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1 #MR5FE
1.1 R ORAFI RN R &E

e K £ 4 B PG 2R A AR AT R A

SIH [E B (TC) | H il =8 (TG) A% s 4
PR [T W2 (LDL~C) , 7 5t B A 9 T R T 5 B A4
R W] BCA vk I 0 &, i = KAk
Py RHEAT BR2A W5 IR 228 (LPS) b 98 IR AL A 5 —ar
(TNF-a), B A0 AR A PR 7] 4% 2 %
e, b st MR AE W ROARAT FR S /) IR R R - e
e, )M EAR W R R A FR S B DNA it
Mg, ZHE OMEGA /22 Al ; AxyPrepDNA & i 11 1
WA &, 2 Axygen A F]; VAHTSTM DNA #fifk
TEBR | P A PHE R A 5 3 A7 BR 23 ] 5 Quant—
iT PicoGreen dsDNA Assay Kit, 3% [E Thermo
Fisher /A #]

EnSpire 2300 £ Y fig f§ #11X , 3% E Perkin
Elmer 2 7] ; Eppendorf 5430R I 12 7R 2.0 AL, 1
Eppendorf /A Al ;Quantum GX2 microCT, 35
Perkin Elmer 22 7] ;OLYMPUS DP74 R4, H A
Olympus Corporation 2 F] ;NanoDrop NC-2000 43
R, € Thermo Scientific 2y 7] ; Quanti-
Fluor™-ST ¥ (495 5 45, 1 Promega 24
] 5 e AR € 3 — R IBK T (UPLC-MS/MS) &
4, & E Waters A 1
1.2 ZhHYRWiEIt

30 H 6 JE ik SPF 9% (JoHE e dim It ) bk
C57BL/6J /B, b 4t i F 48 52 55 S W B R A R
2] SR B A PV IR S :SCXK (B) 2016
0006, 77 T [ ZML B AN 05 ik 4 Jm Bk 2 0F 5 B
SPF Zsh¥ b, A w1 & oK HXHE S 55%-~
60% , it K 23~25 °C, 12 h G BRI G 2285, ) 1
JAJG /N B BRAA T o 53 Sl o B (IR e et
CON) =5 R TR B 41 (& BE 1) Bt HFD ) VRS K i &
LU (R AR AR, BDF) , 241 10 1, (AR I
*1,

i JE B /N BUAR BCRDF IR 14 4
Jei /0N R A7 AR 3ok IBC it 5 st 550 4 B WS I | B 52
RS a% B LU I N A . SCE S5 Rl 1d
W A 2H /N B, T 2SR T WA 1 v Wi
HJ5 R H 4 °C,3 000 r/min B0 15 min, B4 1 7
T =20 COAAA M T IS8 AR A I, &5 N AW

&1 K58 HARE RN RE LE 6]
Table 1 The composition and energy proportion

of experimental diet

P CON HFD BDF
B Ay 200 200 200
FAElg 350 68.8 68.8
= KR Br/g 315 0 0
* % Wt lg 35 125 125
% F g 50 50 50
Ko K MG LF Y g 0 0 50
X /g 25 25 25
¥ i /g 20 245 245
% & S10026/g 10 10 10
B A 45 lg 13 13 13
BB 45 g 55 55 55
A7 A BR 4P g 16.5 16.5 16.5
B T BRI AR g 2 2 2
% % V10001/g 10 10 10
e B BR [g 3 3 3
EFlg 1055 773.8 823.8
XA Z/k] 1.7x10*  1.7x10* 1.7x10*
B AL B AR % 70 20 20
o B4% 20 20 20
7 15 A 88.1% 10 60 60

T —80 CUHAE, T 16S rRNA o2& 9yl A v
AR A A

B S G 25 [ S B R B Al A R RS A Y
B S 56 sl W A R A BE 25 51 Stk e, bR R
202210-1-FW
1.3 BERHHNE

SLEEEHAET 1 d, BAR3 H, INERA
Quantum GX2 microCT MAR & 48 4544 B8 Wi 70 A |
D72 Bz T R W7 R & A 17 Rk £ B 1 AR
1.4 BYREEFNFTZRERF AN FENE

JHF I R 552 i s 28 2R 4% 22 58 WA 1 7
20555 WK S5 wm VIR, F IR R RS AT
21 (H&E) Gt 5, U0 R b g i A rprdE s g, FHF 0
2 B I 2L B AE Tissue-Tek OCT tb&9)
W TR RIS R, VI 10 wm &, KT, 2R
DR E , PR ALK K E LD O Je
30min, VPRI, HTWE, Fra a4 F 81
OLYMPUS DP74 %5 N ULEEIF4ARE
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2025 4E5 1 1)

1.5 1% A8 X i 4 L 5 ARt il

FH A= 3700 0 D0 5 /0N BRI 3 A I A
il =G AR R A E A R

FH ELISA 3550 & e 1 7% b i Bg 288 . e
W F—a W
1.6 BFERFESEENEMSH

T 6 HU/NRFEAS  fii H] DNA X7 & 42
W5 AW b 48 16 & DNA, 2k ] NanoDrop
NC-2000 43 66 B T A 1% 350 W 358 158 L vk i
DNA ¥ 2 F B 2

K FHIE 17 51 ¥ 338F (5'~ACTCCTACGGGAG
GCAGCAG -3") M ] 51 ¥ 806R (5 -GGAC
TACHVGGGTWTCTAAT-3") %F 40 16S rRNA 3
I V3-V4 XIRiEFT PCR 734 . PCR =¥k H 2%
U5 JE W BB J FEL UK R i FH AxyPrepDNA #E B2 [1]
W & ) e L PCR 7= %, 3% Qubit 4.0 Xf
(L7 Wy A7 A o B, 2 B UK ) A0 B 2R
# PCR =% H QuantiFluor™-ST % {8 5¢ Y6 1 5 &
GEAEATR I E & 2 5 e IR AR I iR
HEATHH L L AR A

fii H1 NEXTFLEX Rapid DNA-Seq Kit X} 4fi
b5 PCR /=¥y it 41 22 & , # ] Mlumina PE300 -
BHATIFE . i/ UPARSE v7.1 84, iR 5 97%
AEABLEE X o1 42 DF 452 J5 19 7 91 i AT 84 43 25 B T
OTU (Operational taxonomic unit)RJE53Hr,
1.7 BAERE BRI E

THEH 6 D45 N AEYREA  BGE =T 1.5
mL B0, A 25 wL K FIE LB BR3¢ 3
min J& , A PARYI A 120 L B B2 AR i 47
PR A1 3 min, 18 000xg 250> 20 min, B 5
20 w5 F 2 96 LAk, JA 20 pL fiTAE 71,30 C
ZAE T A4 60 min, A 330 wL, 50% (1) F P
Wi BEAE AL, TE-20 CE&F FIRAF 20 min, 4 CH&AF
T, L 4 000xg B0 30 min B, #F 135 wl b
HWIA 96 fLAR P HfL 10 wL WAR , T .

K H A 2 RO 235 - R R BTl (UPLC-MS/
MS) & 4t (3 H Waters /A Al ) % 1 43 M AL i =49 0
TR & 5, WA 35 25 . 3% A . ACQUITY U-
PLC BEH CI8 1.7 wm 43 #7 # (2.1 mm x100
mm) ; A 40 C; W3 AH :A:0.1% P R ,B: i
IPA=70:30; Y BB BE :0~1 min (5%B),1~11 min

(5%~78% B),11~13.5 min (78%~95% B),13.5~
14 min (95%~100% B),14~16 min (100% B),
16~16.1 min  (100%~5% B),16.1~18 min (5%
B); i :0.40 mL/min; R 5.0 pL, FRIE(LS
. B4 1.5 (ESI+)Kv,2.0 (ESI-)Kv; J5 i
JE 150 °C ; fiff 5 i il B2 2 550 °C 5 fiff W A<M I
1 000 L/Hr,

JIB 3 2 B 5% ] IMAP F & 3547 483 40 7
A1) H TR AR LA P < 0.05 BAE M H A 4
eEER,

1.8 HIEHH

ST B R FH SPSS Statistic 22 #E4T BN &
J7 2245701, >k H LSD #H AT HF K 4, P < 0.05 &R
BAG #2255 B4R GraphPad Prism 8 22
LA F DL OF P (H+BRIE2E (Mean+SD ) "R

2 HR55W
21 RXBREAHENNMNRERENEBERENZM
NG AR R EA 2Z5FELT (B
la,P>0.05),113% 14 JJ5 , = B8k & 4/ BUAR i
IR T IR SR K A A TS AR
TR, R K R £ A A R R A T
e PR T IRk 4H (F 1b A 1e,P< 0.01),
SRR ETHMNEER TR EZR (K
1d,P>0.05) , & BHE K G £ 27 2 T 350 0] A+
T, il e kB S R A AR T
2.2 REkKBEARFHET/NRBHAR S RN
ARG 43 R T /0N BRUFF I L B 52 R AN iR
S H AR AR T A A s L . H&E Yetagh Rk
W, e B R B /DN B U R A 52 28 S D7 400 i 4
RS R A B ] HE 5] 2% L, HR 30 K 14 B I 25 90, 42
B NE LR 4T 15 |, A 107 240 B AR FRAE /N 43 A 45
S 23t R 05 23 6 55 i s /b 20 M ] HE 51 R % (]
2a), TZL O Yt 25 R — 0 3R W] R K G 2 41 4
THEEAL T IR K EHSFHOFIEEN L (B
2b) ., PRIRE I A AR AR 45 H R B, = AR R 4L/
FURH LG T % BN RAR N A TE Z IR TR R B2
T BB 07 R R 1 AR R S T R OK R £ £ 4
TG, A8 AR B BT R SR B 2 R (B
2e~2f),
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25 = 22 L
20.0=CoN TFD BDF CON HFD BDF CON HFD BDF CON HFD BDF
(a) W] Lh P45 1 (b) KR (e ) MR it 185 Jon 4t ()
E1 fAkEEFENINRERENERENE N
Fig.1 Effects of BDF on body weight and food intake of mice
o
g
CON HFD BDF (b)AFRENNZT O %5 (200%)
(a) FFBEFIB 22 H&E %4 (5 (100% )
. 15000 . 5000F  P=0.006 . 150
E £ 4000 =
< E K E < & F
EEE 10000 o §3000 E‘g gloo ‘
| = 2000 =2 "
g o g = Joool T i £ 30 IT‘
: ol B
CON HFD BDF CON HFD BDF CON HFD BDF
(d)J2 T e R AR (e) ME HBAE i AR (F) s 5 g 15 1A R

()CT 43 1
TE I o B BT AR, 2
B2 HERBERSEI/NRIER S %820
Fig.2 Effect of BDF on fat distribution in mice

2.3 REKBER 4T/ M AR R A X 1B 4R
SEAG)

L5 K I &5 6 WA | 50t BEZH AT e W MR Tk
/0N BRI A R T = R IR R R
P RE [ P 1) % 2 T (1] 3a T 3¢, P < 0.05),
R K TR B 27 2 T W5, R R I 2 3 A 2 1
ORI 2 ) o LB S A, I R
R (K 3a Fll 3¢, P=0.002), JIE 540 8 2 7= 2k
TR A F R EZ I, N85 1 R AE K F 2
PRV RAE S &2 B hdy AR AR5 I3 2 46
TR 25 R, i MR R 4L T i 20 AR R i R
IFE A F —o 75 2 35 T X0 B (18] 3dF 3e,
P<0.05), ZRKBEELTYET G, MRIKIERN

@ BRI, 40 @ RR @R

F—a A ZHEK A B ESE Hpig 2
EREAR(P=0.033),

24 RXERAHN/NRBERFNIN
241 W REZAEIER B AL SR iRdAH

P, RS OK R & 2 4 4L/ B 38 R RE Y Ace A
Chaol #5 % . 3 7t (I 4a f1 4b,P < 0.05), & W]
BEKE A4 Ton ER e T hEEEN e
FE ., FEAHR5HT (Principal co—ordinates analysis,
PCoA) #5HFK W, PC1 Al PC2 (1) 53 ik 2R 43 )
54.75%F1 14.55% , f= Mg 21 /) B 3 17 R 5 % iR
PO L IX A3 B A £ 2 4k 2 1630 T 0 B T
R 5E A X 5 (B 4e)
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) P=0.002 35 o
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= 45 . = 20k P=0.012 -
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30F = w2 Sk
el
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(a) I3 TC & it (b) I3 TG & & () I3 LDL-C &4
P=0.06
600
20 - P=0.033 . Pe D12
53 5~
18 - - i »é 500 b
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= 16 | o =
'S 2 3 400 |
R = 14 K5
= 2 %—1 z 300 |-
— 12 k " =& ®
10 1 | 1 2090 1 1 1
CON HFD BDF CON HFD BDF
(d) I3 LPS & (e) I3 TNF—a 5 12
B3 RXERFET/NRERREHNEME
Fig.3 Effect of BDF on lipid metabolism in mice
PCoA on OTU level
0. 4 R?*=0.4240, P=0.001000 @con
. @HFD
400 400 — ocor
P =0.006 P=0.014 02
300 = L 300
w
4 S E= ) = —~
200 = rﬁ-ﬂ_ — — 200f= | © == 3 TQROE frreneenie
§ 5 L ] ® ] E
= = = = 2 D = a -
100 - “ 100 $
0.2
d 1 1 1 0 1 1 1
CON HFD  BDF CON HFD  BDF
B S
(a)ACE #5%k (b)Chao 1 8% -0.5-0.4-03-02-0.1 0.0 0.1 0.2 0.3 0.4 0.5
PC1(54.75%)
s 1/, 2 LR
H4 sKEASENHERESRENTN (c)p ZHEAEIIHT
Fig.4 The effect of BDF on gut microbiota diversity
242 [HIBE AR AL A 2= SRR AR AL TTK 5 (1 56), BRI, . 50 AL AR 1L, & R Ik

b S [ Ak BEZH 22 1) B R o LR R AN TR (&
5a), HARR IR . 55 BAL LU E, R Tk & 2 Bl
FF 2 '] (Bacteroidota ) #H X} =F & i 25 FE AR (18 Sc,
P <0.01), J& B B [T RUAT B 177 (F/B) 3% T &
(Kl 5d,P<0.01), 6] (Desulfobacterota ) #H X}
F TR (B Se,P=0.001) B OKBE 27 48T
PiE , BN T R AE AL W AR TR
BT TARX 2 B2 (] Sh~5e,P < 0.05)
JE K- b, A% 2 g 3 TR AR RS 5 B 2 R R

B RECEFT R R A B E AL (B 5g,P<
0.01) , 11 & WA S B FLERAT 1 (Lactobacillus)
ER A (Enterococcus ) 1k BR ] (Streptococcus ) #H X%
FRETH i (] 5i~51,P < 0.05), KRG ELF4Eik &
TG, FEFT 1 AR IR ZE AT 4 (Clostridium_sen-
su_stricto_1 ) B BEAR XS 3 B 2 F+ 55 (8] 5g Fl Sh,

P <0.05), 1 % WA 2R FLER AT IR o BR R R
ERTA 09 B A 2 82 I 35 R (P < 0.05)
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E g 100 Z e
= i
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= CON HFD BDF CON HFD BDF
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Fig.5 Effects of BDF on microbial communities of mice

2.5 HEKBER 4T A 1 B ER X i BY BN

Jo i AT TR AR A AT e SR B, S AN
AR = Wy AR T R A7 A S K i 3 1 25 5 (] 6a) .
FLRFH Ny . 50 BALAA L, 5 i 21 FORE K T B 21
Y2l SRR | R R R RN 25 G TR R 1
N (P <0.05), SR 5 = BE 24 8 B oK g
L YEABE NN T 12a-0H FlHE 12a-0H R K
F(P<0.05), MK T 12a-0H 53k 12a-0H i1
TR H ) LA AR (CA) 538 25 EUIRER (CDCA) 1Y
9] (FE 6d, P < 0.05) , & B RE K i £ £F 4 4= 2%
4 12a-OH AHIH R G AR B A T = D6

XFRTA 3B 12a-0H TR 1 43 Br 45 S 2 8
KK REE AT R, IE 120-0H 454 BRI R
R G L EIHER (THDCA) . 4+ R3S 25 S iR
(TCDCA) , H 2 3% 2 E IR (GHDCA) . H & £1 1
2 (GLCA) A14E 12a-OH R G IH 1R H B-AE 24
JH/2 (B-UDCA) #1 %% % % IH 8 (HDCA) | 1 IH iR
(LCA) . 5 41 IH & (isoLCA ) F1 5 51 47 IH & (isoal-
loLCA ) K P35 T+ (B 6e,P < 0.05),

3 g
TR R LA 2 Y h BRI, XA

JHE S RS B MR o 3, DA L AN S S R A
A W A ke RO WSS SRR W] R K B £ 4
ORI B KT =g g a7t QIR R £ TR =ei b IR
ML HAh =K, X —4R S B e
YR — U, b RE R B 2F M U 22
fift 1 MR RS 5 B4/ BRURF IR s PR BRSOk R
TS, R B S 0 15 2H 24 5 g 10y 4 s R
G X LEGE R — 2P R WIRE K £ £ 4E X T i i
YRS R AR B BRI A 3K LR A T AL 0
fEHL.

TR IR TR B B BRI EE, S EUIE
PA W IRE AR Z2 W8 B 3, 5 DR AR 18 1k R4
F 28 3 UL R RAR TR 1 i 105 J 55 R SR
(LS, 0 77 200 i P 7 A X 8 440 i IR 1 1)
LI, BRI 53 UA S AE N A A R AR S A
B PR (R il A IEFE I, b FE R R 2T 4 vl
AR 1k G Sk R PR T, o A A 2 2 R
PG TAEAT I, A BURE K £ 27 2 vl [ 11K
1 i PR 15 S A LA R i 22 R i R IR AR I T -
KPR, KSR K I 2T A0 T 2 i v iR K
B A A8 PR JAE FIRE B A 1A

K 22 A BIEFE T, il R A A T AE
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Fig.6 The effect of BDF on bile acid metabolite
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Brown Rice Dietary Fiber Regulates Lipid Metabolism Disorders in High—-Fat Diet Mice through
Intestinal Flora and Bile Acid
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Abstract
Methods: Thirty C57BL/6) male mice were selected and randomly divided into control group, high—fat diet group and

Objective: To investigate the effects of brown rice dietary fiber on lipid metabolism in high—fat diet mice.

brown rice dietary fiber group according to body weight, with 10 mice in each group. Body weight was measured and
food intake was recorded weekly. At 14 weeks, body fat distribution, blood lipid metabolism related indicators of mice
were measured, adipose histological changes in liver and epididymis were observed, and colon contents were collected
for intestinal flora and bile acids metabolomics analysis. Results: Brown rice dietary fiber reduced the body weight and
inhibited the increase in body weight of high—fat diet mice (P<0.05); the levels of triglycerides and lipopolysaccharides
in the blood of mice were significantly reduced (P<0.05). In addition, body fat percentage, epididymal adipocyte size,
liver fat volume and vacuole number were all reduced in mice. The results of intestinal flora analysis showed that brown
(P<0.05). At the phy-
lum level, brown rice dietary fiber increased the relative abundance of Bacteroidota, and decreased Desulfobacterota

(F/B)

promoted the relative abundance of the beneficial bacterium Faecalibaculum and reduced the relative abundance of Rom-

rice dietary fiber intervention increased intestinal Ace and Chaol indices in high—fat diet mice

abundance and the ratio of Firmicutes to Bacteroidota (P<0.05). At the genus level, brown rice dietary fiber
boutsia, Lactobacillus, Enterococcus, and Streptococcus (P <0.05). Bile acid metabolomics results showed that brown rice
dietary fiber increased overall bile acids levels and decreased the ratio of 1200-OH to non—12a—OH bile acids (P <
0.05). The levels of non—12a—OH bile acids such as taurine chenodeoxycholic acid, lithocholic acid, hyodeoxycholic
acid, and B-ursodeoxycholic acid were significantly elevated (P <0.05). Conclusion: Brown rice dietary fiber can effec-
tively improve high—fat diet-induced lipid metabolism disorders by regulating the intestinal flora and non-12a—-OH bile
acids levels in mice.
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