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Optimization of Ultrasound-Assisted Enzymatic Method Extraction of
Antioxidant from Malus hupehensis Leaves by Response Surface
Methodology

LU Kaibo', ZHANG Xingyu', YUE Wei', WU Shijun*”, YIN Caixia'

(1.School of Environmental and Biological Engineering, Wuhan Technology and Business University,
Wuhan 430065, China;
2.College of Life Sciences, South-Central Minzu University, Wuhan 430074, China)

Abstract: In order to study the optimal extraction process of antioxidants from Malus hupehensis leaves, hydroxyl radical
scavenging rate was taken as a reference index, and the extraction conditions of antioxidants from Malus hupehensis leaves
was studied by response surface optimization ultrasonic-assisted enzymatic method. The results showed that the best
process of ultrasonic-assisted enzyme method was 100 W ultrasonic power, liquid to material ratio 17:1 mL-g "', ultrasonic
time 32 min, cellulase addition 2.6%, enzymatic digestion time 49 min. The hydroxyl radical scavenging rate was
89.9%+0.06% under this condition, the flavonoid content in the extract was 14.01%, the polyphenol content was 8.93%, and
the polysaccharide content was 7.65%, compared with the decoction method, reflux method, enzymatic method and
ultrasonic method, the active substance content was increased by more than 10%, the DPPH scavenging rate and hydroxyl
radical scavenging rate were increased by more than 20%. It's better to extraction of antioxidants from Malus hupehensis
leaves by ultrasonic aided enzymatic method.
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WAL [Malus hupehensis (Pamp.) Rehd.] 2
WA RE SR B I TR REAE Y, B KR
50~2900 m I L sl LA bR, PR = Mg A ki
1544 . BT AR 1L X LI 5 & & o il . M
JeAFE R I, BeA RO KRR R B o, A PTAR
AR, B . ARSI DURETE R . PR IR AR
Fh 2R P, H2G - EEL O gk A Qb b 2y
M ELARE ), 2014 41 TAEFRES 20 52454 < ]
GG 5E (SRUFHD) W A e RN . AR i dedr
TR, WA S AR i IR D S 2 BT T s
&, HZGFHMAE E B UESE, 7= i T A FH R
SRR

AT P E AL SR B Y e 22, R 2R AT
AP RO T AR R R AP
Hili . 22 Py R0 20 S V% PR 43, 84T Fenton Sz W r=4=
AR [ H 2R ORD) MY BRAVE A B 8RS NP ST
PEROR . FMRIGEAEP) 3@ R HH L R R A3 2L
WFHEN AR, ik 4.57%:; I 25000 1) FH e )3 T
BAAHE P R R BRI, 5k 12.76%. AHEL T
ALGE R BEFNFE T, 85 P A b T L= 2E 4L
BBESUN « 25 A FH R HRARON, 55, B R4 Bt B, 3T
TR Z B PR 2, S E AT A R A
Sy BT SRS G U TR, R T P
Pl md, AMEAEFT T $RE] [a] HRRH & 1T s e
I T 75 I el B M 0 A SR i ) | A A R v 2
P31 F RS 2N SR IO H CA HRE . shise
oS 2 I B S 2 A G ik 22 LT AR A T PR A
HLRFH AR 75 1 e B Tt B O A b i B L s Ak S
WAFFEA LR IE -

ARG LA ¥R L [ i IETE R R AR, SR
VA L ST s R RO T 22, A3 AT X FEAS
I T 20 B . 22 W AN ah P B o0 B Kbt
S, S AT R I e e i 2 FH A
[EEIE =
1 MR5E*®
1.1 MRS

BdigHE GERRRERE) 7 TideRB L
X EFRR  BIEsEORT 98%, fit5 27975, I
BT E MR AL i 850 . ey 1y
Sy, REETEbE AR R A F

KQ-100E & EIFBENL Bl s (s a iR
3w HH-2 THRK S i Atamii 2 4B{UE8) 5 GL-
21M FEERRELDHL WS O ESA BRA F];
722E Al WA RIS AR A BRA T
1.2 EWHE
1.2.1 Wb st p Wikb B CRedb g senl &1
60 °C MiFa T, ML HEZ 5L 100 B, 2%
B2 BV GBS L AR T S
1.2.2 7SI B A SR O S B AA b R

FREUEE S 1.00 g, #TF 50 mL —=ff3HiH, It A—@E ik
FATECRH 70% LB, AT 100 WS %
B VAR PR IUE S, 165 NS 4 R — B
[A], #E 4200 r/min &5.0> 20 min, B FIEW A o
1.2.3 A -FATE I T 20 A P 3R 505G
1.2.3.1 WEHEXTER B 23 [ R R BR R i 52
HY 1.00 g #AdLIEG LTRSS, AFTELL 70% L BE %
5, HAETEUE 30 °C, AR 100 W, #EA5EE] 30 min,
INET A2l 2.5%, WA E] 50 min, BOEHE 10:1.
20:1.30:1.40:1,50:1 mL-g' 2504FF, BOBH X 42
B ¥23k B i SRTE BRI 52
1.2.3.2 HFS I A X R H A R 5 A i R R 1 5
ma HL 1.00 g AL SRR S ISR LA 70% £
S, BRI 30 °C, A IE 100 W, BRI
20:1 mL-g ', JINEF4EZE W= 2.5%, MEf#EBE] 50 min,
HFFRTE] 10, 20, 30, 40, 50 min &4 F, A8 7 HAE]
XHHEE AL S R AR R
1.2.3.3  Jinf xR B 3L [ i RS R AR AR
HY 1.00 g 1 db i et 4 5, BF5R LA 70% £ B
REFH, A REE 30 °C, AR 100 W, Bk
20:1 mL-g ', #F B[] 30 min, BEFRESE] 50 min, fill
LY EFEE 1.0%. 1.5%. 2.0%. 2.5%. 3.0% 514
T, i PR BRIt A IETE R AR
1.2.3.4 BBt R X PR U R 5 B B B8 B 005
me HX 1.00 g WALV SRR AL, PSR LA 70% £ B
REEFH, A REE 30 °C, AR 100 W, Bk
20:1 mL-g ', #A B A] 30 min, INEFZEREFE 2.5%,
B AT 1E] 10, 30, 50, 70, 90 min 45141, Hfgf#Astla]
XTI SE F B R RS
1.2.4 wanyEREGIRIT  AERREREL -, DORIEA
FH IR A3 SR i AL, JFH i) T 3Bk B2 R 23R 1
ZHAEM, UTERET 2380 NE KRBT L
=1,

1 WRLEB N R K R T

Table 1 Response surface design factor level table design

(S
K AR Bi/HafE  ChneFdiE gt DT
(mL-g™") (min) (%) (min)
-1 10:1 20 2.0 30
0 20:1 30 2.5 50
+1 30:1 40 3.0 70

1.2.5 PrEALIE T S PR F i e

1.2.5.1 3=IL A HAIEERFRNME  RAKER

100 HERIL RO 1.00 mL, A a4, ARk

TABRER AR, ZWE-7KAHIR, B hnadk it e S %

5], IKEE, 7E 510 nm AR GRS, THERR A i 37E
FRRk H TR ER (%) = [1- (A, - A)/A)] x 100
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20234 2 A

o Ay A FIXT RO A S IARE
AU GRS A, AR (57 H,O, BIRRCRE .
1.2.5.2 DPPH EKEFMIE FIH DPPH H i3k
ShuE AR R R AR 7 R, e B B 1.00 mL,
EALLEE T, INAGE & DPPH &, 7 517 nm 4k
M G EE, 2R G OR A — BB R] S5 A I — R G
B, 714 DPPH W5ER3%.

DPPH{E R %(%) = [1- (A, — A,)/Ag] X 100

P Ay A DPPH M +55 AT TR A M 't
BE; A, AFER+DPPH IR-G WA GRE; A, SRR S+
25 ISR G IR IR o
1.2.5.3 WEEHEEAME RS- ERES-E
AN EE RS, vETR I BRI 1.00 mL, ZEBEME
HEETF, WAHBREN-HE R EE S W a57], 76 510 nm
A 2 S, 3 AR o R R TR ) 5
1.2.54 ZWMEEE SR A BRI AR, i
A B EUE 1.00 mL, VA FL 8 i, Nz g7k A
WA TR RIS W, TR SIS, TN AR Eh 22 vk,
TE 540 nm PAAL, MIAE W SGEE, THAARR S b 2 1
T
1.2.5.5 ZHHEEEANE SR BOR-Gi iR 20, #E
R BB 1.00 mL, & T B30 b, It A K
FERER, {0, 7F 490 nm AL E N SGRE, TTHERER
ZHEN S
1.2.6 AEIHEECT. ZHE R il A5
1.2.6.1 FIZyE  AEMFRECFRELSS 1.00 g, RIHATE
BBVERE, FEANA 20 mL ZEME/K BT 50 mL [RJESS
i, 7E 60 °C #ukKiB 42 90 min, RGBSR
#, - 4000 r/min B5.0> 15 min, B EIEWR S .
1.2.6.2 [FEIFiiE  AEFFREUE S 1.00 g, R B
RO EREL, BT 50 mL [RUREEIR A, il 70% £ BEEs
W 20 mL, 7TEFRBUREE N 70 °C F, $2£8 100 min, F
4000 r/min Z5.0> 15 min, B &4
1.2.6.3 [ UETAPREAES: 1.00 g, SRFHBEED 2
U, B 50 mL =i, inzZEissK 20 mL, 7E 50 °C,
pH 5 5.0 LRI 1.5% £T4E 2L, B 50 min, Ff
4000 r/min 250> 15 min, B 345
1.2.6.4 HFUE  AEMPREUEESE 1.00 g, SRS
Pk JREL, BT 50 mL =i, inA 20 mL {/AFR
SYHCR T0% M CEEHS R, TEDIE R 100 W IR 7S 5
WYEFE R EL 30 min, FF 4200 r/min 25,0 20 min, B
VEWA
1.2.6.5 /S U AEBIEGE:  HERMPREUEE S, 1.00 g, 2R
JHAEFS P Bh R 21, BT 50 mL — R, Jin
A 17 mL RT3 ECH 70% ZEEFR, DI 100 W
YRR 7 UV Ve AR P HR B 32 min, AT 4E i &
2.6%, B A)[a] 49 min, {5 50 °C, ZE 4200 r/min
B0 20 min, HU FIEWR A

1.3 #iEAIE

PAR RSB 45 LT A =R, 45 L BCESE AR
WEAw 22, M 3 T >R A Design Expert F2 7 B 11443
ATAbFERT
2 ERS59h
2.1 FRERZEYHIE

SR FH SV il P2 - i PR A - U SR A B b e T 45
b v 2R, PR 2R M )5 7 B S y=0.0172x+
0.0025(R*=0.9996 ) ; K FHF A1 12 MV 2K 25 45 22 Wy AR
Wi il 2R, bR v il 2R £ Mk 81 UE 7 B2 S y=0.0208x—
0.0036(R*=0.9993 ) 5 >R ] JE - i R 125 I 45 Z2 MR AR VA
A £k, PR pi Ze £ 1T 7 72 2 y=0.0419x-0.0134
(R*=0.9992). LA FARAERTLR R?<0.999, £FG5 2K,
22 BEREEERIMENIRERRLRER
2.2.1 WORHEEXTHEEC L TS BRSR R
P 1 AT, ZERE RS B RTINSt 2 22 fh e RS ) ]
PREFEARAS, A BRAS UKL EL T, $23k [ A L7 B3R AE
60%~85% Z 0], U kb 10:1~20:1 mL-g™' B,
WAL HE T TR AR ) STE R T
R, TEWCRHE A 2001 mL-g ' Bk BB, Wk X
FRIE A LI BRI ) 25 (P<0.05), Hos T HAth/K
S dREERINEOR L, FR3E R T BRI WA
K A bt Ok Fb 4k 22 A kg gt A pr S e ED
i /D Gy Y, AERA T R A ), R0 [ H i
W RR RS T . DRk B A Wk Ry
20:1 mL-g' Z2f.

~
W

FAHE 1 ETIRR (%)
g 2

(=)
(=]
T

0 10:1  20:1 30:1 40:1 50:1 60:1
WRHE (mL-g ™)
BT WBORFEO AR [ ST R R B R
Fig.1 Effect of liquid to solid ratio on hydroxyl radical
scavenging rate
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2.2.2 HEFEEIXHE BRI 3L R S0

FH & 2 AT, PR LG . InEr4i: 25 B AT i s )
PRAFFARAR, AR ASHR S I (AR, F23% [ R 3R B3R ALE
65%~90% Z [8], 24 B F5 Af[E] 5 10~30 min B, J2HE
M i ETEBRB Wi N, 78 30 min 2 J5 5 1 FEtE 3,
T 30min J& ik Bl f ok, #E RS B e %) ¥e 3k H i L bR
ZREZIN I 2 (P<0.05), H & FIHAMOK . e
HAR SRR I HIVE R, KBstal e ST E e
YR BRI, DTS V7 3 s B AR . PRI kb e
AERE SIS 30 min 2245 .
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T
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~

60 L L L
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Fig.2 Effect of ultrasonic time on hydroxyl radical
scavenging rate

2.2.3  Jinfifa X PR EA I [ A I BRR AR )

FH & 3 AT, FEVRCELLE . 875 B Ta] RN P AR st ] R4 AN
AR, AN AR LT E R WA I A, 3L [ i IS R RAE
60%~85% ZI0], ML FHE N 1.0%~2.5% B,
YA b AL B B R TE BRER DT B TR, 7R 2.5%
A3 0 e =, N o) R 3 ) ER RV R SR s )l 2
(P<0.05), H & FHALIKS-. S E it 2.5% A,
FREL I RS BRREATIGTR .  [RoBEE B 1S,
UMY S Y R E kY 2, A fbds o, 2%
HE A R FERRRNIN . YINEREE T 2.5% S5, IS
L AR eE G R BVR IR, ARSERS AR R
AP RO MR 281, RIS P ANy
2.5% e

& r
80 r
751
70
65
60
55+

50 1 1 1 1 1 J
0.5 1.0 1.5 2.0 2.5 3.0 3.5

T (%)
P13 e 0 Rk B R B 52
Fig.3 Effect of enzyme dosage on hydroxyl radical
scavenging rate
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2.2.4 [ A SR AL [ i S BRI )

FH I 4 w10, 2RO EG L 8 75 s [a] FNET- 2k 2R B
FAR AR, (AR B ] F, 323 [ R T R R
TE 70%~85% Z [a], ZEBFRRT[E] 2 10~50 min B, 5]
e st AP E b ¥a3k H iR 3R AITE BRR B Wi,
TERFF 50 min J5, 323k 3 H 3L TE R 2 T R,
TE 50 min 35 B KA, BT RIE L [ B 3L R
SRR i 25 (P<0.05), s T HABK . B A ff )
[FI T, £F A R BANRE T o0 /K LT 4 2=, AT flide
SAEY R A . ST TR ZE K F) 50 min,
2T A R WA S s A ek, BRI H i

1, —ER P EALTEY BT BER G BER AR, AR A H
APUEAIETER A B, SECA th 2EERRRRER. /D
I LRI 50 min 2545 .

85

o]
—

-3
~

~
w

FRHE H SRR (%)
D
o

0 10 20 30 40 50 60 70 80 90 100
Bt f ] (min)

65

P4 a0 AE A b AT R A
Fig.4 Effect of enzymatic hydrolysis time on hydroxyl radical
scavenging rate

23 MEERAER ST

>kl Design Expert {4} 1 1) Box-Behnken 2
JPHEAT AT, H T 29 ANSEEG S . SRR 20 AR
PR 2 P pEIR S 2 I U5 7 R SR Y=89.23—0.70A+
0.78B+2.13C—0.51D+0.1AB—1.92AC—0.45AD—0.65BC—
1.42BD+0.96CD—1.58A*—2.03B>—7.31C>-5.33D, X
RERIHATIT 225087, G5 R IZE 3,

F 2 RS A

Table 2 Data of response surface experiment

SIAEL A SR - L AR A
SCES AWCRHL BEEFSESR] CHNEEE  DREBMREST L. .
HERHE(%)
1 0 -1 0 -1 79.09
2 0 0 -1 -1 76.55
3 0 1 0 81.27
4 1 -1 0 0 85.32
5 0 -1 -1 0 76.55
6 0 0 0 88.85
7 0 1 0 -1 84.79
8 1 0 0 -1 83.09
9 -1 0 -1 0 76.35
10 -1 1 0 0 87.21
11 0 -1 0 1 80.93
12 1 0 1 81.07
13 1 0 -1 0 77.89
14 0 0 0 0 89.78
15 0 0 -1 1 73.69
16 -1 -1 0 0 87.59
17 -1 0 0 -1 82.01
18 0 0 0 87.98
19 -1 0 0 1 81.78
20 -1 0 1 85.79
21 0 0 1 1 80.03
22 0 0 1 -1 79.06
23 0 0 0 0 89.84
24 0 -1 1 0 80.59
25 1 0 1 0 79.65
26 0 1 0 1 80.96
27 0 0 0 0 89.69
28 0 1 -1 0 79.84
29 1 1 0 0 85.34
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Table 3  Analysis of variance of regression equation

K TR B ¥Ur FE Pl WFE
TR 55233 14 39.45 249  <0.0001  **
AR 5.84 1 5.84 3.69  0.0755
B-HEHIE 727 1 7.27 459  0.0502
C-JMmAti: 54.27 1 5427 3427 <0.0001  **
D-filifit il 3.13 1 3.13 198  0.1815
AB 0.04 1 0.04 0025  0.8760
AC 14.75 1 1475 931  0.0086  **
AD 0.80 1 0.80 051  0.4487
BC 1.70 1 1.70 1.08 03173
BD 8.04 1 8.04 507  0.0408
CD 3.67 1 3.67 232 0.1504

A? 16.18 1 1618 1022 0.0065  **
B’ 26.75 1 2675 1689  0.0011  **
c? 346.44 1 346.44 218.73 <0.0001  **
D’ 184.58 1 184.58 11654 <0.0001  **
BRI 2217 14 1.58 - -
AU 19.58 10 1.96 3.02  0.1491

T R 22 SR 35 (P<0.01); #3528 225 3 (P<0.05)

R 3 ATLIE Y, B 2 55 (P<0.01), ZeHLT0
(P=0.1491>0.05) A 2, PaHARERI A PR, A58 e
REFREL R N 0.9614, UHZAR R GEd 471 Iz B isAdb
WFM PR I A R EATE R R S WOk L
BT T Pl A e B ) 0 S FR o AR i
(C) . WKL g R I (A?) | A8 75 B [a] i — YT
(B?) | g & A9 YRI5 (C?) | [ Mg A 8] A9 — vk 300

FREE A HILTEBR TR (%)

—1.000% T T T
—1.000 —0.500 0.000  0.500
A WEEHE
FREEH A BRE (%)
1.000 4=

1.000

0.500
g

% 0.000
=
S

—0.500

[E2 26E7]
—1.000

" -1.000 —0.500  0.000

A TORHEE

0.500

1.000

(D?) . Wk L SN B SE EHI0 (AC) X A4 e o (B
FEMA 40 55 (P<0.01) 5 78 7 s () R A st (] (4 58 5300
(BD) X 1z i) W A 5 ) i 25 (P<<0.05) o A5 50 Rl 2= %0
e AE s P E > Sh itk (C) > 75 B TRl (B ) >R
B (A) >R TN (D) o

& 5 435 T 6 ZHLUFRSE 1 JEE 555 k)
RAE R ESRE . SRR BT B B 44 R A
VEFAXT¥23E B P35 BRIR AT, S5 i 2Rzt T4
B, i P 28 % P2 0k [ p L3 B o s e ik o, Hovp
AC A B YRR, S mgia TR, BD IRZ, CD.
BC. AD. AB ¥#¢[Rl, 5 [R5 2250048 RAHFT &,
Bz 5 4EH] AC>BD>CD>BC>AD>AB,
24 REIZHFHE

FIFH Design Expert 4% T2 264t 7 01k,
T LA ST B FE U AR R 3 3k
I 5 R B AR PR A S OB 16.82:1 mL-g ', i
FETTE] 31.71 min, 0BG & 2.59%, M fig B (8] S
49.18 min, FIIIFEEEL [ B ISR 89.60% .
2.5 MaREYEUES T

25 8L ) AT ERAE M, R B T2 A
ZUROPATEEE, WORHEE S 17:1 mL-g !, A A
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