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Optimization of Extraction and Purification Processes, Mass Spectrometry-
based Structural Characterization, and Antioxidant Activity Evaluation
of Total Flavonoids from Idesia polycarpa Maxim Cake Meal

YANG Zhenyu', LUO Kai', DOU Lei', HUANG Xiufang"", KAN Jianquan™"

(1.College of Biology and Food Engineering, Hubei Minzu University, Enshi 445000, China;
2.School of Food Science, Southwest University, Chongqing 400715, China)

Abstract: Idesia polycarpa Maxim cake meal, a significant by-product of oil processing, was systematically investigated
for the first time to develop an efficient preparation technology for total flavonoids. Using Idesia polycarpa cake meal as
raw material, the ultrasound-assisted extraction process was optimized via response surface methodology, followed by
purification with AB-8 macroporous resin and preliminary structural characterization of the extracts through LC-MS/MS.
The antioxidant activities were comprehensively evaluated, including DPPH and ABTS" radical scavenging capacities as
well as reducing power (FRAP). The results showed that under optimal conditions (ultrasonic power: 400 W, extraction
time: 70 min, liquid-to-material ratio: 50: 1 mL/g), the total flavonoid yield reached 47.85+0.05 mg/g. Purification with AB-
8 macroporous resin increased flavonoid purity to 39.06%+0.99%, while LC-MS/MS analysis identified seven characteristic

flavonoid components, including quercetin and quercetin-3-O-glucoside. In vitro, antioxidant assays demonstrated that

i EEE: 2025-03-25
HE&TH: B aAFFEE (32472256) ;3L 5 AHUT B KA F A48 (2023AFD080 ) ; A% B ik 5 1 BAT AL HUR WL 8 TR R P o FFak s
A (PT082301) .
EETNT: BT (2000-) , B, AR A, BFRF 8): K7 Fadn TE N5, E-mail: 929182462@qq.com.,
*EBEEE: 5% (1979-) , &, ML, I, AFE T %) R &5 %4, E-mail: 2973925187@qq.com.
WA (1965-) , B, 1+, #8, BARF @: RS F 5 E 5 R ®/RE 5% 4, E-mail: ganjq1965@163.com.


https://doi.org/10.13386/j.issn1002-0306.2025030330
https://doi.org/10.13386/j.issn1002-0306.2025030330
https://doi.org/10.13386/j.issn1002-0306.2025030330
mailto:929182462@qq.com
mailto:2973925187@qq.com
mailto:ganjq1965@163.com

- 282 - £ Tl B4

2026 4F 3 A

purified flavonoids exhibited enhanced DPPH radical scavenging activity (IC5,=0.057 mg/mL), representing a 33.7%

improvement over unpurified extracts, with a FRAP value of 13.68 mmol/L at 2 mg/mL. The study confirms that the

remarkable antioxidant capacity of Idesia polycarpa Maxim cake meal flavonoids is closely related to its characteristic

components, highlighting the potential for valorizing this industrial by-product.
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i) 5%NaNO,, ££4], §+'# 6 min; /Il 0.3 mL % 10%
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Table 1 Factors and levels used in response surface design
IR ——— T —
ABFSEHE (min) - BEADIR(W)  CIRH(mL/g)
-1 60 350 40:1
0 70 400 50:1
1 80 450 60:1
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Table 2 Gradient elution program of mobile phase

st ] (min) A(%) B(%)
0~1 90 10
1~13 90—0 10—100
13~17 0 100

17~17.1 0—90 10010
17.1~20 90 10
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B B 2 734 nm AL GE R 0.700+0.02, #EG, 1
b ABTST TAEM £ . B IPTF-C 5 IPTF-P £E¥K,

FHIC/K Z Bl il B B v B ARE T . B 1 mL FE IR
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E 734 nm LEWSEREE . AHFEIZRE T, PLJO/K LR
RERAE R 2s FAXTHR, LASEHR IS V o VA BHP: T BE
LU ARIHE ABTS' 1 B R

ABTS" H HETEREZ(%) = (1 - %) x 100

K A N 1 mL BEES 5 mL ABTS ¥
YGEE, A, A 1 mL FRES S mL JCUK 2B W G
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1.2.7.3 #REFIRIRGEEIIAIIE L FRAP k0
& IPTF-C 5 IPTF-P By AP LBE T, F R H
Zali 2500 (s, Ikt . T 96 FLER A PR
I FRAP i57) 150 pL. BEFREEZE vk 30 ul 1
HRPEEBE FE IR SR 20 L, SRR IR A A, #EG
HORCE 5 min J5 T 593 nm I A I A5 X R
Yefli. S258 . LA 1 mmol/L FeSO, i B = ARl ik J&
TR UE N2, AR YA [RIROCAE TR SR RN Fe?' 1955
e 13 5 FRAP(HP7. £, FeSO, Fr U 1 £& 2 -
y=0.03139+0.085215x, R>=0.99914 .,

1.3 IR

SR Excel2021 FRAFHEL TR B B 21 5 iR
Mgt @it Design-Expert 13 254 7 mi o7 16 [71 )=
P, AR AR T 5 S S A8 1 B XA (95% ) 5
i JH] SPSS Statistics 27 A AL NTE LGS E H
FLIHBRR 1C, [HMPLE M2 (ANOVA 43HT) 22
ST (P<0.05); i Origin2024 & H(H | bR
T 22V RAERE o SZESPATINE =R, BOE-YME, 5256
ZER ISP EHEEARUE T 253008 .

2 FER5Ph

2.1 IPTF 2R ERLIGLER

2.1.1 FEAIIRXT IPTF 2HECGRAIEm hmE 1l
J, BEE RS R A T, IPTF S B 2. -7t
FaF MR TR 400 W B R T Ik 45,77+
0.05 mg/g, IXJ& KA TEAH R SRS TRl Py, 8 A T3
BT, 24t B () A A A B R, IPTF i B bR vy 2%

250 3(')() 330 4(')0 450
A IIE (W)
P B TR IPTF IR 5200
Fig.1 Effect of ultrasound power on extraction amount of IPTF

e BARFR PR R TR R R 22 5 1 25 (P<0.05); B 2~ 3 [l
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ARSI SBFT TN Z 450 W, IPTF $2BUE 2 T
B, ORI D3R AR i) 5 | L 25 AR50 A1k,
DFEAHIRA HFR AN T2 45, Tiad & B 2 sl
Rt RIZL, e, 5 L R A8k, S
FROCHAHR B BTG, g SRS FE] 21 0 200 AL R
AR F7 TR ER B 19 2 SR — 2, PRI, #645 350, 400,
450 W A i [T e P DR R R ) — K
2.1.2 et Ext IPTF 2 sm kK 2 1)
B0, #EH IE]LE 40~70 min JE P55 IPTF $2E0E 5
.25 IEAASE, 50~70 min 5 [l T8 3 A Brisi sy, 78
70 min BFIRE|IE(E, BAARE L FHEas, BEpr=14a5
AL, REASIE NZH R FNZb ML IR, AT F T
HArfb &9 N EE T B i B, #E 70~80 min Vi [F
IPTF $&HGE IR H B R RS, 2 iRl
R EAb RS S R, T BE S EGEIN 2L S R0
POATEE AR, SRR IR N, A b A
LB GEAERY 7R R IR AL B B R i R B AR — 2R, H
WFFEIRIFE R WL 75 B AT LE 40~80 min {1 NAEAE S
(B (70 min), FE—EIGE 1 A8 A5 I a5 s 1 5
B I XURI ATV E . PRI, 369 60, 70, 80 min A
i 7 T i 3 H R R A B E] PR 2R B =K.

48

46
44

4'0 5'0 6'0 7'0 8'0
eI (min)
K2 HAISREIX IPTF S A5
Fig.2 Effect of ultrasound time on extraction amount of IPTF
2.1.3 WCRHEEXT IPTF $2HUGR RS2 & 3 ml 0,
TERRLEE R 501 1 B IPTF $RBURiARIE(E, A 47.76+
0.33 mg/g. TE 50:1~80:1 L FI Py IPTF WU 2 HT
TR, H TR BT, i 2P ok b2

48.0 g

475
5470
£465 -
I 46.0 1
=S

o
[
o

2 455 1

40:1 50:1 60:1  70:1  80:1
WORHE (mL/g)
B3 kX IPTF $REUR Y 5
Fig.3 Effect of liquid-to-material ratio on extraction amount
of IPTF

B AR JFARL SN2 5], TCik S5 IAH BAEFHBPY,
PR E — i Y B PN, 2 ROk A LU~ S 42
B A3 =R, ff IPTF S5 3 H o i 2470k
FEIR T 50: 1 B), 875 % 19 25 A AE FH 22 31— 2 BELA,
A BB PEREE 2B s 1, FEIR IPTF $2HEE, 3k
AU FI IR 2R, X HE A A5 I i
S50 A Vg B B R ) B ECT AR, PRI AR ROR] E
50:1 BfikE K. B, #E3 40:1. 50: 1. 60:1 Al
VAN % e RN % =S A TS [y Rt (G

2.2 IPTF $2BUa R E it ie

2.2.1 WA EIAR R G e ST AR RSS2 L,
KJH Design-Expert 542, LA RE](A) | B3R
(B). MEHE(C) =AEZE oy A AR, DAFRIGE A bz
{8, 3% Box-BehnKen 5 EH 53+ = P 28 = /K - )i/
TEISE, T 75 4l B 2 B IPTF Ay fsefdtil 45 T
Zoo M ARSI T R AR I 3,

3N AR AR

Table 3 Response surface test results

N s - P (mg/g)
A(min) B(W) C(mL/g)
1 60 400 40:1 42.6079
2 70 450 60:1 43.4499
3 80 450 50:1 40.5625
4 60 450 50:1 39.6743
5 70 400 50:1 47.9638
6 80 400 60:1 43.1524
7 80 350 50:1 40.2007
8 70 400 50:1 47.9309
9 70 350 40:1 43.0816
10 80 400 40:1 42.9763
11 70 400 50:1 47.8322
12 70 400 50:1 48.0125
13 60 350 50:1 40.0362
14 70 400 50:1 47.7993
15 70 350 60:1 43.6709
16 70 450 40:1 43.1342
17 60 400 60:1 42.5992

Xp 3 R I as Rkt Zonil A, 15 n
WA T7 R Y=47.91+0.2468 A—0.0211B+0.1314C+
0.1809AB+0.0462AC—0.0684BC—4.41 A>—3.64B>—
0.9290C2,

2.2.2 RN TA USRS Ty 25500 [IUASITY dnd 2814
R K F7 2553 L3k 4.

FH3E 4. &l 4 750, i EIEAERIE) P {E/NT 0.01,
ALY 22 Sl I 2875 AR AU P H KT 0.05, 3R
AU 22 /0N . TR Y BE VAR Hb S B H S TR | kR
FEEFE] . OB EEXT IPTF $RBG fdsenm, Hodh, st
A A S kIt A, B?, C* i S ZF HisE i IPTF $2HY
£ (P<0.01), Wkt C 532 H I AB 35200 IPTF
FREUE (P<0.05), HrEZRXT IPTF $2ECESZ AN ik
22, VB = A PRI 2R AR TR ()55 AR R g 7 7 B ] >34
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Table 4 Significance test and variance analysis of model

KW FHM BHE By Fl Pl WEH
BARL 143.978 9 16 1058.28  <0.0001 ok
A 0.4872 1 0.4872 3223 0.0008 ok
B 0.0035 1 0.0035  0.2348  0.6428 -
c 0.1438 1 0.1438  9.51 0.0177 *
AB 0.1309 1 0.1309  8.66 0.0216 *
AC 0.0085 1 0.0085  0.5648  0.4768 -
BC 0.0187 1 0.0187 1.4 0.3026 -
A’ 7233 1 7233 4785.04  <0.0001 o
B’ 55.93 1 5593 3699.79  <0.0001 o
c? 3.63 1 3.63 24041  <0.0001 o
5% 0.1058 7 0.0151
K 00737 3 0.0246  3.06 0.1541 -
4% 0.0321 4 0.008
AiF 14408 16
e “HFIRER B FE(P<0.05), " FIRE ML (P<0.01), “—"FiR
2FARE(P>0.05),

=
oh
g
i)
=y
#

Kl Eb>#E 75 3R, HAERS A ] S5 D3R N A E
YEFXT IPTF $2HEAA BT .

223 EMRTZEZSEMENELE  RYn iR aHr &
Design-Expert AT 4558, 458 IPTF &40 T2
S8, G5R BN S U3 400.134 W, 8 A B E]
70.302 min, %K 50.368: 1 mL/g, IPTF $2 B 7
MIE N 47.913 mg/g. G54 TS TR FNSZ BRI FH, 06
TR FRE: L 400 W AT, 50: 1 mL/g Wk Ek
ALER 70 min, A 3 RIZL, IPTF $2HUE Sl 47.85+
0.05 mg/g. FIFHIEE M ISR AA- RS SO AR 7 R Tt
Bt A A P, G5 R W6 B E, Rz b

SRR tER AT R

2.3 IPTF #ifksLi4ER
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Fig.4 Interaction effects of ultrasonic time, ultrasonic power, and liquid-to-material ratio on IPTF extraction content
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i, FE RS RE W A7 15 2 AT AN, SR B B Y
R U o 2T TR ' R S )RR VR R O R
1/10, BRI 23Rk o5, DAk B B IFLAR Big 18 o4 1
i s pias, W AR EL S 150~210 mL B, iR
PO HH VRO BR 40 EE SRR E T 10%, S H VAR
KT 210 mL, Fii e & 4 Fh KT 10%, B,
PEHX 210 mL /E4 IPTF Hek FAREATH
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Fig.5 Dynamic adsorption curves

2.3.2 JKEEFIHEMIBE TPTF ZESFLHE A e RAf
MR AU, HEAA AT S 3 R Ak W BFE, {5 2R
PRI EAE A T T 1223 o e Wil e 1, TRIBE v AT A
RN K I 2= 8T, U/t IPTF 43 iz, 2 6
T U, B 7R AR KT B 0, i R v P e R
BEEREAIR, MZRMKAARE 200 mL B, e s
B e B2 JLSF- > 0 mg/mL, 33 3% I ik vk B LA 58 .
A SRS ] AB-8 KRALM ARSI N BOAE s
$ R BN R, AE K R A RR ) i v SIS 5 2 SR Sl
3 BV, ARSI RAHINT, I ESE 200 mL S ZE4H
IRKIRBEAAFH

(Y % (mg/mL)
s o o
S 2 3
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o o
S S
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Fig.6 Amount of water detergent
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2.3.3 ZhEMIARLR TS ShaM R 2R El T
T FNXT IFLA BB B IPTF FOMREU IS A . sl 7 Fr
TN, TEFR W AR M 0~110 mL 6 BN, i W 1Y
T T A R AR, VR B B K 220, X R AR I BN
B3 IPTF AR AL A v i W5 6 e W AR TR
110~300 mL i[5 PN, Fif % & 2 1 v R ALl |- -, 72
130 mL B35 5 G, 3R B ILET RS i) TPTF MK

FLA NG f i, S sl R, 2 300 mL Ab R vk
BT 0 mg/mL, f# R LT ot A ff I A
FH2N 400 mL B, BEEAHEE A 0 mg/mL, k&3 KA
W R AAFR B AR J5 TG A S i 801, 3 e BH s R LR R
PRI, L AR S8 0, i S U AN P LA AR 1
IZARb A S R AER [T AB-8 RFLMARZEfL
VIS THE B B ) H AR AR A0 2 S G435 SR AR — 3K,
Bk, YEH 400 mL VE A2 AT

3.0

2.5 1

Pl B (mg/mL)

£

0 100 200 300 400 500
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Fig.7 Dynamic desorption curves

2.3.4 IPTF slifFEsrbr WALk, ek 28k 2R
PARFL 1710, (85 R R TR T R T4, 15 IPTF-
P, 4503, & AB-8 KL AELEAL, IPTF 4l n[ 15
BB LT, BARGER I 5,

S5 AUEETE AU

Table 5 Comparison of purity before and after purification

FE& W HGRE(A) BRI B (mg/mL) 4 (%)
IPTF-C 0.822+0.041 0.434+0.022 21.69+1.08
IPTF-P 1.482+0.037 0.781+0.020 39.06+0.99

2.3.5 LC-MS/MS X IPTF-P [/ % 5F 4% JBT i A

I AE B AR A SR 52 (DDA BT 58 1%, TEFR 4
UEBEE A 10 U, BB —fbaliE fE E (HCD) 2
By 10, 28 1 35 eV, — 2RISR B
FEIFE 35 100~1500 m/z, S 70000 455 55033, [
Bhi s EH HARME B E N 3x10°, 8 TIE AN a4

RT: 0.00 - 20.00 SM: 3B NL:

100 1528 337R9
95 Base Peak F:
90 FTMS +p ESI
85 Full ms
§(5) [100.0000-
70 1500.0000] MS
@ 65 2089
= 60 14.92
w
ﬁ 45 15.72
é 40
i< g(s) 511 13.35
25 475 808 978
20 7.88
159 103 7716310,’ T e By
1(5) ol 328405 0% Lo 150 1671 18211886
o Al A
0 2 4 6 8 10 12 14 16 18 20

PREATA] (min)
B8 IE B PR A2k ik (A

Fig.8 Basal peak chromatogram in the positive-ion mode



- 288 -

B Tl B

2026 4F 3 A

200 ms. TR S BERIE L A 7500, H Bh
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50 ms, SCERSTRIFEIE . R TR N PREOGR I (3
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190 Base sk F: FTMS FHBEIR SRR K, > IPTF-P Bt 0.6 mg/
- p ESI Full ms
2 5133)%%%%%'] s mL i, {WEERRATIA 96.84%, SRME T V. 1 DPPH
80 : . s \ N
7 8.07 Jog 020133 H IR BR A 99.99% FHERE . Sl G 4 rETT
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45 7.14 . N
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Fig.9 Base peak chromatogram in negative-ion mode % f X’CTF-P
& 201 4 IPTF-C
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verer 3.2(Thermo Fisher Scientific)F- & 172 70EK
Pt R WK FH 43 M1, T 36 ChemSpider #84 J% . CHEBI,
CHEMBL . KK ¥y Ko 88 i - FH 22 45800 R 9 o
FF mzCloud 5 mzVault /Y Best Match 7% MS/
MS Ji% KT AT DEIC BE PP 5, T e MS? #7255~ DL
IBE>80% LS WINE AT SR E 1T, FARME %K
PEIEILER 6.
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R
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Fig.10 DPPH free radical scavenging ability of the IPTF
before and after purification

2.42 ABTS*HHIIERAEIG R HT  ABTS'H
RS — R LR R0 A 8 A AR 3 BH T, Jm
ABTS " S mmRet b =A=1" WmIE 11 vl %, s
SR BB, IPTF-C 5 IPTF-P X ABTS* A i
LY TE BRSRBE 22 4 0 . AF IPTF-C Jit 22 Wk & oy
0.6 mg/mL B, ABTS* { H IEVE R F K 99.67%, 5
RS R Y Ve BT BR R ICI B 22 57, R W
IPTF-C 73 m e BERT B R AT ABTS™ [ HHERW
BREEST. 4 IPTF-P i ¥k E A 0.2 mg/mL B, 75 R
ATk 97.96%, HAE 0.2~0.6 mg/mL 75 [F N, IPTF-P

# 6 IPTF-P H fii & B2 5
Table 6 Flavonoids contained in the IPTF-P

R #30k, i G = s S s S
EEF Quercetin Wit K % CisHgO;  303.04922 303'041921;’01‘%;?4362’ 8.001 83.6/73.2
EBT Quercetin-3-O-rutinoside Wit R-3-0- 354 CyHy01  611.15906 303'();32_%’5%55'3282’ / 80.9/84.9
EEF Morin FHR CisHig0;  303.04922 303'04292199_’02‘;7584381’ 8.38 82.2/67.7
EET Quercetin-3-O-glucoside Wit % -3-O- % Cy HygOp,  465.10193 303'0‘1922?65355%2826’ 8.386 75.7/87.3
EET Epicatechin FILEHR CisH, 05  291.08585 147'04133718"0219%?4891’ 10.18 -/73.5
EET Astringin B AZ A A W CyoHy0y  407.13275 135'()?3273?65;7580802’ 5.134 70.4/84.9
IEBF  Peonidin-3-O-beta-galactoside 25 H-3-0--2EFUMEH  Cp,H,,0,,Cl  463.12228 301'0691167’.3336504605’ 8.855 82.1/88.5
T Quercetin-3-O-glucoside Witk 2-3-O- i CyHy0p,  463.08865 300'0237812_’()‘;331'208682’ 8.379 73.2/73.5
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before and after purification
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Fig.12 Iron ion reduction capacity of the IPTF
before and after purification
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