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Abstract: To investigate the desirable purification process of ponkan Chenpi flavonoids (PCf) and their in vitro antioxidant
and hypoglycemic activities, this study extracted PCf using ultrasound-assisted solvent extraction. Four types of
macroporous resins were evaluated for their static adsorption-desorption efficiency toward PCf, and HPD-500 resin was
identified as the optimal carrier. Single-factor experiments were subsequently conducted to optimize the purification
parameters. The antioxidant activity of PCf (before and after purification) were assessed using DPPH radical scavenging
rate, ABTS" radical scavenging rate, and ferric ion reducing capacity. The a-glucosidase inhibitory activity was evaluated.
Results demonstrated that HPD-500 resin achieved the highest purification efficiency for PCf under optimized conditions:
2 of pH, 80% ethanol concentration, sample loading flow rate of 4 mL/min, elution flow rate of 3 mL/min, and a sample-to-
eluent volume ratio of 1:1.6. Post-purification, the reducing sugar content of PCf was significantly reduced, while the total
flavonoid content increased (132.2+9.62 mg RE/g DW). Purified PCf exhibited stronger antioxidant and hypoglycemic
activities, with 93.75%+0.82% of ABTS" radical scavenging rate reaching, 77.42%+0.91% of DPPH radical scavenging
rate, double ferric ion reducing capacity, and 66.84%+0.67% of a-glucosidase inhibitory rate. In summary, HPD-500 resin
is suitable for the preliminary separation and purification of ponkan Chenpi flavonoids, and the purified substance
demonstrates significant antioxidant activity and inhibitory effect of a-glucosidase, providing a valuable reference for the
further development of ponkan Chenpi-based functional products.
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P AR B2 FT e, 3 50 B i, PL 1:25 AR Eim A
60% Z. BE, 50 °C #7 400 W i B $2 BL 30 min,
3000 r/min #5.0> 10 min, & 3 K, 57 LE®R. H
VEACTIE 2R 0T e VSR BEEL 758 A SO i o

Z MR R 4 S5 S g I 2 vk, B W 0.01~

0.1 mg/mL ¥R BE Y™ T X BE IS, B 1 mL 3 0n
A 0.3 mL 5% NaNO,, ### 6 min, JILA 0.3 mL 10%
Al(NO,), 7EHHE 6 min, IIA 4 mL 4% NaOH SV
10 min, FEAZE 10 mL J57E 510 nm LZbIN WK SGAH, %4
i) bR v R £k, H e H 5 B S8 y=5.8801x+0.00993,
R*=0.9991, PCf¥REELIFTT (mg/g) H¥EFKow.
1.2.2 HPLC XTHEAH B Bz 14 2R 2 1k A9 2 B 04
A EBRREZRZY 0.3 g, LA W EE 25 mL, #8575 4L 2]
400 W FHBIHEEL30 min, $EBGREAE 25 °C T LA 3500 t/
min AYEEEFE B 10 min, B E7EW . A B 2
HEHF 25 mL, 52w ENEEEY, 43 BB 1 mL 3
of 0.22 pm FHHULFLIENE, REEFE .

Z 25 A IR 2 R AT 1 v AR AE AU S T
U A S A% C g H:(250 mmx4.6 mm ID,
5 um); FishtH: ZHE (A FH)-0.1% BER/KEE (B AH);
Wi 1.0 mL/min; £1:75L: 25 °C; 3R 10 pL; Pk
BN 283 nm Al 330 nm; BRI SR 0~15 min,
20% A; 15~35 min, 20%~60% Aj; 35~40 min, 60%~
100% Aj; 40~42 min, 100% Aj; 42~45 min, 100%~20%
A; 45~50 min, 20% A .
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Table 1 Physicochemical properties of the four
macroporous resins

RATEH (mm) - HEREA (mYg)  FHFL4E (nm)

PREZEEY  Het

AB-8  SEHRIE 0.3~1.25 480~520 130~140

D101 ARMRME 0.3~1.25 500~550 90~100
HPD-500 Mtk 0.3~1.25 570~600 60~80

HP-20  AEMHE 0.3~1.25 550~600 85~90

1.2.3.2 KRALKARMTRE S AR 5 107
VR I L TS 5 AT YR LTS, 2 D101, HP-20,
HPD-500. AB-8 PURP AL AEXT PCE HEfr4lifh. 45
FIEL 8 g PUAPTIALFE i) LA B 22 T HETE R A, Jm
A 10 mL PCf(0.7 mg/mL), FFeifi & THEIRLE 25 °C
FI 100 r/min 2% 4 ho RS T IR LIS ES
MBI FHZRIR/K VR . ZERIRESIE T, A IRIR
PEAE 20 mL 80%(v/v) ZBEEH Ak . BLZS ik u)s,
FE VR SRS ) Th IR e B . ARFELL T ARG

SAI B R A ST
W Bt & (qe, mg/g) = [(CO—Ce) x VI/W X (D
MR B (A, %) = [(CO~Ce)/CO] x 100 X @
i B (qd, mg/g) = (Cdx Vd)/W X 3

TR (D, %) = (Cd x Vd)/[(CO—Ce) x V] x 100
X (4)

A, CO. Ce FN Cd 43 CRHRIGHT WL « A7
WA SR T B B R 19, mg/mL; V 1 Vd 43
FAR AL S AR FY, mL; W A THAL B
KELMIEEE, .
1.2.3.3 #RAUCRHh e mfm e fh 2k 2l FREX 8 g
HPD-500 #%f g in A #EJE A, [ BF 2 B 10 mL 19
PCf(0.7 mg/mL), B /5 B ix B E TR+, F
25 °C. 100 r/min 2514 T 22 ¥R7 6 ho 4 51E 1,
3.5.8. 10, 15, 20, 30, 60, 90, 120, 150, 180,
210, 240, 270, 300 min B} HC 1 mL ) 2 & 25 B 55
=, Il b2k .

#5 HPD-500 #IE(8 g)F1 10 mL PC£(0.7 mg/mL)
INAHEIE B o KB & THE R, 100 r/min,
FE 25 °C FHpg: 2.5 h, e IR EF1EE, InA
20 mL 80% MY LEEHATHENL, 43 57E 30~300 min A5
(] P9 TE] B2 /N B 1 mL 300 5 A 3 ) e - 42 i i
W Bl s hgk .
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(6] t SR ARAR, LISRI4s B ER R 5 S A AR AR, £l R
FLA AR DTS I B 3] 124 th £k .

BT In(ge—qt) = —klt+Inge 3 (5)
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T AR
1.2.3.4 KRALMAEFR S R RS0 =%
Yang 5519 14 77 15 0T A U 20, S AERIEAS TR pH X
HPD-500 J<FLA AR W2 B 2505 iy s i, f 1% HCl
1 1% NaOH ¥ PCf i pH #H 35 %= 2. 3. 4. 5. 6 fll
7. #RJE, ¥ HPD-500 & ig 8 g I A B A W] pH 114
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W2 R B SR, BRE HPD-500 A JiE 8 g, & T & PCf
% (0.7 mg/mL) 10 mL FIHETEIR, B TFEEK 100 1/
min & 7% 2.5 h, i€, B 20 mL A 6] ¥ BE (0%
20% . 40% . 60% . 80%. 95% Fl1 100%, v/v) ) L BE%
WINA AR DA TR . ITEAR IR T IR
2 h, LIS S i e e A e AR R
1.2.3.5 KRFLWPIE ISR M- R R LR =%
Yang S5 (0 IR IR AU 2, Sl B RN g oo
BEAT T AE P 3% B A (2.6x40 cm) 358 T AN 3 HPD-
500 B AR 50 mL. SHHERFTEAN W] P AE AT B 25 0% Bt
KRBT, PUARFEFGE (1, 20 3. 4. 5 mL/min) ¥
50 mL [y PCf % & (0.7 mg/mL) i A KE T 3EF7 M
B MR BRI 4 T R B AT %

PR 5 W 56 Y T 3 X 3 2 it e S5 R 1 R T,
PCf % (0.7 mg/mL) A 4 mL/min 4 I75 3 I [ )=,
SR FAARFEIRIRE 1. 2, 3. 4. 5 mL/min {4 80% 2,
BV (50 mIDAE AP o DU I HH R 2 ] 55
AR

PR 5 P 5 3910 FH e X 2l A i W2 e i) B2 i, L
4 mL/min BYFEEAA PCE % (0.7 mg/mL)50 mL,
SEW R, 4 80% ZEFA A3 mL/min AT
BT . THFEE T 1:0.8. 1:1,1:1.2, 1:1.4, 1:1.6,
1:2 (1% 80% LIBEAAFR ., LIBTEER S Fa hriTia i
Rz S A I 2R R e A E AR S5 R L A5

$ie A B0 15 2] A0 B A A9 Bh A S8 &t AT 4l
1k, FeAE 160 mL 1 RFLA AR, 200 mL 19 PCT AW,
BARES R 10 mL AR WO o DU i R 22 e i
Wk .
1.2.4 4ifbRl)5 PCEBHGEA RS2 meE =%
P AN (D7 A T e Sl B 1 meg/mL AR
W, 43 5E 0.1, 0.2, 0.3, 0.4, 0.5 mL R INZEIR K
% 0.5 mL, FiIMA 2 mL DNS, & T3k i3 5 min
WA, FHUKKEHE, A 4 mL Z84087K, 76 540 nm
Ak 0 2 S A I 225 i AR o il 2, A5 2 B 5 R y=
1.3351x—0.0314, R?>=0.9997, AR &t gl £ 07 #2 11
A LRTE Y PCE AR R & E(mg/g) o
1.2.5 PCf pfEHLM-2I/MNGEI%HR FREL 0.3 mg 4
1bJ5 0 PCE, 5 300 mg MPRALARIR ST, SRAE R 1
J52AE 500~4000 cm ! X [AJUEF LT AMGIE I
1.2.6 PrEfLELE:
1.2.6.1 ABTS'HHEIGERIEE S 3409
B Bk s, Me AR R B4k i e PCE R,
Y 50.0 pL F46 BEFG BEDURE S W, JITA 150.0 uL
ABTS i %59, Z= IR EEDGZ N 6 min 5T 734 nm 3%
R AR S e, BL Ve A BT BE . IE B 5
BT

[Ac—(As—Ab)]

R(%) = = (8

R: 7EE, %; FEARAH (As); 25 FI4H(Ac): oK Z,
B AR A s RS ST R 2H (Ab) : JC/K S A

x 100

JY L
1.2.6.2 DPPH H HILIERIE  SF A7k &)
M1, BEE . BRI AN R e BE2EAL AT S PCE s
W, 4 H 1 mL, i A 1 mL DPPH i, 1RSI
iR N EESE 30 min, I T 517 nm AR S'GEE, DL
Ve RBRPEXTIE . TR A (8) .
1.2.6.3 FRAP (LI EPLAAILBES] S Hlias 5500
M7, I 2SN . HL 100 pL (A [RIR BE gl Ak /i s
PCFIFW, A 2.4 mL T AYEW, IRAT, 37 °C /K
10 min, 7 593 nm M EWICIH . Vo EWRAE RN BHTE
XFHEZH . WO EE RNk ES i JsiRE T o
1.2.7 o-HiZMEHEEIIHIBER 2% Karim 252 1)
JTEE, BEA SN . & 20 pL o- 29 B BEA R (2 U/
mL) . 20 pL AR EEA{LTT S I PCEIAUL A 90 pL
PBS ZZopw in A 96 fLAR iR 5], 37 °C NI E
5 min, JIA pNPG JEE# (5 mmol/L) & 150 uL, 5%
J& S Z i A 0.2 molV/L 1) Na,CO, ¥ Ml ZAK R N
200 pL Z& 1N, P EFLAE 405 nm A SGRE . B
TOME A BHPE XS I8, 254 FH PBS IR IE . T84S
KA.

ODA —ODa
" ODB-0Db

i, ODA J& 5 % 2H ; ODa J& 55 56 X B 20 ;
ODB J245 H4H; ODDb J&55 X REZH
1.3 #iEAIE

FIT A BRI Ak = IROVATIL S, 45 SR LI
PIEPRAE2E TR, SR SPSS 27.0 ANOVA Jyik4y
AT A1 Waller-Duncan #5820 6] 22 5 3047 W 35 50
T, P<0.05 #% I\ N ££ 7F I & M 22 5 5 Origin pro
2025 Fll Omnic HATAFHFELZAE
2 HBRESH
2.1 HEHRRR BB AR E M

K12 8 FlibruiE i Al PCEAE 283 nm A1 330 nm
PSR, B 1 H S —IEAs e T ISR B, B PCF
A T R T, S iiks F 48.71+0.82 me/g,
FFE P B 25 B B B Hh S A T (=3.5%) I ZESR .

HIH (%) = (1 )x 00 2 (9)

—283 mm
—330 mm
—PCf
>
Z L N ‘_ ‘ |
g
. Il
5 I ¢
4 6
R 1 l
10 20 30 40 50
Time (min)

BT IRETRE S @I AT PFs (1]
Fig.1 Chromatograms of mixed standards and PFs
TE: 1SS A RBCH; 2. Al B 3. BERCHY; 4. BT RO HY; 5. )1 B
BZ3R; 6. HMF; 7. f5 J 3% 8. 5- L U BE NI BREE R
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B TEA R A AL T (DPPH H 2R . &
AR TFER . BIRAMEEESER PR
P& R 2 AT PR ATE R, 22 B U SR A
& PR RSy, WFSEUERH, 22 A B IR e BT A
A FNETCIdRE 7 HEAT SR A TEER . AR 1 AT
LLE AR R B T S 1R 2 . F5 E2 2 . HMF Fl
S-FRFRLIBRE 2 Fbelm LA G A 2 v ops
FIOBE T BC SR A e AL, Al R B IR B /K i fe n 45 2)
T R ZE AR B2 2, i B L R FC 3 =, AHARG 25
Joe i A IE B S VA b e Rl b AhyE o, 3X
SEVFE HAA T TR RO SEREEY R, REAH R B
Wb E ARG RS 1T,
2.2 KFLBIRETHIE

AU 11 W2 B R i i D 2l 5 ™4 iy 2
AEBEIR, 4 FPOFL AR A BRPE BTN 3% 2 Fiaw, 4 Ff
FFLBFNEXT PCE 14 W B AT I A BE 3 W 2 s
38 S T A T o) AR AR R S BG 2 , 3X 4 A RFLAR R Y
K B 2R K YR A AB-8>HPD-500>HP-20>D101, f# %
AR YR S HP-20>HPD-500>AB-8>D101, AB-8 Xf
PCT W B %45 755, {H HPD-500 % PCE 14 i W7 5 fi%
=5, MR 1 0T 0 HPD-500 JCFLAR HE 19 bk 28 i 1
570~600 m*/g, LbILAth 3 FhEE I, BEAG FI| Tk B £,
BEFE B BEAS PR, SR PCE. BRIk, 456 W -
W rERESS, B HPD-500 18 PCE By2iibAf k.

2 VURMIFLR i Ao Az - e A
Table 2 Adsorption-desorption capacity of four
macroporous resins

KA MR (mg/g) TR (%) @R E (mg/g)  FRER (%)
AB-8  0.86£0.0001* 92.99+0.0934" 0.67+0.0003" 77.34+0.3562°
HP-20  0.69+0.0002° 73.77+0.1975° 0.67+0.0002° 97.35+0.4474°
HPD-500 0.76£0.0002° 82.32+0.2585" 0.69+0.0008"  90.98+.2916"
D101 0.66£0.0005¢ 71.08+0.5283% 0.44+0.0012° 66.73+2.2442¢

i AN FRERIRAN R KL AR ZH [ ) 5325 P25 57 (P<0.05) , AHIF
FFRRZER R RE(P>0.05),

2.3 HPD-500 #BEWRMizh 15 Hhik

Kl 2A R RFLRIAEXT PCE B4 W JF 28, W [ %<
Riti 25 FF ARG TS A0, 76 0~30 min 22 [A], W -tk
_E3iK, 7E 30 min WFERK 79.13%+0.30%, 30 min J&
W BRI AR A T 2%, FE 2.5 h i, FLAR g i B
REFEE AT K 79.45%, #id 150 min A, T [ 2R (%
{I%, FERHMS NS AE-RENT M AT 23 2 A= 1 IS RRE, 52 e
e RIS A2 A0

W 1 Bk 3h 1 2 R B R G B e — S sh F125 L UE
TR S FI2E R B, A 2B &l 2C 13 3
LS S BRI, B SRR T R R (.
(0.9997) /= FUE—R sl J) SR FE R* {E(0.8972),
FEHHWE g B J1Z£ 5T T HPD-500 X PCE W Bff i #2
P )RS B UERA, 455 5 Wu 25090 afifp Ml e i1k
BRI IS R —8 . v g sh S R RS
B F R AIERE IR A 0.7 mg/mL, 5 SZBRE R [

MR (%)

0 50 100 150 200 250 300 350 400
Ak /] (min)

-05F

1.0}

In(Qe-Qt)

715 -

720 -

-2.5

0 50 100 150 200 250
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C  400r

350

300

250

S 200

= 150t

100 |

50 F

0 30 60 90 120 150 180210 240 270 300
Fif 1] (min)

D 070} | D

0.65

0.60 | .

0.45 /

0 2 4 6 8 10 12 14
t12 (min)'?
K2 HPD-500 KALMEXT PCE A2 127
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