5 47 % 5 3 i Tl B Vol. 47 No. 3
2026 4F 2 H Science and Technology of Food Industry Feb. 2026

WA, B, BN, A5 AR SRS IR i i ILRE /D BRI S 5 13l B SR RLA R (0], B R, 2026, 47(3):
403—411. doi: 10.13386/j.issn11002-0306.2025010223

HU Yue, HUANG Feixiang, FAN Bing, et al. Ameliorative Effects of Osmanthus fragrans Ethanol Extract on Dyslipidemia and Gut
Microbiota Dysbiosis in Hyperlipidemic Mice[J]. Science and Technology of Food Industry, 2026, 47(3): 403—411. (in Chinese with
English abstract). doi: 10.13386/j.issn1002-0306.2025010223

AR Z B SRBUI  i MLAE /I SR AR 7 7 -5
Wi B AR ALSGEE R

HHOR,ERHELE W, EER K E.E SRS BifE
(RAEF 22 F 8, B F I FHLAREON G55 FRESZHE, @I R 610500)

3

_1

W EH: WAL CERRY (Osmanthus fragrans ethanol extract, OFE) 87 & 5 o s /s R 8 3 28 F 4L
1Rt fe BB Q42 & 5 F 09EMALH. Tik: SR RE 6 AELFHBoE N RER, SHEFA,
A, OFE{KFI 4. OFE SRl &H. FH/RMLTH, EFTLHSEH, N IRARET, THaE, FEik, £
Mo FRER G B BT, EEEEEaEz A XM&AKE, HE F &AM RAF ARG REHN ST, HiB
i 16S IRNA S M Ao AT R ERMERFH SR EARTN. 2R AL CERBAD RS R ) J N
BE AL, BAERTF (P<0.01) ; MAkei# b b =B (triglyceride, TG) . % A2 E & (total cholesterol, TC) F=fk
% M6 & @2 BlBE (low-density lipoprotein cholesterol, LDL-C) K-F (P<0.05 % P<0.01 & P<0.001) , & &%
JEJE & G2 BB (high-density lipoprotein cholesterol, HDL-C) K-F (P<0.01) ; 44&7 —# (malondialdehyde,
MDA) K-F (P<0.01) , #FEAZ AN (superoxide dismutase, SOD) . T &AL A B (catalase, CAT) .
B AR A (total antioxidant capacity, T-AOC) K-F (P<0.05 3 P<0.01 & P<0.001) ; &AM T4, 47
#KIE, MBEESS; RSLFF ATP 446442 % 49 Al (ATP binding cassette transporter Al, ABCA1) F=#
f& & & Al (apolipoprotein Al, ApoA- 1) K-F (P<0.001) ; BAHHEAZF SN, EKEERIT/MATFE N
(Firmicutes to Bacteroidota, F/B) & (P<0.05) . % : OFE B A K3 5z ) R A5 R AR R 5 AL ok
F, HELBFFAR, TRESAREIEEREEGIEE, 2 EHERHFLTLA X
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Abstract: Objective: To investigate the mechanism of Osmanthus fragrans ethanol extract (OFE) in ameliorating
dyslipidemia via modulation of gut microbiota dysbiosis and enhancement of reverse cholesterol transport (RCT) in

hyperlipidemic mice. Methods: Hyperlipidemic mice models were established by feeding a high-fat diet for 6 weeks, they
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were divided into five groups: normal control, model, OFE low-dose, OFE high-dose, and simvastatin groups. After 5

weeks of oral administration, body weight, fasting blood glucose, and liver index were measured. Serum lipid and oxidative

stress levels, key proteins levels in the RCT pathway were measured. Hepatic histopathological changes were observed by

HE staining, and gut microbiota diversity and compositional changes in feces were analyzed using 16S rRNA high-

throughput sequencing. Results: OFE could reduce liver index and blood glucose levels in model mice (P<0.01); decrease

serum levels of triglyceride (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) levels (P<0.05
or P<0.01 or P<0.001), while elevating high-density lipoprotein cholesterol (HDL-C) levels (P<0.01); reduce
malondialdehyde (MDA) levels (P<0.01) and enhance superoxide dismutase (SOD), catalase (CAT), and total antioxidant
capacity (T-AOC) levels (P<0.05, P<0.01, or P<0.001). Additionally, OFE ameliorated hepatic steatosis, suppressed
inflammation, and mitigated cellular damage. It upregulated serum levels of ATP-binding cassette transporter A1 (ABCA1)

and apolipoprotein Al (ApoA- 1) (P<0.001) and modulated gut microbiota diversity while reducing the Firmicutes to

Bacteroidota (F/B) ratio (P<0.05). Conclusion: OFE exhibited potential therapeutic effects in hyperlipidemic mice by

attenuating lipid accumulation and oxidative stress levels, as well as improving dyslipidemia, which might be associated

with its ability to enhance cholesterol reverse transport (RCT) and ameliorate gut microbiota dysbiosis.
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e EZGER AR FIA TR AT

BS110S #IE,F43r#7RKF  fE8[F Sartorius 2 Fl;
AdVantagePlus R Tl 32 Virtis 2> 7] ; R-144 7l
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ZHEARE BN T IREFRHA R A ] AllegraX-
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7 1% il & B AE £ B 32 BU ) ( Osmanthus fragrans
ethanol extract, OFE)!", HY 2 {43 50 g BEAE 43 5125 T
1000 mL [BIIE ki, £ A 600 mL 95% MY £ B,
90 °C JNFAMEIF AL 3 ho FHRHICY LA i fm
P AR CCUR b U, REE i Bess 78 RAUH, =
BV E N 40 °C, 80 r/min, R4 5 FH/b B ZRIB/KE A
W, IR TR, BIAS OFE, T B8535 K 32.0%+1.0%
(BEJE 30.03%, LIBEAEET) .
1.2.2 SR IMLAE /N BRUBI R ey | 432 e 252 72
S E KM /INER, AESCIS T AR Ainas PR R — i, B0
BEUR R 2543 °C, IBJE 50%=10%, A HRIK, BRI
B FEMLSEE 12 F/E R IR 4, 4kel FH 30 falpel i
e, Hoay 60 BN T = fe 1Ak (EE 1R e} 78.8%,
il 10%, FE K 10%, JHEEE 1%, JHEREN 0.2%),
HELEMEFE 6 JE T, FENLST MAEHIZH . OFE IG5 Hh 4 .
OFE & 7t 20 FI=F AR AT T BH-HE X R 2H, #5212 H,
ROk 5, A4/ NRARS S IR TR R SR, [RIR 4
RE S 4525, FEAE BN HAE 255 3 g Fn 9 ), Fali A
1R 70 kg, #RYE AT/ BRI BRI Z2 BORIHE
YA ARIHEAY Y OFE MR 4 (MO H /M= 244
B 1.5 £%) 45257 1 2 187 mg/kg, OFE /& 7 i 20 45
2yl 375 mg/kg, FEARARTT FHPEXT FEZH =% A
FIE IS /N BRI SERGH R 2.60 mg/kg, IEHZH
TR A3 10 mL/kg 45 TA=FHER 7K o D] s /)N
FRAY Hz BAMNIL . £7 R 36 Sh AR IR A, 45 7 d e 5%/
FRUAHER, Gt /BRI EE AR T3
1.2.3 ZSJEIMBENE ARG IIET—K, /INEUAE
BAEIK 12 h, R AN B BT EE, FRER
FET )5 FH— U ERAM A T3/ BRURS LR 7R, 5725 d
AT AL, 5565 07 110 0T e S MR AR, OB SRS I 2=
R UK
1.2.4 JFEFSEGTR.  SMEBLFRASE/ N, 1
AR BEER K 2 YRR A IR AU oK 5y, FREEFF
Fe=X (DA RIS S
JHF R J ()
1R (g)

1.2.5 AARFEPRR  RIRGZN I, /RS EAEEK
12 h, FRE, fEAREREUNL, 37 °C 7K% 1 h J5 3000 r/min
50 15 min, 4325 17E, —20 °C FEA 7. Fehg
i A 5 BT 7 B4 D 1, A8 A R S A /s BRUAL Y = Ay
TG. TC. LDL-C. HDL-C. ApoA- I . ABCAL, il
Bt S 2 W G BB TSR 5 o, #2e=(2) 1R sl Tk
¥ FERE Ab 35 %% (atherosclerosis index, AI), Il & Ifil
HEALNIHUKSE(SOD . MDA, CAT. T-AOC).
TC-HDL-C
A= —HpLc
1.2.6 FREEZHZUERGM B 4% 23R F
FrE e, IRUGEEAT K . AL DA TR ER Y
o e yeta, . 3R S EAE, SRR B 0

JF B8 $5(%) = x 100 A (D

A (2

SEHTIELH LA BRI A8 AL I A RE
1.2.7 WiEWERE S AR AATCRE AR I e
BRUBMEf (0 B T IO R AR D, AR S 5% 80 °C
PRAFARARG . $REIE R 4 . BEAIZH . OFE 7l Hh i 3%
{FREAR R RNA, 5 15T PCR P #FHH =
YpitA et | 52 S NS —ARIE R T SR, SO A
&% )5 A Tllumina NovaSeq 6000 #4710 )3, 155
R4 5t ] Trimmomatic v0.33 FA-xTH I pE . 3=
W SE L EH R s S TR E W 2R T
1.3 HiELE

AT EE 52 =¥k, fii FH TIBM SPSS Statistics
22.0 ZbEREHE, A S5 B E B FH A (B bR v 22 (x+
s)FaN, 224 18] Lb 3Rk FH BA.R 2K 5 22 9341 (one-way-
AVOVA), ZH[A W Ebas Rk FH /)N s 22 55 (LSD)
Ik AT 50T, P<0.05 /R 3 HE2E 5, P<0.01,
P<0.001 FRAMDEZES
2 BR5SH
21 NR—BIKRESEEEREAET L

TEH /N Bu . g WEER L EEIE R,
HARAS /N R Bt 22 EE, 16 sy b, IR, K2
BEAGLAIS . W&l 1 P, AR ) 1 5 2H A
I /N ERAE A R, AR IR N, 5 1E 414
Ll AU ZH /N B EE R R AP, FEE A 3 JE] fe A Az
AR B T T IE R 41 (P<0.05) .
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Fig.1 Changes in body weight of mice during modeling (n=12)
T HIEF A, #P<0.05.

2.2 HEEERIWIXSREMENAFE. FFIEEYK
FAERISZAT

W 1R, IR SR 11 Ji)5, ALY Y
PACER | PSR K. MUBEES TE B 4H 35 T (P<0.05 8%
P<0.01), WF5EF IR BT B AR SRAIAH OGS Sl B
W E R NEFEE 2 S EUPEE, FR o> | IR B 4l
M2 AN RERE A, DA H B MBI B O, 2%
SRR IR R nl BEiE TR E B U AR S T |
BEACIZRAL . 4h2h )5, ARRGRIE ) OFE REAEFFINS
N/ BB RIE 5 25 5L 5259 AR P, OFE vl 8 Al
SEARAMTTHIZERdET . SETRZAAR L, OFE {IG. w57
HEZH Y MU . 35 B (P<0.01), ~EfRAT T REASKEAR
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B )50 (n=12)
Effects of OFE on body weight, liver index and blood
sugar in hyperlipidemia mice (n=12)

Table 1

41 i (mgkg) WE(g)  FUEFEE(%) 1A (mmol/L)
EH4 — 51.90+4.64  3.54:0.20 6.16+0.54
AL — 59.96£6.05" 3.95+0.18"  7.69+0.52"

OFEf& 741 187 58.75+7.30  3.85£0.18  6.81+0.59”
OFE & 7l 4 375 59.14£8.99 3.57+0.17"  6.95+0.69"
AT 2.60 57.59+6.12  3.61£0.1" 7.28+0.62

e SIEHAIAE L, #P<0.05, ##P<0.01, ###P<0.001; 54557 20 AH L,
*P<0.05, **P<0.01, ***P<0.001, F22~F3F,

M E TG 2435 X . OFE 5. & R4l A1k At
VTR AR TR AN ZH AT T F R TE 5 255+ LA
L5 OFE RS H =5 A8 IR £ [ g I 1
SInAN AT B AS B R S AR ARk
2.3 R ZEHREWIN S S MAE /) B IMAS 7K A 220
SIE R HAH L, BORIZH ) HDL-C St B T
[% (P<0.001), TG. TC #ll LDL-C & & Fz AL ¥
RN (P<0.01 5% P<0.001). LDL S53hfksktEaE1k
T AH U 1145795905 %85 UIAH G, S AL TR 2% B g 2 1
(ox-LDL) 1] 555 4 i 9 1 Sz 7 A LA P Rz 4 it
i, T BE B NG T AZ O, e UE S0 ik oA AR A Ak 1) &2
Jrtis1el | g RO R S AR A /s BRGE AR ol H &2k
KRGS A 14 IS S 25 T e . 29 Ab 3 S, OFE
%, B R AR AT T4HAY HDL-C & B 3 71
55 (P<0.01 % P<0.001), TG. TC. LDL-C &1 & Al
43 A ) T2 B B A ( P<0.05 B P<0.01 =%, P<0.001),
OFE &iFIE 4 F i LDL-C MISCRIL Ty T4,
B OFE REMSAPE MG, I/ DR R B A, s R
(S RERE A XU, HL S5 Al o

2 FEAE CEEHRIYXT i R IAE /N BRI
IKFAE I (n=6)
Table 2 Effects of OFE on blood lipid level
of hyperlipidemia mice (n=6)

| TG TC LDL-C HDL-C Al
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
EHA 1.76+£0.05 3.41£0.40 0.38+0.05 2.20+0.66 0.53+0.29
UL 2.54+0.554.53+0.06™0.81+0.07"0.88+0.36"* 6.50+3.75"

OFEIGHIE 4 2.00+0.46" 4.13£0.30™ 0.70£0.09" 1.77+0.37"" 1.56£0.58™"
OFERFIE2 1.94+0.18" 4.02+0.16™ 0.57£0.06™ 1.90+0.51"" 1.40+£0.45™"
FEARATTHL 2.05+0.47" 3.89+0.31" 0.63£0.15™ 2.21+0.72"0.96+0.81""

2.4 L ZEHZEWINTE I IE /N FRUILE S AL RSBk
F I

WA R IR B &5 A U= A S AL U
RTINS 3 fioR, S5 IE R AR L, BLRZH A MDA
Fre AR RN T 3 5 LA (P<0.001), P LA LTS
#r SOD. CAT. T-AOC ¥ i EREAK(P<0.01 ¥, P<
0.001), ZRBH S AR IMAE /) BRAA P 19 S A Ao A2 f e A E
TR AT, SR A HE, OFE 1K, gl Atk

VT2 MDA & 54 i 2 B8 (P<0.01), SOD.
CAT. T-AOC 7K V¥ & % $2& 75 (P<0.05 5 P<0.01
% P<0.001), H.A i Fl&: OFE i CAT 7KFAI%%
R R, F2BH OFE REAZ AL AR /)N BRI 75 19 4
ALK, S m P A AR ] .

3 HAE L EEERE IR MRE /DN R 4 Tk
M- 50 (n=6 )
Table 3 Effect of OFE on serum oxidative stress level
of hyperlipidemia mice (n=6)

g5 MDA SOD CAT T-AOC
(nmol/mL) (U/mL) (U/mL) (mmol/L)

EHEA 2.57+0.18  23.02+0.50  15.80+2.80  0.81+0.013
HERIZH 10.53+1.82"  16.67+2.53% 3.98+0.91" (.45+0.08**
OFEfGHRIEA  7.06£0.29"  20.86+1.01°  6.55+1.50"  0.68+0.18"
OFEMFIEAL  7.03£0.21"  22.10+2.39° 9.22+2.91™ 0.74+0.027"
FRAMITH 577029 23.06+1.82°  6.80+1.78"  0.67+0.067"

2.5 BRI RS MAE/ N R AT BER IR RS 7S 2R
;DA
YIS A i 2 DR PRI 22 sl H i —BRid
PR, 25 MR AL, BETTAE AP 55T
TSRS AP I ZR A2 R A BEPE S RE S, 1755
LT HE Ge g RANE] 2 iR, IEH ZH/
SN IR HEF B S5, R WL D7 A8 4, JCSRAE 2
B ABERUZH RS AL R R, AP Am IS ZEL,
BN 2= R 53, [T X RAMIRIE . 5
HORZHAH L, OFE A%, msRl 2t /N BRERor F2i Ae A
NG WAL, AL T ARG R ZH /N FRAR, - ARfthy T
IR HEF RS, Wy b w2 R IRHES ], -2
Bl AR BRI, 3BT OFE REMGE TR 284, 41D
I GAE, IR AT o

2 HEAE BRI xt s i e /) BRUF A 24
ZouataibpEAl|
Fig.2 Effect of OFE on hepatic histopathological changes
in hyperlipidemia mice
TE: 100, A: 1EH2H; B: #5120 C: OFE {I7f it 4; D: OFE &
I B AT B EFT AR m IR AE M, 20O HT Sk
i 1) Jg R A R

2.6 FETEZERREUIXS SR8 MAE/ MR ILEF ApoA- |
F1 ABCA1 7KFHISZMm

ApoA- T & HDL 14 5 224 il &3 43, F1 ABCAL
JLEZ 5 A0 E R s L s T AR, Rl 3
7R, FIEF AL, BRIZH Y ApoA-T | ABCAL &
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B i 2 FAR (P<0.001), 254 T 15 AR5 19 OFE
ZH RN SEARABTT 2H 1Y ApoA- 1 . ABCA1 & & AH LA
I ZH K T 25 T e (P<0.001), 2B OFE fEil it 2
5 ApoA- T . ABCA1 7K PR 3 JIH [&] B (1) 336 1) %32,
AT 97 B A P9 53 8 LB B T, DR A2 4 Py 1AL 3] e
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Fig.3 Effects of OFE on serum ApoA- I and ABCA1 levels
in hyperlipidemia mice (n=6)
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Fig.4 Distribution diagram of operational taxonomic units

A1 OTU NECH: IEHR 4L 1109 4~(25.00% )5 F5IZ
1180 1~(26.61%); OFE =57 54 1588 1~(35.81%),
FUASLH Z R Y PRI L AR 22 5
2.7.2 JHIEWEBEFZREESPT RN T
BRI 3 B B R TS R LA WORE S P R 2R,
FfMaE R LT AR . AN SA BT, B TR
BESAN, FREtE th 2k ta 11722, FRBHII T IR BE 5 2157
BB, IR T AR AS S B S A I T Sk
Wz, TIN5 R R DA SE AR v o 2 E e, 1]
VU —2095017

Alpha 22 A £ Sz bR (9 S B8 A 5 Y EB B9 9
A =& B2 X Z %, A] /] Chaol. ACE. Shannon,
Simpson F8 KA . Chaol Fll ACE ¥5EUfii=Fh
F & R YR e 1) £2 70, Shannon. Simpson $5 %X
FH T s Rl 260, 2R 5] B s nm, RPZEAHR]
YRR BERTEOL T, IS RN ECR S A AR 510
eI B MO AR E, F8 BB, UEBHAE S )
FhEE MR . S5 IER 4 AH b, BIRIZH
Shannon F Simpson & ZH 2 3 KA (P<0.01 Tk P<
0.001), BLBH SR IMAE /)N ERBAHE A 2 ek AR W 2
PP AR, AH B BB 20, OFE 15 57 3 20 Shannon £l
Simpson #5844 3% T (P<0.05 B, P<0.001), i%4%
ZZH] OFE Gt — &R _LIKE SR &S | R
HEZ MRS, 4F4H 2 [E] Chaol F1 ACE $8447C4t
TR, W E R R A AR,

Beta ZZAEPE4HT T LU B [RIRE ShEE M b 224
P AR Y 22 5 RN, TSR Z2 R8s, an 3= sy
43 BT (principal component analysis, PCA) AJ D Jz il
FEAS Y 22 S AN 25, IR B ARAT, FROAE il 22 18] B 2H
HRAHML, ME] SF I AT LA Y, 1B A 2 - SR /N R
78 BB 00T, BB S IR IR &S S0 = IR
AE /IS B Az 18 PR 2 0 5 1E 8 20 2 TR) A7 Sl 28 25
5o 4T OFE J&, /NP - R A28 4k, 5158
ZH B 4325, 2] OFE REME I/ SR IR BT A5, B
AR N MUE /D BRI E R Y B 2k o
2.7.3 JEEHEFAEE FET OTU J0Hrss
XTRE SR 7432855507, A9 218K T i Rh o
TAERRE . TR _ LI RS 45 UniE 6A
FI7N, 25 LA X 35 5 HE 44 1 0% TR AR Sl TR RE A 1)
(Firmicutes) . #{#T 4 ] ( Bacteroidota) . ZEHZ B ]
(Proteobacteria) . ilZE | ] (Actinobacteriota) . A
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