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Abstract: Objective: To examine the structure and potential synergistic lipid-lowering effects of the complex of
pomegranate peel polyphenols (PPP) and Agrocybe cylindracea polysaccharide (ACP) extracts, as well as the stability of
the mixture. Methods: Based on the previous experiments, extracts of Agrocybe cylindracea polysaccharides and
pomegranate peel polyphenols were obtained, subjected to quantitative analysis, and non-covalent interaction was used to
generate the complexes. The adsorption capacities of the single components and their complexes on saturated fats,
unsaturated fats, cholesterol, and pancreatic lipase were assessed using the Chou-Talalay combination index (CI) to
determine whether synergistic lipid-lowering effects were exhibited between single components and complexes. Structural
characterization and stability tests of the complexes ACP-PPP were also performed. Results: The primary contacts between

the ACP-PPP complexes were revealed by spectroscopic investigations to be hydrogen bonding interactions. No additional
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double bonds were created during the complex building process. The complex had greater solubility and thermal stability. It

was advantageous to preserve the stability of the complex under the conditions of light avoidance, low temperature, and

mild acidity. The complex dissociated to varying degrees under varied parameters of light, temperature, pH, storage

settings, and digesting system. When ACP was combined with PPP, the amount of saturated fat that was adsorbed was

13+0.14 g/g, the amount of unsaturated fat that was adsorbed was 8.73+0.53 g/g, the amount of cholesterol that was

adsorbed was 74.8+1.23 mg/g, and at a mass concentration of 1.2 mg/mL, the inhibition rate of pancreatic lipase was
57.21%=*1.32%. Following the complexation of ACP and PPP, the CI value of each assessment index was less than 1,
including a good synergistic lipid-lowering ability. Conclusion: Agrocybe cylindracea polysaccharide and pomegranate peel

polyphenols have good stability and synergistic hypolipidemic effect after compounding.

Key words: Agrocybe cylindracea polysaccharide; pomegranate peel polyphenols; complex stability; structural

characterisation; synergistic lipid-lowering
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REFZFPIIRERRIEC™ . BRIRED SR AW 75 T
M/ INERE RS, 5 IR R, S5 4 20 AE m HiAsi gy
LT AR T o o

i #8 (Punica granatum L.), T-J8 3R G # @& H
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KET 1 LB, IA 500 mL Z&8187K, 70 °C Fi2
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BBREH, EE 2R E TR AT, InA 3 fF
RFUTC/K O W B —W . DTTERE TOK, BT 72 h R
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1.2.2 AORZZHEET 2 S BARIHEER 5T
ITIEFEVEAE R, Fr a8 T T30, K Ul s N s
TR 50 °C HEFRRET, I B AR . FREL 5 g AR
By AR F IR B, Il 150 mL ZE818 /K, £ 70 °C
TE IR KA ES AR R 1 h, F152 IR, 15 R U ORI
B G EZE AT BIRH PR o RH B TR R A T 5t Ak B4y 17
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1.2.3 ACP-PPP E&WIM#il4s S LI 42 iaf
ST A 4k W - . Z 1% (ACP-PPP) & &
Y, FEYEIE R . ARIETR LS T4l 2R, LIS &7 7T
Mrdabr, I L pH. TR G Wi 5 0 5

i, £ SRRHE G WAETTE LN 1:1 (25 °C. e
FAF T aE R Em, ACP 1 PPP 45G 21K 165 mg/g.
KK ACP KR PPP 7K T — 2 LU IR &,
HIRDEFE 30 min, FEFELERFH 10 mL IR G WL
TS A FRUF B NTAE (1000 Da), B ZE BT V-4,
JE B BTN BT VS U TR, 3143 ACP-PPP &2
“W.

1.2.4 ACP-PPP E-5WIMIGEFIZRNIE

1.2.4.1 EFASRLIINEIE ST SHZ MRS

SEPI Tk 43 S FREL 5 mg ACP. PPP Fll ACP-
PPP #£4h 5 KBr IR 551 R )5, #E 4000~500 cm™
PWeAFE B N AT 50T, FIIREL 64 IR, 43 HER
4cm’,

1.2.4.2 SRAM-AIWSGIE ST SR RS [y
v R EMRE A 1 mg/mL 1 ACP. PPP F1 ACP-
PPP £ IA W, FikE 20 £, LIZEIR/K R ST ILER, TETY
KM 200~600 nm A TEEANEREFAH -

1.2.4.3 ESHT SHIBEZED (1077 53 5FK
B¢ 5 mg ACP. ACP-PPP F£ /5, I AFEHL Y, FE4ih
LA A, 3l R ST O AU R B R i

FE 5 B R, VR YIS Bl 30~600 °C, TR

10 °C/min.

1.2.4.4 X-SPEATH T S REELIERERS fJ7k: ok
X B EAT S AL AE H E 40 KV, L 40 mA, 26=
5°~90°7LHEI N MIE ACP Fll ACP-PPP A1/ X HF£k
TS

1.2.5 ACP-PPP & &5WkarE st

1.2.5.1 #FsEtE  SREXIRKCLERT BFsE ik, Y

YEIE R, 7E 1000 Da 19i@EHT4E ), 535 10 mL 11
BEWIKER (4 mg/mL), IZ3EEAE 190 mL FYZEIEK
1, IFAE 0. 25, 37, 100 °C KIBHENT 4 h, DLIEFTH
FoEPEPEY, T 765 nm Ak, BEFFR AN 2 35 A &b
W Z W R, A3 B R B 5 4% 200 mL RAFR
A Z MR R, IR R A (DT

D(%):(1—“ml)xloo & (D

K D RZ W AR 3R, Y%; my B PTANE
WEES Z W B0 5 L, mg; m, I E -G Z a0 5 &,
mg.
1.2.5.2 JHfbfasEtE S HEXITKLLERT fFss 7k,
SrHIEL 10 mL MEW . B . EAE RIS S =0
10 mg ACP-PPP & &) T 502451, 150 r/min £ R
37 CIEIRIFE 2 h )5, KRG A EPras, i&
Br 4 he T 765 nm &b, BgAR{SCN % & BTN
WEES Z M OGRS, THR 2 W AR B 3R, LR B RN
(DI,
1.2.5.3 JefaeEtt SMIRIRTEPY g A fEES
W, ¥ ACP-PPP & -5% (1 mg/mL) 4y )& T % P ke
. BN HERSG. ST RBHYGRISAE T, £ 5 d I
SEZWy S, ESEME 25 d, T R B R, 4L
RS /TN (B = N

D(%):%XIOO & (2)

K. D R ZWIILR 2R, %; my I AF—BRAT
TE] R f T Z2 W 14 TR L, mgs m, A AERTRE S
Py 4 BT B, mg o
1.2.5.4 pHFENM: S IRM] 5540 Wios 7 ikfiulE
&k, FH 1 mol/L HCI #1 0.5 mol/L NaOH [ i, pH
J92.3.4.5.6.7.8.9. 10 B, INATEBFEN
VW, BEGERE 24 h, JIE 20 &, T E AR
3R, PR RN ()T
1.2.5.5 WA ErE SEEBIRECT W IR 5k,
Bt ACP-PPP &5 (1 mg/mL) 3B B T ikG 5
R F 4 °C VKFEIEL, 5% 5 d MIE W&, %
ZE e 25 d, TR Z O B R, R R A 2(2)
5.
1.2.6 ARSMNENGIE I 2
1.2.6.1 JHABMIREE: S RHRFIERY BT Tk,
HETHFREL 1 ¢ ACP, PPP. ACP-PPP {45 B T He4f
Fr, B 20 mL RIS 5 /A 0 RIS D TR A 1

1 h, .02 2R, E4C T+ RiENFES I, FREE,
ARPE A3 IR XTI Bg e [
Q(glg) = %

3

o Q AR &, g/g; m, AT MY BT
i, g m, RUFESTHIYTTEL, g my SHFESIIYTHEL, g.
1.2.6.2 JH[EEERMHALS: S LI &P ftss ik
FVEME Y, HERMFRI 0.1 g ACP, PPP. ACP-PPP f
S AN 20 mL 0.2 mg/mL AB [# EEE IR, 18
YR EL 150 min, B 0.2 mL _EVERIIA 0.4 mL 4582&
THEEE W (1 mg/mL) ., 0.6 mL 7KZWZ . 8 mL IR&
T2 (Vogemms Vikzm=1:1), 37 °C /K 15 min, & T
550 nm PEAKTIMFEAR S GRE . DA RE Ak by
y bR ERIZR, y=1.2x+0.0395, R>=0.9921, 3K 4 IH

7 (3)
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I FE ST R TR A5 (4) V15
Tl (mgg)—~ R (4

o VIR EA AR EN, mL; m SRR S5
B, g3 C A WZRRHE AR E AR E, mg/mL; C, A
18 Sfe i L 5T Py R T B2, mg/mL o
1.2.6.3 BRARWTEGEID GG S 08 F R pFoe
ITIRFEEIE B, B T4EIEIR, I 5 mL pH & 7.5
f4 0.025 mol/L 1Y PBS, ¥IH 5 1 mL KL
F 40 °C Wi 5 min, BIZIPES S, B 4 mL ZLALHOM
A 1 mL 0.02 g/mL JBEAG 5B, FHZEE /KA QR S g
WA S 0 BR300 A 43 i AAS [R] e B2 ACP
PPP. ACP-PPP #%#i(0.2. 0.4, 0.6, 0.8, 1.0, 1.2 mg/
mL) PRIE 5 min, BUHE JESERIIIA 15 mL 95% Z. 18,
ZLAbRE N . A 3 T EkFE 2~ 7], A 0.025 mol/L
NaOH 7 %8 R A £k 1k, il st S AN TS FE
Hro RARDIBEE A #4205 T
Vo— V

0

x 100 = (5

X(%) =

2 X IR U Tl UG P R, %o; V) NAS
Xt REZH BT M AR NaOH FYATFR, mL; V A AR 5 52
BO2H BT A€ NaOH HIAFR, mL .
1.2.7 BCAEHRE(C) AT ACP 5 PPP BKA
BERBVE AP IRlEA J&:F5PT, = B8 Talady 1 Chou A
R FRBEAVE FHFE L CLL 24 CI<1 B, 2B — 4 5
LI FVER, 224 CI>1 B, 268 — 3% HAT U RIE
HH, i Cc1=1, £ F BA G EHP, FIH
CI kAL PR 5 AR B, #5053 (6) 1155

CI:E-%& = (6)

D, D,

K H: D, . D, HECE B =4 EERR X Y
S AT 7 D, « Dy, P4 s eagm (s FH r= AR 1
% X BT = .

1.3 HUEAIE

S EE I R = ROPA TS, ISP E R 2
(X£SD) 7R, % Excel 2021, Origin 2021 #4752
I B Y B A B ST L e 4 ' . SR IBM SPSS
Statistics 25 47 28 5 4 73 A1, P<0.05 Ko 25 5+
W,

2 HBRESH

21 EAMEHISE

2.1.1 fHHEMARS LTSGR TSR JE T LA
AT SRS 2 S Z AR EAE B E B . B’ 1
& ACP. PPP 5 ACP-PPP & -5 ¥J7E 4000~500 cm™'
B e [ R £ A0 oG iE TR TS Ol . ACP AE
3280 cm 'l 2890 cm ' AbH ERAFAEIEI R O-H 1Hfi%E
YRS FI C-H M4 PR3N . 1640 cm™" AL [T it e i
3R C=0 KAEXTFR. AEXTFRMAEIRS), 1360 cm™ &b
B JFT 1 R AT WG Ay M TR TR T gk RE 10 ARF AIE W AT 04,

1150 cm™" b X Rz MH PR AR B 3 W AL 08g, 999 em™ Ab iy
WG I ACP B o XA O BEFF R, PPP H
AW I (3277 em™) | W FE (2870 em™) | Pk FE
(1710 ecm™) . ZEFF (1510 ecm™ ) JFERZIIERT, 24
WYIE RS O-HAT C-H R4S, 53 ll# 2 3300 cm™
12910 cm™, B ACP 5 PPP &k T 3 ZU A & 5
SR, 1 1700~500 cm ™! JEEIN, B 5% ACP-PPP 14
BT 22 Wy LSRR IR S0, (RS B R B R
AT —EAR e, R T B Z B EAMAEAEARPY, &
4 ¥ ACP-PPP 2Rk H BB i FRAE 16, U6 B &2 &
ACP-PPP B &Y=z b EZUE S EAEH .

B (%)

4000 35I00 3OI00 25I00 20IOO 15I00 IOIO() 560
WEL (em™)
Kl 1 ACP.PPP. ACP-PPP Y£L41 ik ]
Fig.l1 Infrared spectra of ACP, PPP, ACP-PPP

2.1.2 EBANEIESMgE R ACP. PPP 5 &2 &Y
ACP-PPP 1§ 48 #h 1% 40 K] 2 fif 7x , ACP 1£ 260~
280 nm Y RAFEFE N IA R IE, I ACP JLPAE
EHB SR, Zmaitbh &G — 2135
AN TR B | P, W IR 2 B AFHE 200~380 nm
JEFEI N . PPP AY4RNEIE H BAEE 203 nm(m-n 2K ER Y
BRAF) | 275 nm(q-n B 3R 09 GE ) o IR ARRE MU 1
TEE A Y ACP-PPP [ G1E T, (HARNEWEAE XS 5255,
T G SRR T A T BT O . XS
LI &8 w58 R B2 i S Zmnm st JE i ish &, &
B P ARFE NG 58 AT v T 2k sk 55 T oT 45 SR
—34.

2.5
— ACP
2.0 —PPP
ACP-PPP

200 3(I)O 460 560 6(')0
A (nm)
2 ACP. PPP. ACP-PPP {4855 Al
Fig.2 UV spectra of ACP, PPP, ACP-PPP

213 MEHHSITLEE R ACP 5 ACP-PPP £ 30~
600 °C By BT & SRANE 3 Arn . ZFER R =
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WK EST S = ABr B, 55— FrBt: 76 30~250 °C i
N, ACP M BT R 24920 12%, X & H T ACP 45
A SRR ST BRI, S A/ R E R, SR
BrBt: 7E 250~350 C {5 [FEN, ACP JlRERIZUFEILE
22%, FREARILAIN 67%, I8 M T i iR d 15 2o
fie T A AT BT R ORI BE R G o BE B BL: A 350~
600 °C Ju[HIN, 2R EFREWHATEE, FaEiik
2909 11%. 24 ACP-PPP By HHA6 2ty =
AYTEE, S5 BE: 7E 30~250 °C 76 BB NATISR 7K 43
TR B B, TR BRI N 1%, 25 [ 78
250~300 °C JuEIN, BT gkSERHINE 61%, AR HHR
B AT ACP 958 —Br B . 85 — B Bt: #F 300~
600 C YL PN, Bim ik 290 23.7%. i8id b
ACP 5 ACP-PPP 1Y TG [k, nI LIASH BEE 1R Y
AW Tk, ACP-PPP 7E 250~350 °C /8] iy Ty
5| i T 35k BH BAICF ACP, k3B ACP 5
PPP & &5 BIFER S HE TR .

120 1
— ACP
100 - — ACP-PPP

80 1

60

HE (%)

40 -

20 1

0 100 200 300 400 500 600
IR ()
& 3 ACP F1 ACP-PPP [FNTE ATk

Fig.3 Thermogravimetric analysis curves for ACP
and ACP-PPP

2.1.4 X-BHERATH e XRD lid HTE &Y
e UG RAE ST AR S 1 —Fh ik, ACP 5
ACP-PPP [y X- it BN &l 4 iR, 46 20=17.89°
Zifi ACP A —A~ “TIE” SR S5, AT Shide samisR
B, UL ACP EZELIEETE 145 i A AE, T 20
Y28 A5 AE 20=20° 757, T S T IN 8 iR
HAE SIS S/ NTR— 20, BEICEIE .
= EE RS IRIRSAFAE . X —Ha 3 T ARG - K s M

700

600
500

— ACP-PPP
—ACP

i 400 1
B 300}
200 -
100

0 (I) 2I0 4I0 60 80 160

20(%)

4  ACP I ACP-PPP [ X-S A it &1

Fig.4 X-ray diffraction patterns of ACP and ACP-PPP

FIEED AR 2R P BT, B i HAE R R
22 RBEMIHL
2.2.1 PEEMSPTER EENINTT sk g
h, 2R 2 SRR T T R S TR )
B, PRI AS TSI 2 ACP-PPP 525145 BIAE 0. 25,
37.100 °C F PPP M B3R, 45 RUNE 5 i, 78
0 C BIEEYIEARSE, ZT R Z N 98.27%, HEE TR
JE AW T 55, AR R R R (P<0.05) TR E N
100 °C B, AR B8R T REZ 45.01%, X2 H T7E S i
IS, S RRE tE a2 2l m, e E AR s,
BEY RGP i
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Fig.5 Dissociation rates of ACP-PPP at different temperatures
T ARVNG FREFRORH 2257 835 (P<0.05), ] 6~I&1 12 [l

222 HARREMSITEIR  EIERLEIY B

IEISME TR, BT e IE (pHT.4) KA 53 i, A% 58

10% IR ARIE . NP8 Bl ACP-PPP fE7H L
A Z Hr RS P, SRASSHIMARS NS L R 58, K = i)

BHYOE. B miEEesh, g aniE 6 Froas B
TR EE (A f s, FE s L B L i i O 8 555501

N 85.3%. 78.8%. 72.2%, P Z MR B E =
T H iz iE (P<0.05) . TEMGIE b i Fa e M 2s | i

B, X 0] e T IE AR R R, SEE

B AT E, WFE I ACP 5 PPP 4554 BT PPP
TETHALIE SR>, X HARESEAEI0 A
SNEIL RS, B E A E T Ok B il =R
JRIE W, A5 miE p ke e 2z, s nlie 1

JEE R B AR A B R 1.25 /5 1.78 1% U WIF 58 4%
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Kl 6  ACP-PPP fyiH kAt
Fig.6 Digestive stability of ACP-PPP
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2.2.3 SeRREME A WIS AR B Akt
Yo AFERE . W 7 FR, Il ACP-PPP & A ¥I1E
AREPEIREAF T2 BMRE SR, 7T LA &R
MEANIJS ) ACP-PPP E -5 PPP Y& 280
ASTR AR B T B ka3, LR A9 Y PPP L [E
fitt . ENEEG . EPNA RGBSR HYGESE 25 d
J&, 2B R R %2R 81.39%. 62.01%., 41.85%,
XA TG T, 28w h i &k
S AN SEAA AL, B0 T E A gt Rk A
Y ACP-PPP 1 24 CA-AT -

100 &= b
a
90 |
S 80f
% 70}
S& 60 |
§ S0F  —a DL
40 b +§V‘]H7j§ﬁ‘f} m
—— ERBHYG
300 ‘ ‘ ‘ . .
0 5 10 15 20 25
KA (d)
Kl 7  ACP-PPP R[EIJEIESA T AF e

Fig.7 Stability of ACP-PPP under different light conditions

2.2.4 pHECEMESITEE R WiE 8 i, ANIH pH
%t ACP-PPP & S5 ¥R sE Iy Aa —Em ., &
pH AT, ZW AR R IS T as, TEmerE
S R E RO TR RS . 7F pH v 5 B, 21y
A5 B8 IR B e KB, N 98.75%, 24 pH A 6~10, £
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