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H B AFRAAKRRBRERTSEEH LG EREREHRA, 3L 40BERRERTTARERF4
(Auricularia heimuer soluble dietary fiber, HSDF) , st £ 45 F&. 454 R A& AR ET AT, B L HK
A B, Bk FEAER, BTN BEER AL S . RS R EEd R R R e B A, RN R ARINES
Fh. @i FHAERA& (High-fat diet, HFD) CS7BL/6] ) R A EEREN AR, 46T ZARETRMIER T HRIETT,
4% HSDF &7 fe ik s SR E . A AL 3E 4R A BT A 28 22 A B B 2 SR IR S X T 45 AR, XA L ERE ) RAE AL
BENE AR, 4R &YW, HSDF 894850 F 24 4.14x10°Da, R HEWHE. 5 HEHKR. HHE. FIUE. K8
Fo B EBE S MR RS, BFRILA 1808.87:0.00278:4.43:2.13:2.84:5.01. HSDF F¥H#H K H K (11.62+
0.302) gg!, FHBHEMAN (29520.259) gg!, FHWKA A (12.7£0.434) mL-g"', *Hidfe BEZGIRIHRE S A
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Functional Characteristics and Lipid Lowering Activity of Auricularia
heimuer Soluble Dietary Fiber
SHANG Xueyu"?, MEI Heriban'?, SU Ling"**, WANG Qi"*"

(1.Engineering Research Center of Chinese Ministry of Education for Edible and Medicinal Fungi,
Jilin Agricultural University, Changchun 130118, China;
2.College of Plant Protection, Jilin Agricultural University, Changchun 130118, China)

Abstract: In this study, the residue of Auricularia heimuer polysaccharide after hot water extraction was used as raw
material, and the soluble dietary fiber (HSDF) of 4. heimuer was extracted by compound enzyme method. Its molecular
weight, monosaccharide composition and sugar chain composition were analyzed, its water holding capacity, oil holding
capacity, swelling power and other physical and chemical properties were detected, and its lipid-lowering activity in vitro
was evaluated by measuring cholesterol adsorption capacity, lipase inhibition rate and cholate binding rate. The obese
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animal model was constructed by high fat diet (HFD) C57BL/6J mice, and treated with A. heimuer soluble dietary fiber.
The body weight, biochemical indexes, and pathological changes of liver tissue and adipose tissue of HSDF treated obese
mice were evaluated, and its lipid-lowering efficacy in obese mouse model was explored. Results showed that the relative
molecular weight of HSDF was 4.14x10° Da, which was a mixture of mannose, glucuronic acid, glucose, galactose, xylose
and fucose. The molar ratio was 1808.87:0.00278:4.43:2.13:2.84:5.01. The average water holding capacity of HSDF was
(11.62+0.302) g'g', the average oil holding capacity was (2.95+£0.259) g-g!, the average swelling capacity was
(12.7+0.434) mL-g ', and the adsorption capacity of intestinal cholesterol was 6.63 mg-g'. When the concentration was
1.2 mg-mL™", the binding rate of sodium glycocholate and sodium taurocholate could reach 92.91% and 90.93%. In
addition, HSDF with a concentration of 2.0 mg'mL™" had a 75% inhibition rate of pancreatic lipase, and had good lipid-
lowering activity in vitro. At the same time, HSDF could significantly (P<0.05) improve the organ index of HFD mice,
improve the lipid accumulation, inflammatory cell infiltration in the liver and adipocyte enlargement in adipose tissue of
HFD mice, and improve the cell area of white adipose tissue of epididymis by more than 50%, which had a good lipid-
lowering effect in vivo. The results can provide data support and theoretical basis for the subsequent research on dietary
fiber of A. heimuer and the research and development of functional food.

Key words: Auricularia heimuer soluble dietary fiber; lipid lowering in vitro; functional characteristics; physical and

chemical properties; high fat diet; lipid lowering in vivo

= Mg 1L4E (hyperlipidemia, HLP) S22 4 g 544
WAL R B, R 5 & Bl ik ok R A Al H 4
=2 YRGeit, /AR RO 1L 205 (Cardiovascular
disease, CVDs) FET- Y N £ o5 A3k BZE T N80
32%, X WELFRICT- RIS EEFRE 2z —, H
AL, R _Fob IR T & MR A 2459 bV T 25244,
{E-RIHIR AN =7~ AR Z RIWE, i B8 & v i
. i, A I R BA BRI RERI KSR 5™
i, VERXTHOIT IR B E R . R arge
(dietary fiber, DF)Z&7E A/ Mg i ASBE g TE AL,
THEIR N Hh 58 42 sk o A e AR P T B TR 45k
AR AL G SRR, A R4 E IR E A A B
e, $oA 2 - LIREFRR”, axfhah ., 8 b
A2 V) K LA S S5 2 el R e e T e Ll R A
B RENRVE .

MR H- (Auricularia heimuer F.) )& T 075
P EEwR A ARH-H . RHEFBL ARHJRE O, 7EFR E A
TARAE R AR RE Dy s, S TR B A Ik B A
FhU, BARE MR LY Bk 51.92~57.57 g/
100 g, & BARH hin F2 R sy 8, BAIF RN
FARBFENRIE 3 11, (B H R T AR 1G4
WFFAIASTE R, PRI, ASBFFER T S B A P OB AR
Hgk s v AT PR B A 4, I I H [ B B RE T
RET BRI RRER S5 AR T 1 g I, LA
PPAL FLAEAR SRR RO, I8 A N B sl A
Y, PRI BRAE AR B A 4R S IR I 5 S e
FESERIRERRVE IR, RS AR B G 4 4EIioY
VLR B R i B A P s S S B e I
1 MREREE
1.1 MRISEE

4 JEE C57BL/6T /N W A db st 4 A AR 2
YR A R (B VF Al IR S : SCXK(AT) 2021 -
0006 ), S5 B4 5 ZE 30 1 75 MRAOV 2= B e L
HE (B SRS 52 20220921001) 5 UK U A

HZZERAaRBAREZRE T iMool #
B2 E I T ARG T O L SR 4 K
10000 U/g, g2 sa A AbBHR AT BROS w5 SRl
40 U/mg, sIAEFHEN A= M ARG R F 5 XS4
T AH[EEE  pu)i 4 veay AR A BRAS 75 IRAR
il 30~90 U/mg, VEG7K A PEHEA R Al B
Fwlfh PR B2 A R Al 5 ARITT b
R 2V By A R T R AR 50 U/mg, Jbat
St B RS W R A B AR AN E 5 i v R R
(TO G & . MEHIM =AR(TG)IRFI&E K
) T ARG B F] o

AL104 53T R RIEAMERE-FE R AR A
BRZS W] KI 20AL B AHL RN RS B SR
BN THZ-98A fHIRFE IRk &% ifg—1ER}%
LA FRZS T ; Model 1680 BEFRIHTAL A SR A=A
B2 24 7= S A BR 2N 7] 5 ALPHAL-4 EL 25 % % T4 HL

VLIRS IRFAESE RN AR B2 5 A BR AT .

1.2 SFHE
1.2.1 BARHAEVERE LT 4EIR B Sl E B
BURAHFRE T8y, B LA 1:80(g:mL), 4H
aik, 80 °C 2B 5 h J&, 7EF% 3 7000 r/min R &
> 15 min, B VEW 1; 78 2 UL S, BH bk
1:30(g:mL), [MEAIIA Na,CO, B, iR N
FEEY 30 min, #RJ5 LA 7000 r/min 3EEES.C> 15 min, 15
PV 2. B FIRTTTEHZEBKBEE TP, 60 C,
20 h FATHET . AEMETROUTEE P, 208 1:30 AR
LB AZE1 K, pH 75 2 5.0, LA 0.9% BY£F4E
FEEFIR S, IAE 50 °C FEFH#EN 3.5 h, B,
£ 100 °C F K #% 20 min, 7E£ 5% 3 24 7000 r/min
NELC 15 min, 35BS AR S IS 3, pH A
= 7.0, 5 EIEW 1. 2. 3, 47T 60 °C, 12 h 45 K&
=50 °C, 12 h % TACH, B A5 AR I RS
4 (HSDF) .,

TSRS B 4T 4k 19 i3 18 40 B0 I8 GB 5009.88-
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2014<E A E KRR S TP IREE LR 4RI e )b
AR AU T . AR S E I E 2= 8 GB
5009.5-2016 & &% 4 E AR B F I IR E ) o
>k ICP-OES J5 ¥, iK#E GB 5009.268-2016 & /i
LA E AR UER S TP Z2 50 R I E ), X R ARH A
PERE & £T4E(HSDF) i goc Z 3 1l .

1.2.2 FBAREA MRS L 420 3BT

1.2.2.1 Sy FEMNE SRS RSE I O 51 %)
HSDF #4745 Fm2illE ™, FRETF i (Mv) 2 10,
40. 70, 100, 200, 500 kDa A% SMEFRES,, Inz=i8
KB AL 10 mg/mL UL, i 0.22 um 7K FHUE R, £4

PN TE] t 2 x 41, AT o3 T Bm X8 1g Mw 2y 4,

2 AR HE jH 28 (y=—0.23361x+7.6677, R>=0.9941) .
FREL 5 mg HSDF /il AZE8R /K B il i 10 mg/mL %
W, o 0.22 pm JKAHERR, FEA TR I SR g .
a5 2542547 Agi-lent 1260 Infinity ELSD 2% & JGHEL
R 2%, TSK-gel G-3000PWXL 4,34 (7.8 mmx
300 mm), FEIE A 35 °C, FshAH R ZEM K, A
0.6 mL/min. MR PuHrHERT L, 715 SDF A X445 F
Jpin==an

1.2.2.2 BT B SRORAE (Xt HSDF
PRk REAT I E , FREX HSDF 5 mg, HIT A i 47
B TFA ZEHE, 121 °C ik 2 h, ZASR T A H
IHVERIR T, A 3 IR N ATCEE /KIS, 58 A G55
R AR . FBhAH: A #H: ddH,0; B 4H: 200 mmol/L
NaOH; C #H: 200 mmol/L NaOH/500 mmol/L NaAC,
Ve A2 7 A 0~30 min FE B AH AL B, C 4351l N
99.2%. 0.8% Fl 0%; 30~40 min W3 HH A. B, C 43
BI°H 79.2%. 0.8% Fl 20%; 40~60 min FishAH A, B.

C 439 20%. 80% F1 0%; 60 min Fi s AH A. B.

C 4350 99.2%. 0.8% F1 0%, %ii#: 0.5 mL/min.
1.2.2.3 2I4MGIHEAT BRIEFIRE S AR AL (KBr)
FEAMTHLA, HET 4 h KRS SRS LR
1:100 1 B FE ok, TR G145, -HE A HLER S
Yy I B, 78 4000~500 cm ! 5 [l 33, $140
KECH 64, 53HER g 4 cm™'
1.2.3  JEARHE- ARG e 4B AR o
1.2.3.1 FpRJpdE  SHESCHR [10], BFREL 0.5 ¢
fY HSDF, filA 8 mL ZEME/KIB&H4) . R
REFE 18 h, ZRJ5AE 3000 r/min | &5.0> 20 min, id
SEES LR ULIE B RSN my, FEULHELE 105 °C FF
J, BRI E R, IC SRR A TR my. AR
&3k, Fk I (WRC)HE AR I

my

wmm@=9§—

i WRC HIEELFYERF K TT, g/g; mp W ESL
JEUTVET AL, g5 my N TRRSUIIETR, g0
1232 FRl i iiE 2 BOCHER [11], AR RREL
0.2 g HSDF(BRic A my), B HTRA B0 v, PR
EELDERAERIETE N m . 2 Rk, A 5 mL

AT, SEER TR G . FIREGYEER i
‘B 18 h, 3L 6000 r/min B FEES.Cr 10 min, 25,
RBRFRENM, IR EFIRY)IE (R my) . R4
FUCEATIRES, $ I A ARG RREHR 71 (0OAC) .

m,

OAC(g/g) = ———

K H1: OAC ANEELFMifeih )i, g/g; my AFRIE
i HSDF Jiiht, g; m, B0 t, g5 m, S FIA3H) JoT
JL, g
1.2.3.3 ik JipgilE = BESCER [12], AR FR L
0.5 g HSDF(m), A B T, BRRIREIE.OAE L
PREFRE S ZKOE, FESERIIR AR Vo
A 10 mL ZE40K, KR G E TEHBEIREE T, /K
A 18 h, I SERLARTL V. K T (WSC) LA
AN

V-V,

WSC(mL/g) =

A WSC HIEEL4ERZIK )1, mL/g; m SHFRE
i) HSDF it g; Vo NIRRT, mL; V ik
FH, mL,
1.2.4 JBARH ARG E L 4EARS MR
1.2.4.1 JIH [ B [ GE X HE O e, Bk AR
5, BESS LA 9 fE AR I L B KR RS, 755
FT, 7€ 200 mL £ETEHEH I A 50 mg HSDF, il A
15 mL _EiREEEEAR, 15 pH 3B JA = 2 Fil 7, XF AR
BRI B T BT 37 C MEREE R,
T 2 h 593 EE, 7E 4000 r/min T 25.0> 20 min, R
EW 400 pL, ¥ 1 mL ¥RERERIIDA 1.5 mL FeHl4T-AY
OPAIXFI &, 1B )5, HE T =& 10 min, &% LA
550 nm PEARAIMAEAS (RIS GRE . DANE R Bshn vk 2
AREARRR x, AOSCREE AL bR y 23l bruiE ik, fR
Y it 2 (y=0.0094x—0.0076, R*=0.9965) 3K H iH
BB

R A (ma/g) = 2

o a Sk U 5T AR B VR R 9 IR RE B i, mg;
b R R e L R A A IH SR S &, mg; m > HSDF
A, g0
1.2.4.2 JHfRELWBFEET]  HX 3 mL HSDF F4EEH
i EHP A 3 mL 10 mg/mL & & A g (5T pH
6.3 19 0.1 mol/L BEIRELZE ¥ ), 1 mL 0.01 mol/L
HC1, DIMEH B A B A A . )R i v R 45
A 4 mL 0.4 mmol/L /4 H & IEfR 44 . 0.5 mmol/L
LEREAREREN, T 37 C THIESAMA TR 1 h, IREY
R .0, DL 4000 r/min 25.00 20 min, B FIE
W, SR g T g, B REERPAT 3 k. AR
e G AT

FIE R 2 0 N 2 — R 2 e o o

B £h 4 4 2R (%) =
JEPR £k 25 B K (%) TR AT x100
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1.2.4.3 [RISHIBEEMGIGTE B 0.5 mg BB HTREES
fi# T 1 mL PBS ZZ0p#% (200 mmol/L pH7.5) 1, Bl
J% 0.5 mg/mL ¥ FREL 0.5 mg 4-FF JL<P- T IR 1 R
fig (4-MUO) , K HE i THEE 1 mL % PBS &P
(200 mmol/L pH7.5), Bt LLAS 2| )E 7 0.5 mg/mL 1Y
R A5 s 4k 2 FREL 40 mg HSDF % fi# T 4 mL
PBS ZZnhyi b, BEfil 10 mg/mL W, I3 & AT
HRPEBAE . FeZAE 320 nm PR WK AT 450 nm &5
PR TSRO CRE . ISR E b A= AT TV
BHPEXTRE . 43R A AR

. A — Ape i
%%%%mﬁzmpp_fhjéﬂﬁmm
20— A i

1.2.5 EAREAIHAENE LT 4R AR I RRNRROCR

1.2.5.1 BhWeEERisyzy L5 L 90 K 4 JE % ik
C57BL/6J /N XTI, R 20~22 g B ENTY
R ARFELE 20~25 °C, B ELAFFAE 50%~55%, 45T
HH/mE ' BB TE] 4331 A1 12 he X0 BREEA 738 o 1 it
F= 185, PLZERE 75 H/NERE 60% 14 & AG i
iml gl (D12492) #EAT @ A%, Ay /N RAE S 28 1 4
(NC), dkgrim i tm kel . 2R E) Sk 8 J& . et
AT AR/ IN USSR S, S AR i 1 /N B, KBS
A X B DA A M At/ IN ERBE L 53R L4 (n=8) : 4517
ZH (MC) . FAMEXT B8 2H (PC) . HSDF {5 & 4H (SL,
100 mg/kg) . HFFE4H (SM, 200 mg/kg) FlvE 7l E 2
(SH, 400 mg/kg) . 432HJ5, a5 A REZH 9 /)N BR gk
BERMEE LAk, HoftheA kel i ekl . ARYE
PE /N ER R A TE B 45 2, BH PR 2435845 R B R =] At
(150 mg/kg) o Z525301A] A FRUOKRFIIEE . 452553
b6 JE.

1.2.5.2 FEEREE  S2Ee g n, Ml B BUNEL
FFIE . Ry I g T eH 2 . B s e g et 2 . B
ZHONBTIAHR . BT EER gL, X
BEATRRE, —FBS A 5 mL B.0%F, T--80 °C 3
ATERAT, HATHRIY 4% 2R EH 2, B i AsA T,
TIREL% .

1.2.5.3 M fIsbsile AR5 AH S5 S i i
X3/ BLUMLIE B AE [E i ( Total cholestero, TC) . H i
—MWE(Triglyceride, TG) 5 RBEATHEI .

1.2.5.4 THANE-H4L (Hematoxylin-eosin, H&E ) 447,
R T e 14 £ SRR R AR 28 T A e I e
H o R AE A K35 PN A b SRR T
Ko RIS FEEIEYLN I TEHE K g A HELS
FRECE IEIE], VIR TR Y 4 um. PIREPELE 40 °C
PEETHLAG R, L LU, FHZRBE Ao H AR, JF
TE 60 °C LA P LEE . SERUn, 1T H&E YLl
R BARIEENEE, A TGRS HT o

1.2.5.5 AR U5 4i el & >R HH Image-pro plus 6.0
(Media Cybernetics, Inc., Rockville, MD, USA) 531
A, A H 9 A 5K PRk 200 f5 00 BF FEATHA A L

€ (ELGUNPAS oA RZEEZAW W ks St Y L R ST R QWA N = 8
FOt—2%k . W JH Image-Pro Plus 6.0 %5 LA 200 1%
PRI ARUE, BTV A BB 5 A~ 583 04 15 i 4i Rt
EEERIY A0
1.3 #IEAIE

T R TR A I 3 WK, SR SPSS 20 &
TR A TEET 534, A Origind.0 FAFLEIE, %4
YA PR FH BRI 3R J7 2253 M Tukey 15 LbEc2H A119
Z= 58, 24 P<0.05 W B geit 225, Badonh
SEIEEPR TR ZE
2 BR5SH
2.1 FBAREWAMBERTHR S ST RIBNMR

HSDF HJ3RHBUR Ty 78%, LA Hfi 5 HSDF
50.7% HIREET£T 4k, 14.86% UKL ZHE, 18.1% I H
JRAH %, JE & 255 me/kg B Fe(3% 1), HALMHE
SIMTEE SRR (3% 2), HSDF iEEgH/K Sk (11.62+
0.302) g/g, ¥ 115 (2.95+£0.259) g/g, Sk
J1°8(12.7+£0.434)mL/g, R E L4 BAT R i sEk Ik
Hl, 5K T856 e SR BIEIKIRER, 768 miE
BRI IR, AT BT AnREag" . e o sy
FHa AN EET AN SFR M b TR U G B £ 4E, LA
AT AT A5 L 24 12 5k p T HE U T RS B
2T, BT ok P TR IO A AR S T TR A I R
BT Y, R R AR

%1 HSDF 8434

Table 1 Composition analysis of HSDF
% EE
B ELT4E(g/100 g) 50.7
A RS BT 4 (2/100 g) 78
HZHE (/100 g) 14.86
Bt # (mg/kg) 255
FEH(g/100 g) 18.1

72 HSDF (3L
Table 2 Physicochemical properties of HSDF

£zt R
ek J1(glg) 11.62+0.302
e (glg) 2.95+0.259

&0k 71 (mL/g) 12.7+0.434

22 FEAREFAMERTHENS FENE

X RE fh AT R ThR v R B2, [ B2k
 1g=—0.23361x+7.6677, R*=0.9941, TEI SR
& HSDF #4rF 5 (I8 1), HSDF BEiE ks —pe i
W, AR BA IS TE] A 8.779 min, fOAS T HEARfERT 2155
43 TEN 4.14x10° Da.
23 EAREFAMERTHEBIERR ST

HSDF & 1&g M AT A4 5, it HPLC & Y
RN 2 s . HERRE . A NHIRE R . AR .
FUBE . AR AR R R 43502 18, 30.2. 39.5,
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11 HSDF Btz ik
Fig.1 High performance gel permeation chromatography

of HSDF
700 Man
600 |
500} ‘
>
E 400
gzoo- i‘
200 f I Xyl
100 | Ge |
L w‘,\‘ GIC.A Gal/l  Fuc
0 10 20 30 40 50 60 70
PREGHE] (min)

€12 HSDF Sz st
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Table 3 Organ index of mice in each group
A E NC MC SL SM SH
JFE 4.625+0.002 5.236+0.008" 4.16120.003" 4.791+0.004 4.671+0.006°
B2 1 € R I 2 20 1.029+0.004 3.265+0.009" 1.907+0.004™ 2.189+0.005" 2.1710.005"
1 LR TR 0.239+0.001 1.198+0.003* 0.728+0.002" 0.774+0.002" 0.7510.003"
JE BT 1 R T ZH 2R 0.621+0.003 1.824+0.003" 0.897+0.004™" 1.091+0.003" 0.967+0.004"
TR 42 0.399+0.001 0.352+0.001 0.462+0.001" 0.475+0.0017 0.475+0.002"

7E: n=8, "P<0.05, *P<0.01, **P<0.001, vs NCZH; "P<0.05, " P<0.01, """ P<0.001, vs MC#H .
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