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Abstract: In order to improve the resource utilization rate of Hovenia dulcis pedicels (HDPS), the purpose of this study was
to optimize the extraction process of saponins and evaluate their antioxidant activity. HDPS was extracted by the homoge-
nization-assisted ultrasonic extraction. On the basis of a single-factor experiment, the extraction process parameters were

optimized by the response surface methodology, and the crude extract was purified by D101 macroporous resin. The struc-
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ture and composition of the purified product were characterized by Fourier transform infrared spectroscopy (FT-IR) and
ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Finally, the DPPH-, ABTS™,
-OH, and the ferric reducing power of HDPS were verified by an in vitro antioxidant model. The results showed that the

optimum extraction conditions were as follows: Ethanol concentration 49%, liquid-to-solid ratio 30:1 mL/g, homogeniza-

tion ultrasonic time 21 min, ultrasonic power 400 W, homogenization power 500 W. Under these conditions, the yield of

HDPS was 4.41%+0.13%. After purification by D101 macroporous resin, the purity of HDPS was significantly increased
from 34.37% to 67.12%. UPLC-MS/MS analysis showed that HDPS mainly contained saponins such as echinacoside B,
jujuboside B, and so on. In vitro antioxidant experiments showed that HDPS had significant scavenging ability to DPPH-,

ABTS™, and -OH radicals, and its ICy, values were 165.3, 56.2, and 168.7 pg/mL, respectively, and had a certain iron

reducing power. This study provides a theoretical basis and technical support for the comprehensive development and uti-

lization of Hovenia dulcis fruit stem and its application in the field of functional food.

Key words: homogenization-assisted ultrasonic extraction; Hovenia dulcis pedicel; saponin; process optimization;

component identification; antioxidant activity
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PR

BT AR P E N AR NS T
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PEPH T AE PG EVERTS, H AT, X UER AR
F R ZAE b T 2P 5 IERIS AT, X B2 sy
(Hovenia dulcis pedicel saponins, HDPS) f¥) & Gt 57
AbTHE2E BB, B OCT HDPS (IO s 22 LU
R BTG T Y, XA N T
HDPS $2EUET, fAAEFITHFER . $REE RS | #ffE
TR = SRR, W] R S E R S R S A
PriE RN SR S IRAG SRR B 1 R FR P,
FH B . STIR AT A Bl R B R R R R P AL
FIFARIEE R ST A2 2 ¥Z e, A $REUR)
FHZS ROV i IR A 0B, R R Hh U2 ST3R SR BN E
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Xt A B UL R pis B B BE T, B FEN
S =0 S L2l AR ) ST i alifb 3R B
R IFICR S

AR S Ao B PR 2R S e g e g TETR DA ST 0
B 75 32 HDPS T 202544, i 1A FH RFLB R XS
AU T 2T BB A T e, I B AR T
HG1E (FT-IR ) 55 48 5 0 FH (1% - BR B BT 1% (UPLC-

MS/MS) Xt alifl 7= W) 135 17 4540 R ANE 5 2H il S8 5 5 e
J& , RIS AR T 255 PP HDPS (19 H 3k
I EREE 1 SERGARAE ST . AT B T AR SAE B
VR IYTREE T R FR AR B AR A 5 IR S A B 3,
s A S M IME AR BT FR S T Re k& 5 Rkt
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1.1 MRS5S

AREIRAE SR [ SN A B ST SRR S (4
BE=98%) . IRALE LR AE YR A BRAS F
ERE (Al =98%) _Lifgh T bRl A
BN oK LB REET BG40 B F
WRE  REETT SRR T A R A SRS 4N, B
i AN REETI R 1Ak GR A B A5 B i Y.
2R EREFIRER . —ARER REETT RO )
1,1- 2R 2L (DPPH)  HIEANSS A= Rl A
PR T SR RIEEE T A AT BRA A5
MR R YLRA AR FRA ] DU MR
(V) 2,2-BRAEXL(3- L FEATT a6 -h iR ) — k%R
(ABTS) Z2H Sigma 2\ H]; LI FEF  45 4
aili; SEES /K R SR 2= F 2RI K .

KQ-500DM A FIH VeSS RIS = sk
HIR A PR F] FSH-2A Wil SJ3AL H JHAEREAL
28 PR\ 7 5 Infinite M200 PRO ZIHEERFFRIY i
+ Tecan 2\ Fl; HCI-6C #E 19 FEK s H N IEES
A 38 A BRA F]; 22R il 2.0l FEE Thermo
Fisher Scientific 2\ 7]; RE-2000BjiEf% 25 & #% g
— B A R A ] ; BSA124S B H, T- R fE[E
Sartorius 2\ ) ; Frontier B4 B IR a1 G35
% [E PerkinElmer 23 7] ; UV-2600 %5 #h-0] UL
BETl HAZS Shimadzu 22 F]; 7890A-5975C BRI AH R
% S Y 32E Agilent Technologies 23] .
1.2 SLWHE
1.2.1 APREEE A RIRE T S5 B S aE
M IEIT AV EAE . MERRFREL 20.0 g B3fis ) AR
SRAH, 25— 2 R LU AAS R 4 £ B8 T, AE T
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RE TS DR AN S IR D3R PR g i) a], $RHss
J&, IRE W T 8000 r/min B.0> 15 min, IR FIHHR,
LT & (40 COMRYR T, YR IR T4, 49 HDPS fH$E
YIETHY, BT 20 °C EEH.

1.2.2 BARZESE FEWSLIGLRER L, ek
AHEEEE AN B E 60%. CKBHEE 30:1 mL/g,
S FERTTE] 20 min, HFE D% 300 W, SJIK T 5
400 W, RAFHEZFEHIAR RS, 53507558 Bk 5
(40%. 50%. 60% . 70%. 80%) . kI (10:1, 20: 1,
30:1, 40:1, 50:1 mL/g) . 23 RFMEI(10, 15,
20, 25, 30 min) . #7 Tj %2 (100, 200, 300, 400,
500 W) A 513 353(200., 300, 400, 500, 600 W)X
HDPS 153214520 .

1.2.3 MmN ELAEE:  HR4YE Box-Behnken HH0r2H
A BT R, A B R R g 2k SR I I, Xt
HDPS 152852 W) AN 8 25 9 VRCKE LU AT 2R B 2, BEEY
X} HDPS 15385200 e Sy 25 10 = AN 3R QBB
(A) | 2B FE A (B) FE R T3 (C) 7 = H 2
KOV e N T 3 AT, SRS S AT 17 SRS A,
FHorp g 5 A-rhul SUBRIGTESL iR 22, B 5K
SR 1,

F 1 N R 5K

Table 1 Factors and levels of response surface methodology
experiments
HER
S8 P ———— re——
A: CEEREE(%) B SP3BT (min) - C: R TD)RR(W)
-1 40 15 300
0 50 20 400
1 60 25 500

1.2.4 2EFEFRINE HDPS 185RE S L1 &8
P IEITRSEIE S . BeHI BT B 1 mg/mL 5%
BICR TR AR UE TS W, 53 9 W B S SR PR AR UE TS W O
0.2, 0.4, 0.6, 0.8, 1.0 mL T8 P, H-LIIC/K 2B
#PFFE 1 mL, ZR)GIRIRFEASRE PINA 0.5 mL &5
- 2 VA W (R 8% ) Al 5 mL AYARAR (1A FH 45
B 72%), IREIE T 60 °C /K 10 min, 7KK HEH
15 min, JHEESM-0] WA CEETIHE 544 nm AN
EWGRE o DASTHICRIR ) o3 H R 5 SR R, AHN. 1
SRR PN, 2t SRR R R, 152 BT 7
vy=2.9624x+0.0911(R*=0.9979) .

Z M Rk, IR 544 nm 4B HDPS
WG, AR YRR EITZ 158 HDPS it i,
+23(1) 314 HDPS 5%,
PpXVXN

m

A (D
FH: Y oA HDPS 153, %; p bR AfERTZR T

15 % 1Y) HDPS Jii & ¥ B, mg/mL; N Ry #i B 4% %

V ARESR ST, mL; m ARSI, mg.

1.2.5 D101 BIXFLMAELE{LECE: =55 BAHRAMI

Y =

SEU S IR A, D101 RFLA R FH A
WAL BB I BT 95% L EEIEHL 24 h T 04014
i, ZET K BE 2 TCRER s B S 5% HC1 BN 5%
NaOH ¥4 ShASRVE 4 h, LLZERZT fim JHZEE
kP E P E, D101 YR )5, BEwIih DA R
>4 2.0 mL/min, HDPS FFEHEE A 2.0 mg/mL, #3535
LFER (05,0 1.0, 1.5, 2.0, 2.5, 3.0 mL/min) F
HDPS &£ (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/mL)
X7 D101 KFLNE T B 1452 i ; 42 R AIG35E it i 5
FAFEA TR IS, B WIAE e LB N 60% . Yk
MR 2.0 mL/min, FRITBENL LB E (30%. 40%.
50%. 60%. 70%. 80%) FNYPE i i # (0.5, 1.0, 1.5,
2.0. 2.5, 3.0 mL/min) XTYEMBORRENT . FEmSfFE
[t R AR T AT alife, WedE4lifh )5 i HDPS, £
wedn . T A RS4lifb/5 HDPS,

1.2.6 HFBHMEL(SEM)SrHT AT LRSI S
R 3B RS TR RIA A AR T A g A A 52, SR
B i (SEMD) XA S EA T T g . 1T SEM
Sy HT Z 0, BT IR S AR R AR R T, IR
2 &R N, LIB IR s gad R e e AR
MG, WIER ARSI TAN R . T ARSI S
HAS A T TR, BRFERNEE SN 0.2 2 30 kV,
TRATFELC R 400 15200,

1.2.7 £4BGIE(FT-IR) 48T HERMFREERRT T4
TR IEA 200 mg, 4355 4lifb /5 HDPS #£R8 K
2.0 mg RA, BUA AR PUETR A A 2500 R .
FHEA RN R AR A i BGSE B, PR
=W, AL E 7 i 5, 7€ 500~4000 cm™!
YR A R S A T R E P . B, 4 Origin
2022 2 EIAFIATEER L

1.2.8 UPLC-MS/MS .4y 4r#r R F UPLC-MS/
MS xtalifb)5 HDPS #7558 500, &% WU 4522
MBS 7 1T BRI, (2345142 Thermo Hyperil
Gold C ¢ fa34E(1.9 pm>x100 mm=2.1 mm), FishtH
A: ZNE-IK (NG AR 5:95), Hshtd B: 0.2%
WL /KIAEWR, BEEEBERR.(0~1 min B5F2A 98:2,9~12 min
B} A 2:98, 13~15 min B} 24 98:2), i & 0.35 mL/
min, HREE N 3 ul, HEIR 35 °C. I AM N IR sE
B FUE(ESD, IEf & FA, BTEAREE m/z
80~1200; Wi 35 Hi JE >y 3.5 kV; B 4N 4 Fnl Bl =4 m
AR R 320 °C, FBAAARFLE S 10 mL/min, 4
IR 40 mL/min, MS 43#E4%J 70000 FWHM,
ddMS2 433K 70000 FWHM, fill# BEf (NCE) Ny
20/40/60 V, 53 EHE o8 1.2 m/z, i@ id %) He—2% 5
TERE I T feT b 5 SRR B R S, T SRR
5 MoNA ¥¥s 17 EbXT, w1225 e giifb /5 HDPS
FAZE A o

1.2.9 RSMLAE LTSI E

1.2.9.1 DPPH-EBRBEIIMIMIE =% LIU 552 11
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g Em it . BGE B4l baTf5 HDPS #£5,
Bk AN [E] T (50, 100, 200, 400, 800 pg/mL)
(S = STURE S N R IR A DS & TR R il BT LT
DPPH %% (0.04 mg/mL) LIAAFILL 1: 1 IRG, f£=
IR 52 30 min, AHBISAAT, LATJS/K SBEE N2 1
XFHR L Vo VENBHMXT IR, FHESFR G EAE 517 nm 3%
KA EH W SEE, SPATIRE 3 ¥R, DPPH- B KRR IT
AKX MA(2),
A —A +A,
—X
1. 14 HDPS Xf DPPH-7%5 K4, %; A, NG
7K Z. W5 DPPH-W G ; A, v HDPS 5 DPPH-KY
G A, SHIC/K L EES) HDPS FYTRGHEE
1.2.9.2 ABTS'-JEFRRESIAGMIE S5 3CHR [24—-25]
WEFE T IR AT ekt . BGE =4l fk AT J5 HDPS #£
i, B A R B (50, 100, 200, 400, 800 ng/
mL) FURE AR . B ABTS £, FHTC/K 2R 7t
% 734 nm ALRSEEESA 0.700+0.02 AUTREE T ABTS"
TAER A ¥ ABTS" TAEMFEAFILL 1:1 5351
InAglifbnr s HDPS W, IR 6 /5 TR T R
B 30 min. AHFEISAE T, LATJC/K ZBEAERas X g
Ve YE R IR, BRSO E A 734 nm <AL
B SEIE, SFATINRE 3 IR, ABTS - IEMR I
HIL=(3).

1(%) = 100 = (2

Aj—A +A, «

0

1(%) = 100 = (3

i1 1 4 HDPS XF ABTS" 7555, %; A, NG
K 2.5 ABTS -8 GEE; A, v HDPS 5 ABTS'
B GRS A, HIG/K LS HDPS FYMGEE
1.2.9.3 #ILHHILBEREEIMNE S5 L1 &P
P AE 5T 7 15 T BEA T e i3k, BGE H 4lifh AT f5 HDPS
e, BC B AS 5] 5T 5 ik B2 (50, 100, 200, 400,
800 pg/mL) WYL SR o F SliAb i J5 A Wl i W 4y
55 FeSO, ¥ # (6 mmol/L) LIAFIEL 1:1 1RG4
A1, SRIE I AAA AR H,0, %5 (6 mmol/L), k¥
GV 10 min J&, T 0 AKH [RAARB 4 K A7 B8 75 W
(6 mmol/L), 37 °C /K¥ i 30 min, FHFISAFT,
PATCIK LB M 25 AR IR Ve AR BRPEXT I8, FH
FRASGIEAE 510 nm P AR 20 P OSGAE, 47058
3 WK, FREE A HIEEBRRIT AR ILA(4) .

1(%) = # 100

e 120 HDPS X ¥ 3% H A 3% 09 37 B %R, %
A, HITK RS ¥R [ RIS A S HDPS
SRS A LA A, SJG/K 21 S HDPS 1Y
GRS
1.2.9.4 HEAFEIIE SRR 5 st
I TEGE, 1% ERFAREITECHI: 1 g MERRILEp
JHEE TRKELRSR] 100 mL, 1% =& ZREH: 1 g
M= OB F/KEZF] 100 mL, 0.1% =4

A @

TR ERECH] : 0.1 g 19 =&AL H X2 8 F Kk 2 25 2
100 mL. HGHER4LILET/S HDPS #8450, Bl slASH
SRR EE (50, 100, 200, 400, 800 pg/mL) FIFE L%
W, A 2.5 mL PBS, FZo5r PR IR, FIA 1% £k
FACFR W 2.5 mL, K3 50 °C SV 20 min, PN
A 1% =4 LR 2.5 mL, B5.0> 10 min B &
2.5 mL Il 2.5 mL A9 2B F/KFENILA 0.5 mL 0.1%
M) = E AR, LATIC/K Sl 25 IR RR . Ve AE
Sk BEEE T BE, 2  JS AE 700 nm AR I SR, ST
RE 3 U, OGBS m IE A SRR T BR5H,
1.3 HIELE

{57 ] Design-Expert 13 F A4 0l b7 T 50 1
T S5EIEHMT. KA SPSS 23 AT AN E 24
ST (ANOVA), P<0.05 A hZE R BG4 X,
T SISy TR =R, B LIS E bR vE2E R
~o EIFRZ A Origin 2022 44
2 HBRESHh
21 BEREBERSH

i AN BRSO A T LR | R 513K
AP R] | B DR S ST D)X HDPS 15 5% 152
i, ZEIRANE 1 iR . RIEIAY Z B EEXT HDPS 15
RN E 1A BT 78, HDPS 53R [ 2, B5 4k E 1Y
Tt R ESEH E BERAR, BRI S 50% A
HDPS 595K B 4.37%., XM T 2R E A
[F) S B0 I AN ], AR YR < AHRIAEES R, 50% 4
B 15 HDPS 195K -3 /K S R VLR, A5 7
TP, Y2k R 50% 5, SO A
% AZBH, AN HDPS 75 %KMK, BRI, 58 50%
1) B A T B85 56

N
O

EEY

[P =S

A (00)
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Fig.1 Effects of different factors on the yield of HDPS
T AR FRERRAT B 122 57 (P<0.05), 181 7 [A].



%478 5 18

e R, WU R 2O BT s T - 247 -

AFEH R LT HDPS 13 3R A5 aniE 1B Br
No WCEHEEM 10:1 mL/g 3#6n%) 30: 1 mL/g, HDPS
BN 2.61% FEHNE 4.10%., X I8 K i 2438wk
BEECRERE RS 7 ) B, A5 R T iE R A
R HAE R > ok kg 30:1 mL/g )5,
R TR, X2 TS i e R 2
Dk, A3 ARSI P S TR0, RIS, ad ROk E
IJESer R an I REFE AR . PRI, 269 30:1 mL/g
PV LA TR SRS

AN ] 4 20 3 588 75 BsF 1) X HDPS 75 5 114 52 i 4n
Kl 1C fiR. BE SIS A Y EEH, HDPS 7543%
PSR JE BT, ESIIRE S BRI 20 min B
SR ENWEAE, P — B 2E K ZE 30 min W53 38 R R .
B A TR AE AR BRI () A B THE 58 2S AL S5 ALK
BYYIVEA, fEdkan i 2 5 ARk B, SR, ik
P4 b BT () S B0 TR, 51 R R I SRR, DA
TR0, R, 1588 20 min Y SIIZEEFS HT [A]
A TIE SR 5

NG AR 7R Th 3% HDPS 18- 3R A 52 M 2 & 1D
. BEE B DZRAEGHN, HDPS 1535 S Pl /chs 5
Fraiast, B IThEAE 400 W Bf HDPS 155615,
SHZAE G HDPS 155 F . O T8 24 s i s
Y] s A B S RSN, e U an e 2L S
PNZSIREII . SR, ok i 75 D) 2 R Uy a4
SmIZIsg Y], 5 B oW OB ILK el s (8] 4
S ARt R I, PR 400 WIS DR TR 4k

ANFEEY ST DX HDPS 18R i s2mman € 1E
iR o BEESIIRDIZREE N, HDPS 159 % S 3 5e kg 5
Reriasty, 213 Th=27E 500 W B HDPS 75355,
HZAH/G HDPS #93% F [, X THE A KR
AT ESRA BT V) 77, A U R A RE 244, ARk et
B, RN, SI3R DI i 2 SR BR GRS T,
5 & AT EA R, [RIE sy b rT e S8 i S
BER 17 o o | S R D G A 1 A = WETE 5 ' e it
Ik, R 500 W ISR IR 2255560 .

2.2 MEERARE

T PR RIS L5 I, i et R (A) L 2
B FE ] (B) M AR TR (O Eh A A8 &, LA
HDPS 15 2 & i) W (B, % F Box-Behnken 47 1] )i/
AR R = 2R = AR, JRGERIT AR AT
HAEFHXT HDPS 15 3R A5 . il ad 7 kLI
[ R AT B LR IS B &, BARIGS R0k &
FHEE IR ILER 2,

FIJFH Design Expert13 /4, X3 2 = p Bt
ATENRLE, A5EILL HDPS 753 A0 AR [B1 U= 5 A4
SH: Y=4.38—0.0325A+0.0450B+0.0350C+0.0125AB—
0.0275AC+0.0475BC—0.1893A%—0.1693B>~0.1642C>,
anz% 3 P, ma Rz T IR P<0.0001, X2 W 2
K, eI P=0.2337>0.05, .55, 2% B934

K2 WERRL S5

Table 2 Response surface test design and results

TS A B C Y (%)
1 40 20 300 4.00
2 60 20 300 3.98
3 50 20 400 435
4 50 20 400 439
5 40 15 400 3.97
6 60 20 500 3.94
7 40 20 500 4.08
8 50 15 500 3.94
9 50 25 300 3.99
10 50 20 400 437
11 50 15 300 4.02
12 50 25 500 4.11
13 50 20 500 437
14 60 15 400 3.92
15 40 25 400 4.09
16 50 20 400 438
17 60 25 400 4.06

3 AR 2 AT al R

Table 3 Variance analysis results of regression model

FEKRIE  SFHM ARE % FlH Pl WEM
L% 0.4772 9 0.0530 153.36  <0.0001 o
A 0.0084 1 0.0084 2444  0.0017 o
B 0.0162 1 0.0162 46.86  0.0002 o
C 0.0098 1 0.0098 2835  0.0011 o
AB 0.0006 1 0.0006 1.81  0.2207
AC 0.0030 1 0.0030 875  0.0212 *
BC 0.0090 1 0.0090 26.11  0.0014 o
A 0.1508 1 0.1508 43621 <0.0001 o
B? 0.1206 1 0.1206 348.88  <0.0001 o
c 0.1136 1 0.1136  328.57 <0.0001 o
B2 0.0024 7 0.0003
REIT 0.0015 3 0.0005  2.17 0.2337
WREI 0.0009 4 0.0002
eyl 0.4796 16
R?,;=0.9885, R=0.9950, R, =0.9470

T #*FR 25 T B 35 (P<0.01); *FREF B (P<0.05)

RIS FRE R4, HREAIPEE 25 R?=0.9950, FIE
Jii R,4=0.9885, SRWIIZA A REMERA i S e 1 2L Ik
B SIS [R] R 75 D)X HDPS A5 5528 (152 1,
A FHF ST AT HDPS FY¥EE T 25, B FAERT
AR EXT HDPS #5324 s2 a2 B i i 2R R
SIFGEFER A (B) . MR TIER(C) . LEEHREE(A) .

i 7 FH AT R R S i R AT A 2 PR PR R RS
HAEFAXT HDPS 1552 1452 W B2 8, mw 57 i T 4 35 )%
ARG, | G mRR AL, ULAHIFSE R 3 %) HDPS 1538
PRS2 G, A 0, 22 AR/ N, aniE 2 7
7, B2 AC. BC i BEEBENY, 4= & 2 RE,
Uil AC. BC A BELHAER, AB MR ZE R 5%
R EEEETE, U e IZ Mg BEAEHSS. 5% 3
T 22T EE R —E
23 HEIZWIE

HPE Design-Expert 13 X A {805 5 7



£ 248 - B Tk B

2026 4 9 A

AP (%)

I
S

~
<

S
:::s*’
N \

#7406 1] (min)

45 50 55
A CFHRIE (%)

B (%)

”'l ‘{\\\

X ‘
<, ,/;;,';;"% ." SN
RPN

45 50 55
A: ZEHKIE (%)

AT (%)

S III' 00“\\\\ N

2 ' 220020202

jbzl 4?7’1":%‘0‘&“
0.0»

C: TR (W)
S
g
&
=

j/ﬁ 350

00
15 17 19 21 23 25 (W) 300 15

B: ST 0] (min)
K2 AFFZRZEEX HDPS %KE’JE; M

Fig.2 Effect of interaction of different factors on the yield
of HDPS

M), A1 R B AR R HDPS B BSR4 R 2
By B 49.09% . WOFFEE 30:1 mL/g. )3 #8745 i ]
20.75 min. A IE 413.56 W, 5] IR 400 W,
SRR UEERAE RT AT, B T S5 EHE R 49% 2,
B, 30: 1 mL/g WORHE . 21 min SR EFSHE] . 400 W
FBFS DR 500 W A3 TR, Fe iz fe T 2530k
7 3 IR 528G, FTfS: HDPS A5 4.41%+
0.13%, SASETITRIME 4.47% AHVT, BaHiZ T2 BAA
Rl S SRR e e
2.4 HESH

JH D101 KFLHAEXT 7S HDPS M1 74k
1k, SCEGLERANE 3 ffR, HDPS dfaifb 4514 R
REHR R 2 mg/mL ., YRR ZBERE R 50%, 455
SEWZ R . FARMTRICR SRR, BERE AR RIS i A
1.5 mL/min. 7EAS 2 HALELILS& T, HDPS 194l
i 34.37% R T = 67.12%, IEB] D101 RFLI G
X} HDPS HAT R Uf- 5 4 he )1, M N Ja Sebi A Abis
PRI ATHRAL T R Al R AR
25 FHEEMIRERS

38 e L LSRR BRI S A il A B & g A
EnE 4 s, B 4A SRANBE AR A, 5L
ASFRIN) @ BR AN R AR SGE, R EkLRE . K] 4B A
PR IUS n 5T, ZRIATRE A% ELAT LI, T2 A2 2%
P IR 285 28544, BLAT SEMS RIS EE SR AR AFIE . 18] 4C

A 90
80

< 70
*
= 60
B

50

R %) @
g 3 3 3

N
S

40

0.5 1.0 1.5 20 25 3.0 0.5 1.0 1.5 20 25 3.0

PR (mL/min) R EE (mg/min)

BT (%)
2 2

w
=
w
=

40 40
30 40 50 60 70 80 0.5 1.0 1.5 20 25 30

LBERIE (%) PEMERLE (mg/mL)

K3 ORI LRGSR X HDPS W R A% A W4 F) )
Fig.3 Effects of different loading conditions and elution
conditions on the adsorption and desorption of HDPS
were investigated

4 HHURAEEORL (A) AR (B) | SJ54EH (C)
I I B 5 BB R ARECRAE LA ) (D) A4 e
Fig.4 Scanning electron microscopy of the raw material of
Hovenia dulcis peduncle (A), ultrasound extraction (B), homoge-
nization extraction (C), and residual material after homogeniza-
tion-assisted ultrasound extraction (D)

SR AT R UG BO5R M, F2 30 5 AR 00 TURLIR 25 44 .
&l 4D k5] 3% 5l Bl kR e H B 1 SR T, SRR BAL
ARG ARAR B AR 2544, AHAR TS 3R R = b
HRAYAE S, FLBRTE 2 00K, G5AmeRT in™E , 45 2R
PSR S S UMRIVE AT SR E T A RS, 1
5 T HRIGRPC T Bk, SIS AR B A T A A
HERTIREIL, $& 15 HDPS 153,
2.6 LISMRIESR

& 5 Ralifbhi)s HDPS AUZr/heiglE . aniEl s
i, slifbf5 HDPS 7€ 24 5B 1 RRE IR 0S4k 19
F R R, R BT R AR . BAA
kG 3358 em' BT TESR U )T JE T R AT 45 44
FOEELRTE ST Y O-H g dsh™; 1614 em™ 4b1Y
WA ] 5 1 O CR I (-COOH) A B 4n R sh A
KB HE 1033 em ' BRHIT HY BR A 58 W2 S0 g, S S TR
#Eh C-O-C B 47 YR 20 1% B AL REAE 4, 33 J2 48 5]
BHRMAEGY I LEET 22— tkSh, 1446 cm™!



%478 5 18

e R, WU R 2O BT s T - 249 -

1342 om™' &b iy I W g Y F e Sk 1 C-H 25 il PR
By, M 830 cm ™' Ab By I NI T B FR H OGO B L
i C-H &S i sh =211, FaReeiEg, JrnH R
1033 cm ' AbAOBHILIE S DA AL 1614 cm™ AbAUMR LS
SAEAifb )5 I BIE5E, J HDPS W & iAr ISk
SrERAE TR AY FT-IR UEHE

830
1446

3358 1033

1614

aifb)s

R

4000 3500 3000 2500 2000 1500 1000 500
P (em™)
[ 5 4ifkEE HDPS AUZLAMGE A

Fig.5 Infrared spectra of HDPS before and after purification
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JEFE P, SR SR A X DPPH [ i 3L 75 5 R 1
A 325 5 (P<0.05), #E 800 pg/mL ¥ & i, ¥
% 2R L 2 30T IR A e B A BHAMAE X REL Vi, HE 1C,, (B
165.3 pg/mL, HET] 0L, BHARSRAE 247 X) DPPH H
AT — e TERRTE .

ABTS" - 2 —FM AR ) 12 BRI AR 4
PrEALTHPER T4, HDPS X ABTS" H 375K
RN R 45 AN & 7B B, 7R SE 56 R B Y R PY,
HDPS X ABTS™F FH & {47 BRAE 77 Bl 5 Mk B 14 R
BWTINGE . ZEHE 50~400 pg/mL 72 [FE P, HDPS X

# 4 @i UPLC-MS/MS 43H %52 ) HDPS FE 45
Table 4 Main triterpenoids and saponins identified from HDPS by UPLC-MS/MS

5 HFR ¥l RT(min) m/z I m/z3PRfA 1R 2%{H (ppm) T AR
1 WALB CsoHggO, 3.9 1015.51193 1015.51068 -1.23 17466
2 v S N Cy,Hg,0,, 5.77 1043.54323 1043.54431 1.04 72348
3 PR RiB Cs,Hgg0,5 3.37 1134.5646 1134.5663 1.50 54896
4 FEUT R Cy0H,50, 8.28 471.34798 471.34903 223 166360
5 AZRBAFF1 C;6He,0, 7.72 637.4321 637.43211 1.73 210089
6 E 6 R C30Hy604 6.57 501.32216 501.32266 1.18 813075
7 B KR C30H,605 7.9 485.32724 485.32834 227 1883502
8 EtEsERll C5,Hg,0,, 3.34 1029.52758 1029.52625 -1.29 249140
9 i e 1T C30H,604 9.78 453.33741 453.33847 224 232010
10 FIEHD Cy6H5504 8.55 634.40863 634.40936 1.51 1725115
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Fig.7 Antioxidant capacity analysis of HDPS
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