0.6731
BC 0.14 1 0.14 2.26 0.1394
BD 0.38 1 0.38 5.90 0.0292 *
CDh 0.75 1 0.75 12.02 0.0038 ok
A’ 1.04 1 1.04 15.98 0.0013 ok
B 222 1 222 34.14 <0.0001 sk
c? 2.11 1 2.11 3242 <0.0001 ok
D’ 3.28 1 3.28 50.27 <0.0001 ok
k& 0.91 14 0.065
ER 0.90 10 0.090 5.52 0.0544
aliiRZ= 0.009 4 0.002
B2 11.47 28
T ZFEERE (p<0.01) ;5 : ZFEE(p<0.05),
6.5
6
£ 55
ﬁ
45
4
1500 : s) 5.06
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Fig.10  Effect of the concentration of ethanol Fig.12  Effect of the concentration of ethanol
and microwave power on the yield and microwave extraction time on the yield
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Fig.11 Effect of ultrasonic power and microwave extraction time Fig.13  Effect of the concentration of ethanol

on the yield of polyphenols
RN W TR B2 VU A PR 22 W T = (0] 52 B A X Ao 22
Py S B 52 ), AT R 2 Tt RE A AR I () LA K 2
e RE R S ) 5 2 8147 78 B e 19 52 HLAE T, 3 5
I 167 2R ) S AT 4 SR A — 2

and ultrasonic power on the yield
2.4 HREHMERERREGITHERLREIE
il id Design expert 8.0.6 FCAF X ni i i g A6 T 25
LR AT B R AR U T 2008 - e D1 ok 550 W,
I E] Sy 4.4 min B TEN 329.98 W, LBk

20164 550148 199



I@é:ﬂ%&

T EHE

Science and Technology of Food Industry

S 61.85% , M A PF R 205 H (AN 22 1 75 2 T3
{BR 6.35% . My 58 IF Wi N7 A7 725 T A5 300 0 {E 19 v 52
P, SR R 52 5 4% 12 1 A7 BIONE 22 1 SR B T2 e
HIE, 2 R 52 06 v 52 R 9 7 8 4 LU T2 45 1
TBIE o A 75 5 A ) 40 min OB HE 257 1 (ml/g) L
PR 550 W fHER s 1] 4.4 min S DR 330 W, 2
WEHCHE 62% o 16 iR 40k F #EAT AT 9080 Kk, 15
FIMNE 22 5 R I N 6.33% . W T 2BHKF
PR &35 SR 5 P A A H 22 30T, R B T e N e TR G A A
WS Z2 T BRI T 22 B0 1 v 0 DA 28, 5 T T
BT A BT L AT 65
3 g

A S R A S A B TR 229 0 4 SR B A L,
IO Ao HHORE 25 T 75 53 5 D 5 K 19 1 4 P 22 (ke
TR A ] R 7 SRR 2 W R ) AT DU ] 22
KOV R T A . AT A T RO 2 I A
PRUL T ¥ 5 8. M 75 P I 1] 40 min | JROREHE 25+ 1
(mL/g) b % 550 W S i 1] 4.4 min 74 )
%330 W, Z WK E 62% , 15 I 4V F , A5Hs 22 1) 1
AR AT K 6.33% , 5 FUNE 6.35% FeA— 2, 15 B iR
TRV T 9215 B AOME 22 T 0 7 T B T 25 11 4 2 92
AT, 7050 FH AP (0 B 1) 45 BB AR T o 3 T 43
T L AS 0 0 T 2 B R 755, AR 4l 3 R T R
0 22 1y 2 B9 48 B R A5

5% ik

[1]3kE 7, &4 S0 B S HRANERFL[]]. A
a0 Tk A3 ,2008,29(4) :57-59.

(2] B8 B AT AR AE 28 5K, 3 . B L A S R 4 3 R A
st ey B AR [T] A % T kA4 ,2004,25(10)
69-70.

[3]momk, TE, £2W-F, 5 AT RERY T XA SR
iAo B LA B[ T]. R K= A R 5 £ ,2011,23(5) .
931-934.

(B35 133 ;)

starch particles[ J ] .Iranian Journal of Science and Technology,
2011,18(3) :439-445.

[17]Zobel H F.Starch crystal transformation and their industrial
importance[ J |.Starch,1988 ,40(1) :1-7.

[ 18 ] Biswas A,Shogren R L,Stevenson D G et al.Ionic liquids as
solvents for biopolymers ; Acylation of starchand zein protein[ J].
(B35 194 )

HACHTF 5[ )] K& K S 53R ,2013,28(3) :303-306.

[12] %2 K& KRB ZHF S RFEGNE T EHR
[J].904% & = F+44,2010,26(8) :884-888.

[13] 4R ARdh, Ak, iR 3E, & K2 SMRAGHMANE T
LA e B[] Aid e T,2007(11) :89-92.

[14]PF 4 &  RAFHE, B A, 5 .2 240 TE® % KRR
ITEAR[I] AL L BA,2012,48(2) :40-43.

[15] Fitér, 25,3 m , 5 % A4 (Holothuriidae ) ¥ 4 # i
HEyEF R oA [T]. P B HE K FFIR,2010,40(7)
111-114.

200 20165 50141

[4] Duan WJ, Tan SY, Chen J, et al. Isolation of anti — HIV
components from Canarium album fruits by high—speed counter—
current chromatography [ J ] . Analytical Letters, 2013, 46
1057-1068.

[5]Xiang ZB,Mo HQ,Qu ZT,et al.Ellagic Acid from the Dried
Fruits of Canarium album with Anti- hepatitis B Activity [ J ] .
Asian Journal of Chemistry,2011,23(8) :3759-3760.

[6 ] Hossain MB, Brunton NP, Patras A, et al. Optimization of
ultrasound assisted extraction of antioxidant compounds from
marjoram ( Origanum majorana L.) using response surface
methodology| J ].Ultrasonics Sonochemistry,2012,19 ;582-590.
[7]Wang XS, Wu YF,Chen GY et al.Optimisation of ultrasound
assisted extraction of phenolic compounds from Sparganii rhizoma
with response surface methodology[ J].Ultrasonics Sonochemistry ,
2013,20:846-854.

[8] Teng H, Lee WY. Optimization of Microwave — assisted
Extraction of Polyphenols from Mulberry Fruits ( Morus alba L.)
Using Response Surface Methodology [ J ] . Journal of Korean
Society for Applied Biological Chemistry,2013,56:317-324.

(9] g7y, FiAnte A2 3k, 5 A8 5 BOKIR A BORAEICE 5
S ey TEARACLT ] P B RS iR ,2014,1:88-94.

[10] Fika, KkEA, AN, F B KB E XI5 & H
ME S BRI E[)]. AR A3,2013,38(11) :226-229.
[11]5 330k, R0 A2 B R % B T 2 £ A0 KA
[J]. ok 255 ,2014,26(3) :17-19.

[12]He ZY,Xia WS.Microwave— assisted extraction of phenolics
from Canarium album L.and identification of the main phenolic
compound|[ J].Natural Product Research,2011,25(2) :85-92.
(B]@am, A%E, ZLE SELEEMNEFRSBGEE
[J]. @b R kA 32 ,2012,51(6) :1242-1244.

(4] 28, %240, LR, 5 BERMTERNRLS S
A A e Hm [ J]. 2 s T kA3 ,2014,35(19) :388-391.
[15]4es, B2, 2, F .7 LR K mici-t § HR R &
HRERBAERFR[T]. W4 R F IR AR PR,
2013,32(5) :96-99.

1111111111111 1111111111111 111111111

Carbohydrate Polymers,2006(66) :546-550.

[19]Xie W L,Li S,Liu Y W.Synthesis of Starch Esters in lonic
Liquids[ J].Journal of Applied Polymer Science,2010,116(1) .
218-224.

[20] Yoo D, Yoo B.Rheology of rice starch- sucrose composites

[ J].Starch,2005,57(6) :254-261.

T ST S UL SIS ST SIS I S I ST SIS S ST S S S S S SO S S = =

[16] £ &, 5%, %H . & E%E% (Acaudina molpadioidea) &
IR AT BN [J] . s 5 K B Tk, 2014,40 (8):
215-218.

(17] 52, B R BEEARROHEMA(D]. FhH: FEH
# K5 ,2013.

(18] A ARG, xask, Z Ak HA5 S RGH & T LMK
FEAAM E [ J]. A48 7K F,2009(2) :6-10.

[19 ] M. Rosarii Schmeer. Grow the inhibiting agents from

mercenaria estracts chemical and hiological properties [ J ] .

Science, 1964 , (144 ) :413-414.





