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Study on technology of ultrasound-assisted extraction combined

macroporous resin purification enrichment for total flavonoids

from Geum aleppicum and its radical scavenging activity

R % [ F

Bl & %
CHEN Cheng LUO Guo-ping YAN Meng-ru
(VY22 B 5t PRV P2

x H\ % W
WEN Ming DANG Sha
710021)

(Pharmaceutical Institute, Xi’an Medical Universit, Xi’an, Shaanxi 710021, China)

FE AR FICGERIRILAIE S £ it Rk %R,
SEM XA AR A A ERE S, R LEIRE R FE Y
FAREBERFNTANAOEZ . EFAARREABLE, K
A EE AR AR B &R AR T ;0% R A R
A SR T IR 35 AR H R AL R B 3 B K LA RS 49
B Wbk Fe e L A4 K A A DPPH g o A & iR i Rk
T EFE G A A . A RE A FRIGER G R
HRAET LA A FE % 300 W, LERE 45% i #4H ke 16
1(mL/g) 4 &8 i 102 min, B 5B E 73 C. e Z&H T EE
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2 DPPH & @ & IC, 484 57.4 pg/mlL. 3k IC; X VA A
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Abstract: Taking the total flavonoids from Geum alep picum by using
ultrasound-assisted extraction and purification techniques, and test
the scavenging ability to DPPH of total flavonoids. With extraction

quantity of total flavonoids as dependent variable, the independent
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variables including ratio of liquid to solid, ethanol concentration, ul-
trasonic power, ultrasonic temperature and ultrasonic time were
studied on extraction by single experiment and response surface
methodology; the adsorption and desorption of total flavonoids were
used to investigate adsorption and elution conditions of macroporous
resin; the scavenging ability to DPPH was used to investigate antiox-
idant activity. The optimal extraction conditions were: ultrasonic
power 300 W, ethanol concentration45% , the ratio of liquid to solid
16 : 1 (mL/g), extraction time 102 min, extraction temperature
73 °C. Under the conditions, the extraction amount of flavonoids was
17.02 mg/g. AB-8 macroporous resin purification techniques condi-
tions were: concentration of feed 0.5 g/mlL., the ratio of diameter-
height 1:6, the volume of polyphenols sample 20 mL (2 BV), elute
ethanol concentration 40%, elute volume 60 mL (6 BV). After
eluted with AB-8 resin, the retention rate of total flavonoids was
83.3% , the refined multiples was 4.5 times, the content of total fla-
vonoids was 61%. The result of experiment on scavenging ability to
DPPH showed that IC5, value of purification was obviously less than
that of extracts of total flavonoids, and a little higher than that of
Ve, the scavenging order was V¢<Cpurification of total flavonoids<C
extract of total flavonoids, and the ICs, values of DPPH free radical
scavenging was 57.4 pg/mL.

Keywords: Geum aleppicum ; Total {lavonoids; ultrasound-assisted

extraction; macroporous resin; free radical scavenging activity
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P AR UE S Al BEZ=98% . it 520140919, b i Lk
PR A BRA A 5

DPPH i3] . Ve : 45 =>98 % , 22 [# Sigma-Aldrich 23 ;

NIRRT
1.1.2 RS

SHMTT WA M BE 1T Cary-60 A, 36 [H Agilent A ] ;

P Dl VA KQ Y, B 1y R A A2 AT BR A 7 5

B R : SQP A, f# 7 Sartorius 24 ] 5

HLF R CP2102 B, B2 30T {28 47 PR 7

WEHE & KA Re B, BT S A LA BE& T

L B R T 4R 4 - GZ9147 #1135 M T 5 1 o7 28 A R
NG
1.2 A&
.21 BEEARAE I & RS R ARI 5.00 mg A5 T X
T TF 25 mL R0 60% WA EMIFH L E A
ZZ0 B RS R AR . R A I R X A 2.0 mL
BF 25 mL AERE P MA SKTMBMNER 0.5 mL, 3%
5], 5 min, FEINA 1020 i BR 42 V8 1) 0.5 mL, 857, i
5 min, A 4 %0 S 8L AR 10 mL, 5 )5 F 60 %0 & B E
REHIBEL RS CE 15 min . F 400~600 nm 35 B 4
#1506 nm b Ay 5 KR IO ik BE 506 nm I E I K.
FARS W 45 i 0% S T AR VA R 2,00, 3,00, 4,00, 5,00,
6.00 mL /3 & F 25 mL HERE P B LR kR,
DU A 25 12 B 7E 506 nm 35K A0 T W G BE L 3 T 4 7
S TR AR IR . BRSO IR R B T TR R D
W6 JBE 3 31 5 e T B R B LA e 2 b R B
il i 78 (mg/g) «
1.2.2 map kO s R BGRB8~ 919+ 4
A R A 45 5 B BORRE EL R A R L £ B R N A
M 4 AR H A SR H Box-Behnken 3% 11 J5 3 i 17 /4
PR 2R 0P i 7 T 3 4 5 LA A 9 TR R Ay g AT
17T 2R Z TR H 7 R LA AR IR 2 4tk .
1.2.3 3B XL B Y gl 4k i 56

(1) AL i i THAL 3L o5 45 P 2L 5 45 g 23 5 A 9524 &
FEIR I 24 h RIS KR E o @M 4, 1
DAZE K k2= JORER SR )5 4% HCLE R 4 h. 2% )5 M
FEMKEE LA 4% NaOH IR 1 4 h, FZEI K
E G TEBKP &R

(2) AL R 2L 5 1% i 3 - ik I T Ak B4 14 4 i 45 At
fig: AB-8, D-101, HPD-722, HPD-100 %& 2.0 g (jB). &
100 mL #EF M, 0 BIIA 50 mL £85I, 4R . & 1 h
PREE 1 3E 24 ho 31845 Bl R 5 B 5 A0 W BE 3R . O g Y
WG 53+ 100 mL BLZEMETE P, A 70% £ ##50 mL,
TR - L hREE 1 vkt 12 b BR b A R L
R 2 VIR BE S5 R A W %6 i B AR R 2 AR

(3) b P90 o O e % B R BRI 4 0. B4 15 ml,
Ay Bk B 1.0,0.5,0.25,0.15 g/mL, &, il A 50 mL
ZENR KK B O A B TR K PR TR 58 2 451 2.1 TR R O ik
5 BB 5 b G R A 2R 0 T 3 B e R R R

(4) B RE AR b I AW 3 103 4 15 mL, 43 5 38 2o
SRMAEEAFE HAR MR 16,1 8,11 10 KFL# g
HeL RL 1 BV/h Bl A&S 0 K Bk 2 0 Eh R B A N L i 4 vk i
TR A HE 1. 2.1 I Hp v I S R R TR A T O B % 3k
58 SR A AR g A 1 L

(5) BURHILE % 55 . AR WAL B AB-8 B ig 10 gCHh
T DA R AT 3 A B I 259 60 mL, b AR, 4B
WS HETR . 5 mL fEN — F 4, TR R R i, DL BT
TRAT B AR B AL R LA 440 PR R A R AR AR 4
2 U R

(6) & BEIRBUr 8% 4% R & WAL B (%) AB-8 ¥ fig
10 g 1) DA 6 SR A7 35 4, B2 A B3 /9 259 15 mL, %
MRtk T2 4 BAE L Je 50 mL AR K 1Tk Uk
Al 30%,40%,50%,60%,70%,80% £ 5 BV 43 Bl 47 1k
B T 45 V0 T P B R

(7 Ve R % 2RI BiAL B AB-8 W fIg 10 ¢
CHVT I BEAT IR L 2 A RS A I A 25 A 25 ) 15 mL [
KB 5 BV (50 mL) 4lifk K K ¥k, B 40% 2 FE 6 BV
(60 mL) AT YEBE 4> BE M DRI, B 5 mL AE h — 4% .
DL B 23 S A B g A AR L LA A% 2 20 B TR O A Ak
s 2 D T 2K .
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A5 A 5 T % P T OB A 2 T R O R AT R R AT T
o 3R 4 78 25 R PTAAL BE ) MRt Y FREC DPPH IR &
BLMATE K BV 5 Sl 1.5 mg/mL DPPH ¥ .
W 1 mL A [ e A B S VA T OB R 9 B4 L R 9 R A4k
Y. Ve A 2 mL DPPH W . BN K & B & &
10 mL, 3% B 30 min, F 517 nm &b %2 % Y% BF . DPPH
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PP TR B R BE (OO D A A s WOE BE CAD LA AR
BRIFFE A=0.470 1C+0.021 7,»=0.999 5,A 5 C 1£
0.39~1.20 mg/mL {EFH N MR R R,
22 MEEEALERELSEMRERIZ
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Table 1 Factors and levels of experiment designed
A RORHEE BEAN  C %k D RAIR
W% KT e . o
(mL/g) [&] /min /% g/ C
—1 16 01 90 30 60
0 181 120 40 70
1 2001 150 50 80
x2 MEEmRBETRER
Table 2 Experimental design and results of response

surface methdology

e A B c D Y 4
(mg-g 1)
1 1 0 1 0 14.84
2 —1 0 —1 0 11.24
3 0 0 0 0 16.52
4 —1 0 0 —1 15.84
5 0 1 —1 0 11.57
6 —1 —1 0 0 12.87
7 0 —1 —1 0 12.67
8 0 —1 0 1 15.26
9 —1 0 0 1 15.88
10 1 0 0 1 15.61
11 1 0 —1 0 11.97
12 —1 0 1 0 16.23
13 —1 1 0 0 11.35
14 0 0 1 1 14.62
15 0 0 —1 1 13.91
16 0 1 1 0 10.22
17 1 —1 0 0 11.24
18 1 1 0 0 10.74
19 0 0 —1 —1 10.26
20 0 0 0 0 16.64
21 0 —1 1 0 15.57
22 0 0 0 0 16.55
23 0 —1 0 —1 13.53
24 1 0 0 —1 11.46
25 0 0 0 0 14.93
26 0 1 0 1 12.36
27 0 0 0 0 16.68
28 0 0 1 —1 14.76
29 0 1 0 —1 12.76
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MRAEER 2 I 45 R, | ] Design-Expert 8.0.5 R AF# 17
Z It ElH T R LG FIT7 224307, 7 22 40 A 45 R L3R 3, [ T
PN

Y=16.26—0.53A—1.13B+1.24C+0.75D —0.04AB —
0.53AC+1.03AD —1.13BC —0.52BD —0.95CD — 1.33A% —
2.45B* —1.63C*—0.61D?, (2)

TWRTT AL EA R B3 M (P<T0.01)  RILTUA LF
(P>>0.05), A 3¢ R % R? =0.905 1, i B [0 )9 J P A B4 43
T A5 520 1H B A e B AR O LA PR R I R 25 A
N AT TR g A 2R B

R IV A 2 T MR R o i BB R ) A 3 (P<C0.01)
P R o R B R ) g 3 (P<C0.05) , 5 RN R W T 0
QT 3 =R P I ] > 8 75 I B > R LG . B3R 2 A R
AT W 0L TET R T 43 AT 4 0 A R R B8 EL AR OGS e A Y 5
Wi, 3 R IR R R

FIH Design-Expert 8.0.5 2 {4 73 B £5 H » 0 3 [l 42 B it
KB WO (B 2 16,89 mg/g. T2 4 1 . 75 Iy %
300 WLk Eb B 16.2 @ 1(mL/g) , HEEUH[E] 102.5 min, £ FE
B ALY RBURE 72.8 °C. B T EM B TS
162 8 A Uy & 300 WL i kb 16 ¢ 1 (mL/g), 8 75 B Al
102 min, ZFEWEE 4520 IR E 73 °C. fEM & AF T AT
B F Pk 52 06 . A 8 P 4R B S 9 fH D 17.02 mg/g, RSD
0.29 %% M5 25 2 0.77 Yo . 3k B 25 1 2% W1 9000 {5 5% o (.
) 2 28 /N 5 ST 3 ST P A T 0 A

®3 BEAERFTESH

Table 3 Analysis of variance with regression model
i H Form AWMEE BUF F {4 P RBFHEME
R 110.120 0 14 7.8657 6.414 4  0.000 7 x x

A 3.381 4 1 3.3814  2.757 5 0.119 0

B 15.232 5 1 15.2325 12.422 0 0.003 4 * x

C 18.302 7 1 18.302 7 14.925 7 0.001 7 = x

D 6.795 1 1 6.795 1 5.541 3 0.033 7 *
AB 0.006 4 1 0.006 4  0.005 2 0.943 4
AC 1.123 6 1 1.123 6  0.916 3 0.354 7
AD 4.223 0 1 4.223 0 3.443 8 0.084 7

BC 4.950 6 1 4.950 6 4.037 2 0.064 2
BD 1.134 2 1 1.134 2 0.9250 0.352 5
CD 3.591 0 1 3.591 0 2.9285 0.109 1

A? 11.501 3 1 11.501 3 9.379 2 0.008 4 * x
B? 38.866 3 1 38.866 3 31.6951 <C0.0001 x =
Cc? 17.241 0 1 17.241 0 14.059 9 0.002 2 * x

D2 2.386 7 1 2.386 7 1.946 3  0.184 7
k% 170676 14 12263
QeI 14.926 2 10 1.492 6 2.6638  0.178 8

R 2 2.241°3 4 0.560 3

B 127.287 5 28

Tox FORER B P<0.055 % x KRR EFE,P<0.01;
R?=0.905 1,



RIS E N

2016 4% 12 49

2.3 K7L R Bt 43 B R 06

2.3.1  RALWARMGEE I 1 Al JCFL AR R X R 9 R 2%
fb&W B A B o my W KR8 J7, WRERE 0 T O AB-8 >
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Figure 1

D-101

Effect on static adsorption and desorption rate of

different types of resin for total flavonoids
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2.3.3 WARRE LAl & 3 WA AR L X AL
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Hi B 4 AT 2 AR K 20 mL i
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Figure 2 Effects of polyphenols concentration

on adsorption rate
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(2 YO8 80 P 4 5 D A O 2 K0 S i) < e T 6 T B
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Figure 5 Effects of ethanol concentration on
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Figure 7 DPPH free radical scavenging abilities
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Table 4 IC;, of DPPH free radical scavenging
e ICs0/(pg » mL™1)
Ve 54.4
)58 gUOEIR IR 57.4
LB R 4 B 106.1
3 b

AT 56 SR FH A P 9 BB T R AL RS IR B AR B B KB P
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DPPH A i 23 B A F 1Cs0 K/NIF 29 Ve << i 8 il 4 4k

YI<< B ¥ ER $E B . M DPPH [ i 25 9 B IC;, oA
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Bt — 2 0 25 350 o i

2% 3k

(10 oo [ ) 2 o o Il L A A 25 D 2. ARG . 37 B [M. b
e BReE WAL, 1985 221-223.

(2] A X Z404F. RO BT AL 0 /E I ALHIBF S MEBL L) ). 2y
Ft. 2006, 29(7): 739-743.

(3] BRULMS . FBGoK . ZEEMp . S5, 505 rb 5 B 1 ) 8 7 IOl I 42
WL ZEALT]. =& 5P, 2014, 30(5) : 232-236.

(4] s, B, & e 2815 S I 0] po I se ok R (D). it Bt
. 2009, 34(6): 174-178.

(50 TORE . vealgk. 35 B Ak & W SR O X J2 58 1 ol v
RVERILT]. &R SHL. 2002, 18(7): 20-21.

L6 X%, et , #H . 5. FAK R BFFTERL] R0 5T,
2012(3): 67-71.

(7] Fvidi . JEBEW . T 22 B wi or i s DG £ 8 75 Al B 2 I I i 5
B T ). A RR, 2013, 34(2): 143-147,

(81 BZFF, XILr, BE/ME, 5. Mids A+ 2 M 7 BUK AR & 5 32
WTZ R A R &M 5P, 2015, 31(6):
173-178.

(9] TR, PhAS, BRAES, 5. M Z MR T 204k X i S Ak Ts
PEBFZELT]. &5 5L, 2016, 32(2) . 128-132.

(10 ElF8. BRMERE . HE8E. S5, 9 7 508 190 AR 0B B &5 4 2 B
A LI R T[T ], R R, 2010, 31(1) . 54-57.

(1] & 9€vKk, Jyim, BEH . 5. 1515 2 W7 4 B 32 UL b b iF
e, B S P, 2014, 30(5): 211-215.

(E#% 155 7O

(147 Z=, 0. OB B It 2 P k3 A M o R ol e A 0 5 [0 .
i T, 2016, 37(1); 217-222.

[15] BENELHADJ S, GHARSALLAOUI A, DEGRAEVE P, et al.
Effect of pH on the functional properties of Arthrospira (Spirul-
ina) platensis protein isolate[ J]. Food Chemistry, 2016, 194
1 056-1 063.

[16] REMR . N, 22 F. Kok 2 IR B8 T 2 il 4 J7 15 i BF 52
HERLTD. i 5P, 2010, 26(4) . 142-145.

C17] B e (R, K S B oy R e 0 e o 2Ll e 3 R G2 il 1 1) 5%
)], Al ML 23R . 2009, 40(12) . 159-163.

[18] KIM S G, YOO W, YOO B. Relationship between apparent
viscosity and line-spread test measurement of thickened fruit
juices prepared with a xanthan gum-based thickener[J]. Preven-
tive Nutrition and Food Science, 2014, 19(3): 242-245.

[19] CATTANEO F, SAYAGO J E, ALBERTO M R, et al. Anti-

160

inflammatory and antioxidant activities, functional properties
and mutagenicity studies of protein and protein hydrolysate ob-
tained from Prosopis alba seed flour[]J]. Food Chemistry,
2014, 161. 391-399.

[20] CHEN Chen, CHI Yu-jie, ZHAO Ming-yang, et al. Influence
of degree of hydrolysis on functional properties, antioxidant and
ACE inhibitory activities of egg white protein hydrolysate[ ] ].
Food Science and Biotechnology, 2012, 21(1). 27-34.

[21] BURGOS-DIAZ C, PIORNOS J A, WANDERSLEBEN T, et
al. Emulsifying and foaming properties of different protein frac-
tions obtained from a novel Lupin Variety AluProt-CGNA®
(Lupinus luteus) []J]. Journal of Food Science, 2016, 81(7);
C1 699-1 706.

[22] WANG Zheng-shan, ZHANG Sha, VARDHANABHUTI B.
Foaming properties of whey protein isolate and lambda-carrag-
eenan mixed systems[]]. Journal of Food Science, 2015, 80

(8): N1 893-1 902.



