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H EAAREERALEHD RIMBRRAELER "T%?ﬁﬁl (Ambelmoschus manihot (L.) leaves ﬂavonoid,
AMLF) TZ, F4R% AMLF st ) R 2 5 Rt 2ty vk, BLRFHE, BA, HAf LHEREFRE
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EREHRNLI L, H8EF EF DK RRBKE AMLF (80, 160. 320 mgkg) 35d, = LA D
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A A4 M Bs (Superoxide dismutase, SOD) #=4-itA! %% # & & A (Secretory immunoglobulin A, slgA) &%,
M mFme g% 18 (Interleukin-15, IL-18) . & #mies% 2 (Interleukin-2, IL-2) . %&¥ &4 G (Im-
munoglobulin G, 1gG) 494, S HE A B4R IAR £12434% 85 7582 (Short-chain fatty acids, SCFAs) &
% &9, %A HPD500 K3L#tAE, A& FHE 150W, &EF 25°C, BHE 60 min, EAKE 1.3 mg/mL 698 M &
BT, REARMERSEL S51.76%: AXRFHE 180W, RAE 45 °C, B 30 min, CEAARSHK 70% o9 R 4 #
T, FAREIL 84.65%, EHIZET AMLF 4 7Tk 36.72%. = @k, 724 (320 mgkg) 5 CAT &
FRE T 67.43% (P<0.05) , ™ MDA &N %AKT 50.41% (P<0.05) o AMLF fe434% & ) R i i #F % A 1k
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(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: This study aimed to optimize the ultrasound-assisted macroporous resin purification process for Abelmoschus
manihot (L.) leaf flavonoids (AMLF) and investigate their regulatory effect on intestinal microbiota in mice. Optimal ad-
sorption rates were determined by evaluating ultrasound power, temperature, time, and sample loading concentration, while
desorption efficiency was optimized via ultrasound power, temperature, time, and ethanol volume fraction. The final purifi-

cation protocol was established by integrating both adsorption and desorption performance. The normal mice were gavaged
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with AMLF at doses of 80, 160, or 320 mg/kg for 35 days. Biomarkers including total antioxidant capacity (T-AOC), cata-
lase (CAT), malondialdehyde (MDA), superoxide dismutase (SOD), and secretory immunoglobulin A (sIgA) in intestinal
tissues, as well as serum interleukin-14 (IL-1p), interleukin-2 (IL-2), and immunoglobulin G (IgG) levels, were measured.
Intestinal microbiota composition and fecal short-chain fatty acids (SCFAs) were analyzed respectively. The
results indicated that HPD500 macroporous resin under adsorption conditions (150 W ultrasound power, 25 °C, 60 min,
1.3 mg/mL loading concentration) achieved the highest adsorption rate (51.76%). Optimal desorption was attained at 180 W
ultrasound power, 45 °C, 30 min, and 70% ethanol, yielding a desorption rate of 84.65%. Under this protocol, AMLF
purity increased to 36.72%. Compared with the control group, the intestinal CAT activity in mice of the high-dose group
(320 mg/kg) was significantly elevated by 67.43% (P<0.05), whereas the MDA content was markedly reduced by 50.41%
(P<0.05). AMLF treatment enhanced intestinal microbiota diversity, upregulated the relative abundance of beneficial bacte-
ria (e.g., Lactobacillus and Prevotellaceae UCG _001), and promoted SCFA production. In summary, the ultrasound-assist-
ed macroporous resin technology, characterized by its greenness, low energy consumption, and scalability, effectively en-
hances the purity of AMLF. Moreover, AMLF modulates immune function, enhances antioxidant capacity, alters the struc-
ture of intestinal microbiota and the composition of metabolites, and promotes intestinal health. These findings collectively
lay a theoretical foundation for the development of A. manihot (L.) leaf resources and their application in the food industry.

Key words: Abelmoschus manihot (L.) leaves flavonoid; ultrasound; macroporous resin; purification; gut microbiota; short-
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chain fatty acids

SR IR (Abelmoschus manihot (L.) Medic), X
PRAAEZE, BRSPS B Y — AP A sl A E A
P, FRERIL. ILZR. NZEE . AR LORSEEL A
TCAPFEPE T 4 A, FeAiml sk S L a7 EER 1900 kg
T&h 500 kg™ fE. il AR ZEFIRHVT B, BIE5
M5B R, B IS FNBEA . TH R BUR Z TRk .
SRIEFAE T FENEIR . 285 ANMEFNE TR
FEICEM . FEAE R, A RS S R I R
WYL, Pan 559 & ILSE IERABMRAS [FIFBAL L2
& B A3 N BIUIAR TR . i 250 /R, By
PREEF IR SR, SR A B IR BT R SORE SN . HIGHT
2R A A R R AP SeRE PR BRI AT
EIRL, B . BRSSO LA T R
FART S HAT R EFRAE T T3S0 B I i $R A
388 TN A, X e R oY 50T R = HGE .

H AT RFLR B glifb R, BIS, THAE, HIH
AEAR AR SR 2 N TR E2E b 54
e fRalifh, ARAk =S ORI Bs R AR glifb It
WA~ A B ], Ao R RN TR 26 B ) 20.45% $2m 2
52.21%. Shen S5 I FH 75 4y B R FLAR i 2 B /i
W el O i B, A BRalifb /g LA E . RILAE.
FE TR R 2R S B R R R RA P Y 2~3 1%, H
PUrAAALFNRE MUV P PS50 . Pan 4517 F5R R
SRR AT BE AL S 25 TR B ERUB AT IR i AR S, IF:
it = LR B S 5 A B POAE T =R B, REAIRAE 5 Bl AR X
FE EEAL AR T G E A S i £ NS
N T EEENR R A T, SR BETNGE B B
I GEEICT /N, AT RS A7 E IR A T BRI
FEAR, SR IEEENG TR i S i, HEMTEE SR T /N B o
RESTUA, TSR ISR B (AMLF) X/ Uz 18 i B
FIESENB TR sZ I A DLHZE o

ARWFFE B TETH e & 52 AMLF [ 5ad RFL AR,
T RS A B A A AR 2 b e AR 450, ST B 75

R | IR 2E AR s W 55 L, b atifh T
20, VIS e S e nt s alift . JfaE—AR5T
alifb )5 AMLF X /)N BRI TE B B R 0 6 IS U 15 1% 5
mi, SRR AE DI REME, S A B Tl i FH
PERLFARYE, V2 s SR R TRE T 2 S
FIH
1 #MR5RE
1.1 MRS5S
et A H R By KFLRAR R
PR R AT BRAN F], 7 RS 4 4% FR A 4 B
FrPEansR 1 P R4z (10000 U/g)  LLZREER}
RERF I AT PR F 5 ARZRERG (20000 U/g)  LLHPER
A T RRERAN A BRA T 1,1- 2R3 2- =il LR Pk
(1, 1-diphenyl-2-picrylhy-drazyl, DPPH) FIt4lifk
Tkttt 20 kg, KT RFHERH A
BRASFL 77T (=98%) . & 22Bk 1 (=98%) . St
1 (98%) . 17522 (98.31%) . Mit iz 22 (99.1% ) bnif it
IR A R A BR S E ST A R RE T (T-
AOC) I & . i A AL A (CAT) U & . T %
(MDA)IRFI & . BAEILE AL (SOD)IRFI &
AR A BRAS 7] sIgA ELISA &L IL-
18 ELISA 7 & . IL-2 ELISA &5 & . IgG ELISA

F1 7R AR O R
Table 1 Physical properties of the seven resins
. AN Aol B BR

FilR & tt(ffzgﬂ Bt (ﬁf ) ﬁé;ﬁ if(EZ/umﬂziJ;g
HPD500  500~550  &PE  0315~125 60~70  0.68~0.75
NKA-9 170~250 Btk 0315~125  67~73  0.66~0.71
HPD750  650~720 Wtk 03~12 60~70  0.68~0.75
AB-8 >520 mgtE  0315~125  65~75  0.65~0.75
HZ-801  500~600 AFHRPE  0.25~0315 60~70  0.6~0.7
HPD700  650~700  AEtME  025~0315 65~75  0.68~0.75
D101 600~700  AEWME  0.3~1.25 50~66  0.65~0.7
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R0 | e 7 3 AR 7/ [ S NI e 9 (e
BALB/c /ML 1AHE 18~22 g, 6~8 JE#%, 32 2, W H
WAL ERFR SR s b, S A = VE T e S o
SCXK(ZFL)2022-001. /NRAEREE Ny 25 °C. FHXTIR
Bk 50%~60% 1) SPF K shi¥) 5 Hh i 3%, 1IEH B
WAL, ABRYOKIEE. shissSam AR R E s
SEYSAC IR H A 2 LSS E (HEHES: 22322801D), fi
SRR e B R IR 2= 5L S S B B B R
R FH A m 25475 Shahimpkl 0 3 iTdb BERFR 2,
SCXK(FZ)2021-002,
SHZ-82 B MIiEdR v AU e RSB

FA R T ; WEZ UV-2000 B4R A] L4356 T

JrJet] ) A A B2 7] RE-5298A il BL45jifE
FeaE kAL W SRAEANER ) KQ-300DE A3
FRPTEVERE B LTTE ARG R A ; Spectra-
MAX i3x BIEGPRAY  SEEZER TG RA A
Waters 2996 =30 AH A SEEVRSF RN A
BRZ\ ] 5 8890B-5977B/7000D S AH 235 BT 135 1 FHAX

5 ELHHE R A IR F] o
1.2 EWHE
1.2.1 SEISRM BB RIS SRFERMTEDE
1, 50 °C HET, Byerad 80 HIf 4 °C LR7E& . FREL
20 g FHER YA, A 600 mL. 0.05 mol/L iz
R IN-FTERGE vh ik (pH4.5 )5 52 ATl (LT 420 AR
HER) TR LN 211, BES B R 3.6% (w/w), IRAI)S
7 37.5 °C, #2828 2.5 h, M AET 95 °C KiK 1 min,
5000 r/min B5.0> 15 min, 7, W) EHR 4515 HE UK -
1.2.2 S EENNE S5 AR Ik,
i NaNO,-A1(NO, ) ,-NaOH L2l 25 T AR h <k
(Y=10.2907x—0.0023, R>=0.9985) . ¥ AMLF $&HX
W 8000 r/min E5.Cx 10 min, B E 3, MRS T AR
LR TR S
1.2.3 KRALBAGTIALEE  BUGE B AR AR TETC K
2L 24 h, glisK ik Z J0EER, 115 7E 4% HC I
WP 4 h IIF K shse 2= b, )5 ST 4%
NaOH #1214 h, FHalikobye =ik, &,
1.2.4 KRFLMPBITTE B B-S TR 2 g,
i 20 mL AMLF $& B J-7E 35 °C, 140 r/min
HRAS M 24 h JEhhug, gk e IR LS, InA
20 mL 70% Z BEAE 35 °C. 140 r/min | 7 25 i W%
12 ho Bp2HE 3 DEE, WE ORI =R
e (Q )« WEBfF(R )« AR L (Q,) « FFI R (R,)VL,

_(C,-C)V,
Q=—"w— X (D
RF%MOO X (D
CiV,
szv 2 (3
CyV,
R2=mx100 :Et (4)

Hirpr € MWIHRHE (mg/mL) ; C, K Pk 5

(mg/mL); Vo AFERAAF(mL) s W AR AT (g);
Cy MW WA FE (mg/mL) 5 Vg A 70% Z. B 19 A R
(mL),
1.2.5 WeMftshJi2%¢ B 50 mL AMLF $2HU#%, A
5 g FALFE HPDS0O B AR, £ 25 °C T, 43 HIFEAN[H]
1FT (0, 120, 150, 180 Fl1 210 W) A BT 4l B
FhfabB, W7 AR P ET 1 h NEES 10 min, 5 1 h [E]
F% 30 min HH A5 W SRR s W2 DY RE, 13RS )
Trimo SR 3 Fhah 1A diiaA e B A
ESI DAL RiUL Oy (|l

PH—MEh SRR, In(Q. — Q) =InQ. — Kt

A (5
PRI L
th BBl 1 SRR Q- (K,Q§)+Qe X 6
FiF Y BOERL: Q =Kt +M = (D

Hor: K S — B AL 3w 5 K S By
A5 TR S5 R H s K, AR T PN T SO AR R R B
Q, M t B ZI A B s Q AP Ak iy e B s ML Shpkr
F NP B AR A R
1.2.6 WERfH# J52% B S g WAL B A9 HPDS00
A&, 4330 20 mL ANEHE (0.3, 1.3, 2.3, 3.3 Fl
4.4 mg/mL) PHEEIE, 78 25, 35 Fl1 45 °C(298. 308
1 318 K) N ATA8 7 AL B, 184 g - 187 W% o)
(Q.) - R Langmuir 1 Freundlich J5 & 431 EA]
LG . AR T

C. C. 1
Langmuirfi#d, —= = =4 —— i ®
g Qe Qm (KLQm)
L InC,
Freundlich#%#!: InQ, = InK; + WG

Hovp: K & Langmuir % %% ; Ki 24 Freundlich
WL C, MR, Q,, M BRIE IR K BE T o

AG = -nRT X (10

_ AH-AG
T
Hoi, R AW %k [8.314 (J/mol-K) 5 n &

Freundlich J5R2H RN HG T AR 1241EE, K.

1.2.7 KA PgLlifL T2 0010

1.2.7.1 BT R A TR]RN A X 2 il

YRR S5 = R i 2R 0= o S I o = 750 111 | i sl

25 °C. 1.3 mg/mL, &I T)2%(0, 120, 150, 180

1210 W) BUSEIR o B8 75 D58 F 0 A e B2 43 351) ]

FEAE 150 W, 1.3 mg/mL, #RFT 7T IEE (25, 35 Fl

45 CHRIFENN . KPR T | TR AR S5

BIEE N 150 W, 25 °C F1 1.3 mg/mL, RSB BT

[A] (10, 20, 30, 40, 50, 60, 90 F1 120 min) AIFZ I,

PR DA IR B ] 3 3 [ E S 150 WL 25 °C

AS A (D
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F1 60 min, L FAEHEE(0.3, 1.3, 2.3, 3.3 il 4.4 mg/
mL) KI5

1.2.7.2 FMEFETIE JREE . B E] RN 2 AR S BOn
ERfF R 2R 2 AER BT 150 W, B I
BE 25 °C . #EAEEHE 60 min. T FAEREE 1.3 mg/mL
T, X A TR SR A B RS T R AL AR
7 Y B N AR FR 53 L43  [E 2 SR 25 °C A1 70%,
RITHEFEY12(0, 120, 150, 180 F1 210 W) FYSEHA
W 75 T BN 2 BEAR T 53053 i) ] 52 A7 180 W N
70%, IRFTABFEIREE (25, 35 1 45 °C)HYFEIA . KA
TR EE | BE R S AR BB S B E SR 180 W
45 °C F 70%, FRITHE A A E] (10, 20, 30, 40, 50,
60. 90 1 120 min) FYRZNA . IG5 D3R | i BE AR
(] 4353 [E 58 180 W, 45 °C F1 30 min, FRIT LB A
FR53E(50% . 60%. 70%. 80% FN 90% ) Xt fift W R [
AN

1.2.8 DPPH HHEEMIEREIIZE =% Lin &
Tk, BEAEAS A, WA PR IR, D8 e 40 I R R
A5 2l AL R S 25 P 26 B 4350 Dl 3.88% Al 36.72%
H A 10 mg/mL ARG I FEIRRE S, KRR R
FERLHE BE S 160 pg/mL A1 80 pg/mL BAE S, i
A DPPH W, 7EZ IR T, BEEIFE 5 min, MXE 517 nm
AL YGRS, DPPH H 3B R AU

A (12)

. A —A,
1%&%%(%):(1— ‘A )xlOO

0
Forpe A S FIZH, INFE SIS DPPH; A H
XTHEZH, il DPPH ANIIAE SR A, S SEEGZH, INAE 5
WA DPPH.
1.2.9 HPLC-DAD E&45rHT S8 Lai &' Jy ik
T e EASAL S AT HPLC 4307, (RS Wa-
ters Symmetry C;q(4.6 mmx250 mm, 5 um), 4 4f
b5 BISEZFEAS AREfAEL 8 1 meg/mL BYFEIE, B
FEIEFA R 2 (A)FIT 0.1% Wifk (B) 4H 1k, i
1.0 mL/min, #££8K 10 puL, 7 30 °C 550 F U745
B, RS B VE AR F 0~17 min, 15%(A), 18~25 min,
16%(A), 26~34 min, 20%(A), 35~44 min, 40%(A),
45~50 min, 15%(A); K 370 nmo PAST
L2 MR . SRR T L AR O R F RS, Sy
P2 HARHERT 2R : y=15963x+7506.4( R>=0.9997),
y=17617x+4063.5(R*=0.9999), y=40843x+16647 (R*=
0.9998), y=34980x+3090.8( R’=0.9999) , y=37242x+
9682.5(R*=0.9996), 114l J5 BT B4R i) 7 B
1.2.10 hiyscse M Aab3g
1.2.10.1 shored  SZPEE"" Ik, ¥ BALB/c
/INERBENL A3 1% 4 4R 28 AR REZH (CKD), itk AMLF
IR (L) . (M) | & (HD &40 4350 2 80, 160 A
320 mg/kg, FF4H 8 Ko EMMEWFE 7 d, IELHEE
AMLF 35 d, CK ZH#E H [F SR FR A= 3 ERK, A /A
POoKHER . 5 35 A BREAEIK, T5F 36 d BRIEF, IR

HEE BB f5 R 3504 AE

1.2.10.2 /DERPUEACTEPRFIRLZE R FIE  WAEIL
W5, 3000 r/min B5.0s 10 min, B 75 W42 A5 00 .
JNEUSRF S, BUH /NG, R E (o) /AR BRER K

(mL)=1:9 Y L), B AT TFEENL, HE 8 10%
I3, 4 °C. 3500 r/min 25.0> 10 min, B 35K
SR A o ¥ BRI A UL EA A5, S-S R i v 2R

IL-18. IL-2. 1gG MO& = F/NFHLHL CAT. T-AOC.,
SOD i1, MDA &8 sIgA & & .

1.2.10.3 DNA $2E K EnmaET e/ AEZERTIR
ESABREAR T ICHEICHENY EP 45, WA #E, —80 °C
PRAF . ¥ DNA R & UL B A5 217 /) B3 E 2
DNA 25, #5i DNA JBite, e DNA #RBEFIZTE
BELN DNA RS, LA AR, Ei -6
WA Barcode JP A RSG5 4, X 16S rRNA FE[H
M V3~V4 X311 PCR ¥ ¥ F = Patifh.  LUFES|
¥ 338F(5°-ACTCCTACGGGAGGCAGCAG-3"),
U514 806R(5-GGACTACHVGGGTWTCTAAT-
3’) ., PCR JZ Witk Z& A1: 5xTransStart FastPfu 2% h ¥k
4 uL, 2.5 mmol/L dNTPs 2 uL, E##5 %7 (5 pmol/L)
0.8 uL, Fi#514(5 pmol/L)0.8 uL, TransStart FastP-
fu DNA 4% 0.4 pL, Bifk DNA 10 ng, #ME =
20 pL. PIEFEFANR: 95 °C FAEMES min, 27 MG
(95 °C 728PE 30 s, 55 °C 3Bk, 30 s 72 °C ZE{H1 30 s),
72 °C F2E HEAP 10 min, /5 7€ 4 CHITLRAF. X
PCR j= ¥ K W 5 &t )5 44 4 miseq CJ%, 7£ Illumi-
na 2\ H) 14 Miseq PE300 V¢ #E47 i i 2 % (i
FHEYELRHHEABRA ]

1.2.10.4 JHEEARNTFRINAE Jrid: B 20 mg ZE{HAE
S TR R, In A 800 uL 0.5% BElR 7K (& N AR
2-ZFE TR 10 pg/mL), F4FE L2 IR UTEE 3 min, &
7 10 min, 4 °C 12000 r/min &[> 15 min, B H |
¥ 200 pL #| 1.5 mL EP 4, 2R 5 hlA 200 pL iE
TEEEEFIZEE ., RE 10 s, {RIEAE S 10 min, 4 °C.
12000 r/min B.0> 5 min, B 75 3 2 0ERE /MR
HL, GC-MS Kz, >k A Agilent 8890-5977B < AH

Ji5- U AT 0 M . i 4325 {8 ] HP-FFAP
BN IE(30 m x 0.25 mm x 0.25 pm, Agilent J&W
Scientific, Folsom, CA, USA), #< N ai & < (4i
B = 99.999%), H A, i 1.0 mL/min. #JEFE
FHREEBE SN 180 °C, e 1 uL, SR TIERE, 47

WLy 101, #EFIIER 2.5 min, AETRAA THEFEF

g FIEATEE 80 °C, LA 20 °C/min FFZ 120 °C, FLA

5 °C/min J+ 2 160 °C, &5 T 220 C J5i817 3 min,

JoR ARG IR FH & B R (BED, B IR

230 °C, PURATIZE 9 150 C, fZHMiLinE N 230 °C,
FLTFHELESN 70 eV Bda RAZE e 3 B8 7 W i ASL

F(SIM) . K] Masshunter & &35 H ARG 5508
TR BT 84T A SRSy, sl i AR 4k
TS
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1.3 HELIE

JITAA LB YA R AT R, SIS R LS AR v
ZFIR . K Origin 2022 1 B 4443847 B8 534
FIALIE; SR AH R 7 22531 (ANOVA) 5% Student's
¢ KB XA A T SE 24431 SR Duncan's Z 5
e 2 B it o ST PR (] 25 5 A S 2 P . LRI HE

e o0 = s v

2 HBRESH
2.1 KFLWAERYTHIE

W -5 e e nTVE AP B AR S RIS
R FRUS, anER 2 P, g 7 FhoRs [E)
A% i o) 2 TR 4 T S R AN A 3, HPDS00 1 D101 1
W B 2RI T 60%, W BRIty {H PR 2 JC 35 22
S D101 FIFHZ 3K 83.84%, 1li HPDS500 [R5
IKFE| 98% LI B, B WFE 2 5 (P<0.05) . K, #E
# HPDS500 1E A fcil KFLIE FH T I 22505 .

2 R[EANS AU R B AR LA
Table 2 Comparison of adsorption and desorption rates among
different types of macroporous resins

WRRZ  WME(mge) W% FRE(mge)  RERE(%)
HPD700 4.493+0.301*  56.80+0.76°  1.476+0.091¢  82.12+0.43"
HZ-801 4.306+0.292°  54.42+0.75%  1.326+0.032°  77.01+0.25¢

AB-8 3.206+£0.212°  40.52+0.55°  1.086+0.081"  84.66+0.60°
NKA-9 2.893+0.443°  36.56+1.12"  1.099+0.0237  94.98+0.16°

HPD500 4.874+0.302*  61.61+0.77°  1.925+0.017°  98.72+0.12%

HPD750 4.656+0.481*  58.85+1.22°  1.821+0.034° 97.77+0.35°
D101 4.970+0.354*  62.81+0.91°  1.667+0.039°  83.84+0.44°

TE: [l — bR AR/ NG FRER R 225 3, P<0.05.

RFHENFIF AR
KD —Br D B BRI N OB R AR AN
[F)EE P T3 R B HLEE . e 3 AT UL, AN [R5 7Y

2.2

YRS ZRB(RY) R, P AR R? 4230 T 1, 98
A HE R, X 5 Baranyika S8UT g5 —2, b
G, W SRR S M 2R, AL FR Y R, BN
PHCCA B W B 2 7200, S 1 B, B T O
HI T RRZR YA L RS, FEBAAN S b N
HOEANRE MR SR, Rk, o7 DAMEWT AL &
B B AL 32 BIPrT- N BRA 20, 4532 B
RSSO [ B2 5]

60 1

t"2 (min")
1 SRS TR A T b PN
Fig.1 Intra-particle diffusion diagram of flavonoid adsorption

in hibiscus leaves

2.3 REAAFMR
2.3.1 WML DB AL IR A s B e i

M, G T T 2R, 752838 1d Langmuir 5%, Fre-
undlich 45 W B 45 HR AT U0 a2 H- 4006 M BFFS5 TiR 2R, I
TS SEAHER C BEFT ) R RESS DGR 1 2228
H13#% 4 AT A, Freundlich BEBITE IR T PR E R4
(R Z50 T Langmuir AE58Y, W HX 35881
B AT A LA SR A, Tii5E ) Freundlich #5ERY
T AN 2 BT, B TR T s B ) R B3 5o
AR, B 2T P R B AR RS N o IR T e B
SrFiz s EE N, AR AR AR B A () 4 R,

23 HiFE HPD500 AFLA i LW bt s J) 207 e

Table 3  Adsorption kinetic equation of flavonoids on HPD500 macroporous resin

IR (W) Ph— sl P B Al BT NP

0 In(Q,~Q,=—0.01839t+1.26582 t/Q=0.18824t+6.64945 Q=0.36206t"*+0.31757
R=0.96833 R?=0.96083 R*=0.98441

120 In(Q,~Q,)=-0.02191t+0.09584 t/Q=0.15364t+0.48153 Q=0.13149t"?+5.05991
R?=0.92588 R?=0.99953 R=0.85104

150 In(Q,—Q,)=-0.02758t-0.50607 t/Q=0.15061t+0.17464 Q=0.07593t"*+5.88439
R*>=0.73376 R?=0.99989 R*=0.74777

10 In(Q,~Q,)=—0.02855t-0.33246 t/Q=0.14822t+0.24299 Q=0.09565t"*+5.75779
R=0.68417 R*=0.99987 R*=0.68959

210 In(Q,~Q,)=-0.02647t-0.60498 t/Q=0.15083t+0.22053 Q=0.0873t"*+5.73653
R>=0.25271 R?=0.99952 R?=0.49496

F 4 RFEEET EERZE HPD500 RS - 08 5450 5 78

Table 4 Translation of adsorption isotherm equation of flavonoids on HPD500 resin at different temperatures

. Freundich#% %Y Langmuirf& %)

e i Ky a R i Qu K, R
25 InQ_=0.8016InC_+2.19107 8.945 1.25 0.97596 C/Q=0.02053C_+0.08752 48.709 0.235 0.80599
35 InQ=0.65683InC +1.99885 7.381 1.52 0.91985 C./Q.=0.04491C_+0.08239 22.267 0.545 0.88034
45 InQ=0.59536InC+1.87227 6.503 1.68 0.9167 C./Q.=0.05905C_+0.08379 16.935 0.705 0.89077
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i BEZAE (AG) FI A8 (AS) Y HF 98 & BH , il i InC,
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Fig.3 Clapeyron-Clauius diagram
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A A K T AR

# 5 HPD500 W5 B p )2+ 25
Table 5 Thermodynamic parameters of flavonoids adsorption
on HPD500 resin

AG(J-mol™) AS(J-mol™-K)
AH(J-mol™")
208K 308K 318K 298K 308K 318K
—-8989 —3097 —3892 —4442 —19.772 -16.549 —14.299
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FRINER, WIE 4B 7N, T 5= B v ) I v i A
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Fig.4 Impact of different factors on adsorption rate
T AT X I BE 5 14 52 00 5 B3 B2 X W% A 5 14 B2 5 CI
V1] X WA 3 AR 2 M5 DA 9 B o WA 3 2 )

IS, 7E 25 °C BRI Er s . TRBEARSL TS, W RERE
i JCF LA Hig I FLIR G544 . 3 101 SO AT R 2 I 1 %
AP, A T 5 Bl Sy 14 A o, 5 S R A o SR
B DRI, SrefEme BRHRRE S 25 °C

AniEl 4C Jrors, B 0 W B 5 R 75 B A e 35
TG, 2B E] A F 60 min, W% B %6 W ik 31 745,
I FLE S B (] i 4 vl S SO LR IR & 2R il >,
1t 60 min AR AT HSTA] . BT A I B3R R AR
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Fig.5 Impact of different factors on desorption rate
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PSS in, {HAE AR TR T 180 W B B i AN BH
o (RIS, MR Tt i, T RE SR RF LA B R it
rysEEEt:, ARl FEE M, MR IR T =
BTN, 45 °C IR RE K (E 5SB). B 5C 3£
BH, i 3R B R P S TR A B4 I 38500, {H 30 min PAJS
WSS S . N 5D Ao, BE 2 BEAR RSB 1
I, T 4 i I 3R B — A S T i S AT ka3, 7B
70% I5F 35 B A e RAH. 84.65%., L BSAAFR S %5t
{IG, PRI GEHRANSE 4x, 23 30U R BRAI, AF 5
s, XTI 5 BT 22 6] ) SR PR R AR

25 I, ARG S D3 | IRRE | TR 2L A
FAEUY 3R 180 WL, 45 °C.. 30 min Fl 70%.
2.5 AMLF B DPPH BREERSIEENHE

SR BN 1 2RI [ . AMLF X DPPH
H i FAERREME. L In(1-BE)XF t EE, BIE 72
S In(1-E)=—kt, Horh E fRFRIE R, k AR H
K, R 6 AI0, DPPH H H3EAIE BRI R —Z
Mo BBAN, RO R E RS AMLF ¥ B 35 n
Wi n. 4nkE 6 fras, 46 50 min i, 2 R TR E -
‘#ﬁéié'ritlﬁl)ﬂ In(1-BE) 5 t 5 RAFILRIESC R, %

ZEIR 5 Wei 2528 1) FH XU Bh £ AT i e 22 T Ff

Frh B EE RS L S i Bk DPPH [ 3 sh 1
AT R GE A IS SRAR) A o

% 6 DPPH H HHSE RN K3 1122350

Table 6 Kinetic parameters of DPPH radical scavenging

reaction
GIVIE S~ 160 pug/mL 80 pg/mL
k 0.00759 0.00257
R 0.92234 0.99625
_08 A
- = 2l AL B 160 pg/mL
RO T e kRS0 pg/mL
~121 Ny
\‘\
1.4
Sy el
= .
-1.84,
,20 4
2.2 ' .
244

0 5 10 1520 25 30 35 40 45 50 55
t (min)

K6 DPPH [ &R Y2 2 2k

Fig.6  Kinetic curves of DPPH radical scavenging

2.6 HPLC EEHNH

Wi 7 s, XFalifb i) AMLF #2850 A T,
A AR . SR T L A RN 3R 5 ol e
RUEAT R B A, ARPRARAE 2T T3 alifb 5 i 5 Ff
B B S Ao 3.579. 53.83. 0.01, 0.316 FiI
7.791 mg/g.

2.7 AMLF /MRS WEMA S EE TS,
nE 8 N, 5 CK ZHAHLEL, L 200 M ¢4H e E



<272 - 5 Tk BB 2026 4F 7 H
50000 - A 29
45000 - o 28
a0000{ T Pk 27 ]
5 35000 26
fﬂc_ 30000 B s |
= 25000 - i
% 20000 5 « 24
= 15000 - 3 23 1
10000 A 1 4 22
5000 21
01 - ; - . ; 20 . . . . : , ; .
0 10 20 30 40 50 -6 0 6 12 18 24 30 36 42
PRER I TE] (min) W KB (d)
50000 - B 4.0
—r
45000 - L)
S 40000 337
E c
E 5 ]]g
= 15000 1 5 o 3.0 1
ﬁi 10000 - b
= 25
5000 - —-L
113 4 M
o : : : : . 2.0 e : S
0 10 20 30 40 50 -6 0 6 12 18 24 30 36 42
{5 BB A] (min) HEE I ()

K7 S HEBIALE 5 FhEERSEALS Y HPLC 2387
Fig.7 HPLC analysis of five flavonoid compounds before
and after ultrasound-assisted purification

e 1 2T 20 2Bk 3: M 4. IS 5 M .

Pk B2 SRR, 1 H 41RE R, dhe
R RE(P<0.05), Al HE/ZH T & FIE Ay AMLF #
T/ BB AR SO E R, 33X 5 v ey i 2

I E R R IR BT SR 45 R — 3, HRSE

AMLF % /NPT A AL RN BOFE i, FLE T AS R4
SN BRIV A/ NZ A ThU AL A S e I 9 1. e

27 AL, 5 CK ZHAALL, H 41 CAT S B g3tms 1
67.43%(P<0.05), MDA &R &N T 50.41%(P<
0.05), IL-2 & Ht i 2 41 15 (P<0.05), =B AMLF
AR FRP AP TR A SediE e T .

2.8 AMLF /R AAEEE RIS

2.8.1 JmEWREZFEVESTHT  WIEERE Alpha 4%
PRSI T B TIPS REAS v G A s ) = s N
ZREPEPY S o, Ace FEE T2 B IR 1) = 5 R,

K8 /NRIAERMIEE AR
Fig.8 Changes in body weight and food intake of mice
TE: A /NI E AL B /N it i ek

Ace TR, BEITHES I F 5 BEEBRK . Simpson 5
H00N) 2 BRAEE 1 Z A4, Simpson FREGEL/)N, B
R REVERE, BEIAAHICOCHR . Kl 9A FIE 9B JiF
78, 5 CK ZHAAEL, L. M AT H 4H Ace 35503597 v, H:
T H 4 TF el B3 (P<0.05), M Fil H 4 Simp-
son F& B 3 T K (P<0.05), 8] AMLF 1] LLESAn
/INERUIA B PR T B A AR

Beta ZFEVEIE—Fh i AN R E P RS 2Z A4
FhZRErE2E S 0OFe R, il FEAREIE TR R L
KA RFEA R T E RS S5k 22 =0 S T E0
Hb R R IR S22 7 ATEE G FEABAR AT (PCoA) 2 fz ik
FEAR A 225 . &l 9C BT, AS [l 5 Ab B2 5
CK ZH7E PCoA &l I b 7~ H HH 5 114 43 i35 ke #4, B
AMLF AbFEXF /NG IE A BRI S5y T
SN (P=0.001), 3X— &5 HEHE 7R s ] G o i i
TG R SR, DETTRE IR 1E 35 A A BRIIRE

KT PRSI T S AR

Table 7 Changes in antioxidant indicators and immune factor levels

PEEL =t CK L(80 mg/kg) M(160 mg/kg) H(320 mg/kg)
IL-18(pg/mL) 136.99+4.24° 135.30+3.85" 133.53+6.76" 131.49+6.62°
JIIIRG IL-2(pg/mL) 698.50+4.40° 703.10+4.55° 713.50+4.44° 716.70+3.85°
IgG(g/L) 40.34+3.19° 42.79+1.80° 43.47+1.16° 44.3142.80°
T-AOC(U/mg prot) 2.83+0.41° 2.92+0.28° 3.12+0.44° 3.33£0.41°
CAT(U/mg prot) 22.5748.47° 24.37+5.5° 25.8248.92° 37.79+1.66°
N SOD(U/mg prot) 77.1849.03° 81.87+6.86" 82.08+4.97 87.28+8.92°
MDA (nmol/mg prot) 1.2140.11° 1.14+0.32° 1.05£0.26° 0.60+0.10°
slgA(pg/mL) 32.4942 36 32.69+1.84° 33.414£2.20° 33.93+1.93"

T Al — 18N/ NG FRROR 22 53 i, P<0.05.
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¥ OTU TEARRI o3 ISP T4 TR, 15219
FrAERHIRIE . W& 10A Fias, 72T 1K B, ARIEAR
IREH PR G EA)  JBBE TR ] (Firmicutes, F) AT
# '] (Bacteroidota, B), /I il B i = FE Y 95% LU
o W 10B iR, 5 CK ZAAHLL, L. M Fil H 418
BE TR M, F/B EUIE B 2 FRAK, A B T 4ids
fz i R R BH, AE R K B, A B J8 (norank_f
Muribaculaceae) . FLERFF 0 & (Lactobacillus) . TEIE
7 B} NK4A136 1 J& . norank f norank o Clostri-
dia_ UCG-014. unclassified f Lachnospiraceae. %
IR J& (Prevotellaceae UCG-001) Fl AT B &
(Bacteroides) L FH R 8, SAHXT KT 60%
([ 10C) . HAWERR, B TRAEFLIRAT PR ) FE B R
n, BT LA R S AR AR U R 1 B i, o M7 TE B A R
VERBY; Prevotellaceae UCG 001 BENSZZ fHEARIT
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Fig.10 Changes in the gut microbiota of mice at the phylum
and genus levels
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234K D. g B AT AR [RS8 bR A RN Rk
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Jin 55T R R ZE AL AR OGBS, anEl 10D R, 5
CK ZHAHLE, L. M #1 H 4 B9FLIRHT I# & (Lactobacil-
lus ) FIRE- R 8 (Prevotellaceae UCG-001 ) FYAEXT
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(P<0.05). LI I455EKH] AMLF Al Gl 8N 45 4=
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Fig.12  Correlation analysis between the top 20 genera of total
abundance and short-chain fatty acids
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CAT 7 PER AR, 5 IL-18 B AAHE, AT Ls R
52 —3, Prevotellaceae UCG_001 {3 T /5505
Wi B8R B A= /., T g Colidextribacter W) #1 ] T SC-
FAs A AL, Forboid 55 O i oA 35 EH (P<0.01) .
455 Wi AR Ak, AMLE 30T Lactobacillus F
Prevotellaceae UCG_001 [ AHXT = B, BEAR T g
Colidextribacter WIFHXTFEE, BRI, #:0] AMLF 882
EINAT £ BT ARG = B, RATRAT 35 B AR R 2 B2, A2
B SCFAs A=Ak, $&8 T Hia i HE R s Be i vk, X
Hf<p B R R AT A .
3 4hp

AHFTE I A AL e AR 4l AMLF,
TEMIY 7 B T, HPD500 W B /i e g g 2 B
HRAERRE . SRITIEA R 2R S0 e Ealifl 120
FAUIRBEE N 150 W, il FELERFAE 25 °C, ALBRATH]
A1 60 min, FAEVREE A 1.3 mg/mL, W [ R &5 & ik
51.76%; #8745 D13 180 W, 4bBRAT [A] 30 min, ¥R &
45 °C, LBEARFUITEL 70%, fif W 5 i = ik 84.65%,
AMLF 2425 1T 249 9 £, iy AMLF puziifbiefit 1
— R ERIEAS . AL BT XT DPPH H BRI
AEH SR A BEAR ST AL RE T o Al 2/ N RS
b CAT & 548 CK 4l 1 67.43%, MDA % 5
FEAIR T 50.41%. AMLF (4 W42 2F T 17 i pd A b
Lactobacillus F1 Prevotellaceae. UCG_001 2525 4 T8
B4 /%, FEAIRAA E B Colidextribacter =4, X 8L
A 1 B AT LU HE SCFAs AR R, B/ 28 5iE R 111 7
Az, VETT SR E R T, SR P TAEARRE T, T SN LA
B AR AMLF PSR (0= 5 RIS S B 4l
PRI S, i WoR T HAEE IR AT v
TENH
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