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Abstract: The proportions of fat and carbohydrate in diet have an important impact on lipid metabolism,
glucose metabolism and health. On the premise of consistent dietary available energy (metabolic energy), the
effects of different fat and carbohydrates energy supply ratios in diet on fat metabolism and gut microbiota
were studied. Sixty-four 9-weeks-old SPF grade male SD rats aged 9 weeks were randomly divided into 4
groups including: HFf group (energy supply ratio of fat to carbohydrate (F/C) 40% : 45%), MFf group (F/C
31% : 54%), LFf group (F/C 21% : 64%) and CON group (control diet). The results showed that there were
no significant differences in body weight, blood glucose, blood lipid and liver steatosis among all groups (P
> 0.05). The liver triglyceride and abdominal adiponectin of HFf group were significantly higher than those
of the other three groups (P < 0.05). Compared to the CON group, the acetyl-CoA carboxylase (ACC) gene
expression in the liver of HFf group decreased, while the expressions of lipid synthesis genes, fatty acid
transporter (FAT/CD36), sterol regulatory element binding protein (SREBP1), and adipocyte differentiation
gene peroxisome proliferator-activated receptor (PPARY) increased in HFf group (P < 0.05). Compared with
CON group, the cholesterol synthesis factor hydroxymethylglutarate monoacyl CoA (HMG-CoA) gene
expression in the liver of HFf, MFf and LFf groups were all increased (P < 0.05). In addition, the higher
dietary F/C (40% : 45% and 30% : 55%) resulted in impaired gut villi development, which led to decreasing
abundance of beneficial bacteria but increasing abundance of potentially pathogenic bacteria. In conclusion,
under the same dietary available energy, although the diet of the high-fat group contained a high proportion
of fat, it also contained a high content of cellulose, which effectively alleviated the weight gain and blood
glucose and lipid abnormalities caused by the high-fat diet. However, there were still symptoms such as
increased liver fat and impaired intestinal health, and the F/C in the diet of rats should not exceed 30%. This
provides a theoretical reference for the appropriate proportion of macronutrients in the diet.
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HUFFEGE, eSS 5 B A AT R ]
FEBEG TR AERT F B A G, XSl o5
U i 3 TR A U, s R R, X —
KA AE At 2o Bt 25 VA i AE Al it i AU AT AL
o T T2 A ) 2L R AN T il 5 0K £ B DA G SR T
A ORARE T g 17 A K AL B W L i T A
VUG RE SE i T . R, AWESE B TE LU
TAHEE (RHE ) —BariE ~, Rk Edh
AN T A 17 A K Ak G Ak e bk K B 107 A 358
J B TERE RS, DU ARG £ v 3 i o
BRAEM RS,

1 MBEFZE

1.1 R

JEEREH 3l =8 (TG ) A7) £ A B AR [
(TC) #rall & st @ i E Y TR
RNA $EHU st il & =4 (KE) A
BT SCRFSEOtE R PCR FI & ABI A
(FH) .

Synergy™ HT fift51%: Biotek A H], FEHE;
Centrifuge-5810R 7 =y V3 R B o AL . A% R I
1. Eppendorf A H], fEE; ¥ KA HTIL:
Roche A ], it 5 4 H 31 AT =L Parr6300,
FH; PEE R PCR Y ABI7500, EHE; £H
BN 255 . BIO-RAD A+, EH,

1.2 RIEiEt

IR R 64 H 8 Ji S T4 2 AR specified
pathogen free, SPF ) &Mt SD K EL (1 B I 5t 4E
WAL SRR ABRAE] ), KT (325.69+
245) go B 7dEEHE, K OREFEHLI K 4
4, B 8AELE, HAEE 2 K, WA h
HFf 41 (=i 2R 4edl; BRI 5ok ba P itng
[t (F/C) 4 40% :45%) . MFf 41 ( Hifirh £F 4
45 FIC N 31%:54% ) . LFf 41 (fIRIMARET 44l ;
F/C M 21% : 64% ) F1 CON 41 ( XJ Ak ) . K
BRFARE PR P R I JEIRDRL R R A BR A wI AR AL, 4
HFE YR BTREMK B AIN-93G b RHEC 7
wit, Sailmmaaine (FREe) —2, il
BT R S E FRAKE IR 1,

F1 AREARREFRKE (RTERM)
Tablel Ingredientsand nutrient composition of the
experimental diets (as-fed basis)?

A HFf MFf LFf CON
JERH (g/ke)
S ST 51 193 323 455
i 8 200 200 200 200
K 205 150 100 50
iR 100 100 100 100
bk 132 132 132 132
oo 2% 262 175 94 13
Y FHORAL 10 10 10 10
TP T B R 35 35 35 35
L-E 2R 3 3 3 3
FAE AR b 2.5 25 2.5 2.5
A1t 1000 1000 1000 1000
JBE/(keal/g) 4.88  4.69 4.41 4.12
THALBE/(keal/g) 3.83  3.93 3.99 3.99
R e/ (keal/g) 3.78  3.89 3.94 3.93
HLZE 1/(2/100 g) 20.28 18.40 19.36 18.96
LW /(g/100 g) 19.88  15.95 11.33 5.78
KL EW/(e/100 g) 33.06 46.30 54.80 68.53
HLLF4E/(2/100 @) 23.76 1631 11.40 3.55
K43 /(g/100 g) 3.02  3.04 3.12 3.18

TE: HFF 3875 sl e 2R 44l s MRy S ok b & ahae b
40% : 45%. MFf s Pl er e sl ; el 5 eok e G Htae Lt
9 31% : 54%. LFf R NARIRET 4edl s N5 80K /b & Pt
RELLA 21% : 64%., CON RRAX KT

IR IR KT 1 S ST

SO A RIUR A T Sl AR AR HE VA 4 000 TU. VD 1000
IU, VE751IU, VK09 mg, VB,5mg. VB, 6 mg. VB;30 mg.
VBs 15 mg. VB¢ 6 mg. JHH# 1 000 mg . MR 2 mg. AP 0.2 mg.
VB, 0.025 mg, & ¥ BHIRE N & T SR 4L Ca 5 000 mg,
P3000mg. K3600mg, Nal039mg. Mg513 mg. Fe 45 mg.
Zn38mg. Mn 10 mg, Cu6mg., 10.2mg, Cr1 mg. S 300 mg.
Cl 1631 mg,

Note: 'HFf, high fat and fiber diet, Fat : Carbohydrate 40% :
45%; MFf, medium fat and fiber diet, Fat: Carbohydrate 31% : 54%;
LFf, low fat and fiber diet, Fat : Carbohydrate 21% : 64%; CON,
control diet.

’The nutrition compositions of the diets were determined
values.

*The vitamin premix provided the following per Kg of the
diet: VA 4 000 IU, VD 1 000 IU, VE 75 IU, VK 0.9 mg, VB, 5 mg,
VB, 6 mg, VB; 30 mg, VBs 15 mg, VB¢ 6mg, choline 1 000 mg,
folic acid 2 mg, biotin 0.2 mg, VB12 0.025 mg. The mineral premix
provided the following per Kg of the diet: Ca 5 000 mg, P 3 000 mg,
K 3 600 mg, Na 1 039 mg, Mg 513 mg, Fe 45 mg, Zn 38 mg, Mn
10 mg, Cu 6 mg, 1 0.2 mg, Cr 1 mg, S 300 mg, C1 1 631 mg.

1.3 ZhWiAHFEE
KEIRFRT SPF L5 s (EZREENY)
At R B AF S Be, dUED ) RO A7 % KUE 2
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( Individual Ventilated Cage, IVC ) 1, Tal iR
(23+2) °C, MXWEETE 50%A 47, 12012006
HHAEER o KL A R RIRoK o AR g6
FE A A AR AT RE o B I 45 4R BRI 2R B A
HACRE R, KR 9 .
1.4 RIEFHE
1.4.1  fEtE O8I D E

RHRE TR A 8 ARy SD KRB, M4 H
IR A M, SyENE HEf 4. MFf 40, LFf 410
CON ZHiR5 HAR, B4l 8 MEE, HAEE 1 Ak
Blo BERRRL R, ME=IRE (2242) °C,
FHXHB AL 50%, 12 h fE¥ H RO, 40l 7d,
HpsEpi 3 d, Eik 4 do ERIMIEK 08:00
1 20:00 WdE 2 RERAERRIE . AEUCER 192548 |
M 0.5 mol/L MBRAR , Bij 1k & R Ak & W 43 S 4%
%, M6 65 °CF T4 48 h, HFEIEA S T—20 °C
HH o WAERIRFEF A 2 mL 0.1 mol/L H ¥
W, IR HAEAAAE 4 CRIVKAR . kLA RE . 1
IS PR B A ZE RE R AU BV, fRDR Y
fRHRE (ME) =[faklERE- (ZEREHIRAE ) VR B
o M5 EARYE GB/T 6433—2006 ( falk
FELRE I A0 ) ARl s , ALK 43 B AR Y GB/T
6438—2007 { fRFHORLUK 43 B9 2 ) ARiEIE
L H S AR GB/T 6432—2018 (Rl ik
FEMDE SUCEZIL ) bRl e , MRS & &=
I GB/T 6433—2006 (falktHLIg i 590 5E )
FRUAEIE , K& 4% GB/T 6435—2014 (fakl
HK A3 I ) T il .
1.4.2 LG ML LR R4

T RE AR AR & SR, A
KREESE 12 h JEFcE, RS ik= BE0E,
ODIERUL . FIREE 4h, fFENH)E, 4 CF
3 000 r/min B5.0> 10 min, 7385 ML , % 7F T—20 °C
R, SRAEIMAESS , MK (NEFRIATTTHY
KEE) |, B RRENE. B BAE. R
MEERRRN, MREFITAI B HRARERR
R AR, JHRAET-80 CURFFFI,
1.4.3  JEWACHHE FRAs

K A H 3 A Ak 23 A ORI 1l v H S H Il =
fi ( triglyceride, TG ) . Z\JJH [ ( total cholesterol,

TC) . =% FE NG & M HE B ( high density lipoprotein
cholesterol, HDLC ) . K% & i 25 H AH [& 5 ( low
density lipoprotein cholesterol, LDLC ) . % %]
( Glucose, GLU ) F1JRZ % (urea nitrogen, UN )
1 . RN SR AL T B, T AR O
B, RIHBER G E FFE R TG F1 TC 5 &,
fE N & (leptin, LEP ) FIJI§EXZE (adiponectin,
ADT)
1.4.4  HFREAR W AR AR OGN T mRNA ik i

H RNA $#2HUAH & ( TAKALA ) $& BUHE
RNA, JHIE RNA ¥EE, Jf#i TAKALA 18575 &
YL S 5 cDNA A7 T°-20 “C# . R4
NCBI | 3R43 1 HE R P 905519, 519 )5 51 an 3k
2. PtrE R PCR K ABI A H ) SYBR Green
PO RGRREIRXH &, KA ABI 7500 #£47 PCR
SR o SRS 5 F PCR SR 45443 31 : 95 °C
10 min, 95 °C 15s. 60 °C 1 min & 40 MEIF;
95 °C 15s.60 °C 1min, 95 °C 30s.60 °C 15s,
PCR [ Wi % H: ¢cDNA 2 uL. Mix 10 pL, R3]
YiFnJE o145 0.8 L, JuK 2 SRR 20 pLo LA
SIEBEIR H MBI Z % ( glyceraldehyde-phosphate
dehydrogenase, GAPDH ) &ik& hZth, HIWHE
DR 3k L 272 R0,

* 2 =B PCR3|#F5I
Table2 Real-time PCR primer sequences
519 B IHE R

I
SR S Bt RK/INbp

F 5’-GGTTGTCTCCTGCGACTTCA-3’
GAPDH R 5’>-TGGTCCAGGGTTTCTTACTCC-3’ 183

PPAR F 5’-TGTGGACCTCTCTGTGATGG-3’ 118
7 R5-AGCTCTTGTGAACGGGATGT-3’

. F 5°- ATCTACAATGCCAGCCTCCA-3’ 1
3¢ R 5°- GCCTTCTCCAAAGTCCACAG-3’

CD36 F 5’- CCAGAACCCAGACAACCACT-3’ 106
R 5’- CACAGGCTTTCCTTCTTTGC-3’

ACC F 5’- GTGGAAGTGGAAGGCACAGT-3’ 109
R 5’- CTATCACAGAGCGGACACCA-3’

F 5’- GCACAGCAACCAGAAACTCA-3’
SREBP1 R 5’- TCATGCCCTCCATAGACACA-3’ 128

F 5°- GTGATGACATTGCCTGGATG-3’
PEPCK R 5’- TTAATGGCGTTCGGATTTGT-3’ 121

1.4.5  JHIE Iz 38 2H 23 24460
U R 26 0358 43 4 SUR [P B A S 1 em,  [5]5E

145



E31% 20231F FES5HA
BT 30 BEEH

o OffFEE
?ﬁ IRDBETHE RETT
s o TECHOLDAY oF CEREALS 08 A0 FOGRE RERRIEASEARNE

F 10%48 /8 AkH 24 h, 1 PE T A AL L )
PN TS AP N s A UL 31171 K e
o R TR
1.4.6 & WlpiE EEE R R

SR FH 4 ME R A= BB A IR W] Y v 3 Y
FARX G W BB Y X RIAT 00, EEALEE
DNA #2HL. 16S rDNA PCR #"# . 4" 5411 )5 11
FEH B ab B SR Shannon 8%, Simpson
F6 % . Chaol $550F1 ACE $8%50/3 47 3l i B 4 A
(%) alpha ZAEME, JFAETTRUE K I LLEAR 3540
B AR X 2
1.5 HESH

RIS s P R 22 2w, R SAS
(9.0) Gil% 4 ) one-way ANOVA i #2747
PR E T EMT, P<0.05 RERAGIHES,
2 #HR51e
21 FBEHEwmAKULEYAREREELETXREE
RBEEIEHMNZIE

KA EE K ML ME 1 s, W 1 FI5H
6, HFARRAELREESR (P>0.05) . K
BRI BE N, RE R, 5 7 H,
LFf 40K AT W& = T HFf 4100 MFf 41 (P <
0.05) . MEFRZ% 9 JH, LFf41A CON £ K filik
H I E T HFf 24/ MEf 41 (P < 0.05) , LFf
Z1F1 CON 4 [ K RAE LB %25 (P>0.05)

A UL AT UL, FEG MR AR AR T O RTHE T, Ik
EHhINA LY, R ES —E M.

H& 3 Al g, RIS S, LFf 2481 CON
HRFBARE R E T HFf 400 MFf 4 (P <
0.05) . HTXRE “WRemE” WAEMRRE, &
HPRRMHREEZE LR EZES (P>0.05) .
LFf 20K B I IG # i 2  T- HFf 2R CON 4i( P <
0.05 ) o A LR EXF SO 2520 (P> 0.05 ) o

650 -
—&—HFf — MFf LFf

CONf

600 -

550 +

500 -

N

450 -

400 -

350 ,

300 -

250 L L L L L L L L L )
0 1 2 3 4 5 6 7 8 9 10
e/

TE; AR H A, TR BRI TR RR 2R A RE (P>
0.05) , AARFR/NEGFHIRERRZERBE (P<0.05) o THIFE.

Note: At the same time point, values with no letters or the
same letters have no significant difference (P > 0.05), and values
with different uppercase letters are significantly different (P<0.05).
The following figures are the same.

E 1 ERSHKUEURE4MHEENAREAGTENZ M
Fig.1 Effect of energy ratios of fat to carbohydrate
on the weekly body weight in rats

*3 EBHSHAKUEYARMEELENKBREE. REEMNFEIRHMZM
Table3 Effect of energy ratios of Fat to carbohydrate on the body weight, feed intake and organ indexesin rats

s HFf MFf LFf CON P-vaule
WIdE/g 325.00+2.63 325.69+2.45 325.50+3.42 324.94+2.80 0.938 5
Kifi/g 552.04+26.28" 558.48+17.19% 579.98+22.01° 577.54+21.96" 0.040 8
HXR/g 17.93+1.02 17.66+0.93 18.30+0.73 18.15+1.04 0.549 6
S W4 £/ % 3.68+0.35 3.64+0.42 3.73+0.35 3.52+0.34 0.706 8
JE G /% 2.04+0.44° 2.10+£0.38" 2.49+0.46° 1.85+0.28° 0.024 3

T FATEAE, bR AR R RERARE (P>0.05) , AARNEFERERREFRE (P<0.05) . FEM.

Note: Values with no letter or the same letters have no significant difference (P > 0.05), and values with different uppercase letters are

significantly different (P<0.05). The following tables are the same.

22 EREBKLEWAEHEELLX KRR
KX ISR I

L3 % I G B2 P TC A1 TG \LEP #l ADT
(R 5 S5 2R L3R 4. AL FRAR B X ILIE BUN

ML S AEEEE TC. 1y HDLC, Iy LDLC 1
GLU LR F#m (P>0.05) ; M CON 4, LFf
4 . HFf 4181 MFf 4110% TG KB E T (P<
0.05) . HFf AR IFAE TG B & & THAMA =41 (P <
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0.05) , HFf A1 LFf HEHFAE TC & F MFf 41
M CONZ (P <0.05) . #RifMi, HFf 4116805 LEP
AR T HAL =20, MFf 4f1 LFf ZHim (P <
0.05) ; JEH, HFf AMIENR ADT KV,
NEREIE Z K AR YN HFf 4H>CON #H>LFf 41>MFf
4 (P<0.05) o FHULATIL, HFf ZLEE X T A
FE S 0 B I A S W A TR, % AR AR 1l B 7K -5
/N, HEAIESE A, AR E RBUME TG.

TC. HDLC Ml LDLC /KF EFH, SRl , #5274k
TR IR B 23 AR I LDL #1 TG /K, 1 175 A
PR ACEIG N, BRI T R, IRREAER D
WA E X REREAR AR S A, EEAgER
AT MBS KT, AR Bl, &
eI B vy IneF 2 Z A F A, A F i O RN il B
AFRIVER, JCHXTBEARINGE TG KA F, H
Tok el I v i A 1 A G 5

x4 EHSHRAKCEYARMRELL XRMAE. AFIETAEIE £ L IEREZIm

Table4 Effect of energy ratios of fat to carbohydrate on the blood fat, hepatic fat and abdominal fat in rats

i g HFf MFf LFf CON P-vaule
IfiL 35 /(mmmol/L)
I3 90 =B 0.52+0.05¢ 0.74+0.083 0.55+0.05 0.92+0.10* <0.000 1
1ML 3 A A [ 1.88+0.26 1.85+0.43 2.06+0.38 1.92+0.25 0.534 3
ML 5 2 R g R 1 O ] 1.75+0.27 1.69+0.32 1.56+0.33 1.43+0.10 0.090 2
I35 AV %% B N A o IE ] e 0.35+0.12 0.34+0.08 0.40+0.09 0.32+0.14 0.514 7
Jiik7 5.82+0.62 6.34+0.69 5.99+0.73 6.34+0.55 0.609 9
IML3E R E A 4.39+0.59 4.17+0.37 4.43%0.40 4.30+0.62 0.630 0
I H 90 = g /(mmol/gprot) 0.16+0.02° 0.12+0.03" 0.11%0.04° 0.12+0.03" 0.035 1
JFF I A [ B2/ (umol/ gprot) 73.17£7.57* 63.20+3.75° 75.59+7.97* 64.45+8.46° 0.0149
6 98 25 /(ng/g) 6.12+0.68¢ 11.80+1.80" 11.15+0.69* 9.15+0.918 <0.000 1
MR REECE /(ug/g) 53.86+2.834 24.98+4.18° 31.10+4.70° 38.56+2.38" <0.000 1

23 BERAERIKIL & A [E 4 88 bt XF K R BT A
BB 5T HE X B E mRNA 83 3% 1% 28 % 0H
JHRESERE I ACS B2 W 2.2 455R W]
AL R E T EFERR IR ICH RS, R
R Wi 5 B K AR A AN TR B BE X oK U IE A 15 1€
WHAHOCHE Ry RER (R 5) , ATU—ERE L
BRI R I R, FRATTIF RS R A, PUFP iR
BT, AL CON 41, HFF 24 () 2 kAt
a RALEEFEA (acetyl CoA carboxylase, ACC ) &
IKEEFRAR, I MEf 4181 LFF 411k BUIFIE ACC
FHXT IR L o ACC 7E g D I A0 A GG ke 22
YEHT, ffb CmEmmE A A2 0N B mER I A
HFf 21 fi5 15 fR % i2 1§ ( fatty acid translocase,
FAT/CD36 )ik 3 T HAl = 24H( P < 0.05 ).
[i6] B2 8 5 TS5 A B (sterol-regulatory element
binding proteins, SREBP1 ) J& 17 sh ¥4 P Ag i
AR E B, B R 5 IR A i G i
F14) 5 PR 2 SR i ol 5 3k SR it ) T 1, DT 4 1 B T
B AWFEH, HFf 4 MFf 41K BT

SREBP1 JL[H ik ¥ T CON 41 (P <
0.05) o CD36 £ MM i A bl ke 35 JE 2R A
EIRRE SRR A BTSN

R R T8, 5 CON 41AHLL, HFf4l,
MFf @ H LEf 21 A9 R BRI AR [51 B 70- 552 14 il
( cholesterol 7a-hydroxylase, CYP7A1 ) FE[H ik
T EH S (P <0.05) o CYPTAL 1R A2 ik
JOE ] P £ S RE T TR ) BIR S i, 0% o L [
PE AR IR, s/ E T R 1% i I SO A 2
A 8 1 AR 1A 2 4 4 U O) HIFE 41 MFF 411 LFE
O R B NE RO MR R A
( Hydroxymethylglutaryl CoA, HMG-CoA ) FE[H
Kikkh CON IR #EHES (P < 0.05) .
HMG-CoA J& A A AH [# it A= 1y 1o A o A PR
fitg, JE VNG 2P0 B R Sk S Bl A R A
W 0% 52 & ( peroxisome proliferators-activated
receptors, PPARs ) y s 117 H AR R IK A
AR SR IR, 2R 40 oAt 72
W OB 7, TR ol s 2T A 4 i B 1] 7 o
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4 i B A M AR T AR g R, KRR
PPARy JE R F ik R AE MU M AT A HFf 44>MFf
ZH>LFf ZH>CON 21 . AMP i 85 H i Adenosine
5’-monophosphate (AMP)-activated protein kinase,
AMPK ) J& A= Wy R A5 i OCERE IR 5, J2pLAA
DRI AT 0 BT (99 it . HFF 201 MFf 4145

LFf £/l CON 4iAfLt, AMPK RYFHXTFik B34
FFRIE (P<0.05) . 24 AMPK RyZEikplm i,
S RAAI RS AR . SACIR AR
21, Saha Fll Reimer A5 KB, M4k Enl )ik
JIFiE ACC .SREBP1 . AMPK .HMG-CoA FI CYP7AI
LRI ek T

x5 BEHEBKLEYAEHAELE X XRIFERRREEXEE mRNA 83 RiZE8Z0T
Table5 Effect of energy ratios of fat to carbohydrate on the mMRNA relative expression of hepatic fat metabolism-related genesin rats

miH HFf MFf LFf CON P-vaule
ACC 0.36+0.06¢ 2.43+0.61* 2.96+0.72* 1.00+0.14% <0.000 1
CD36 2.17+0.64" 1.15+0.15" 0.62+0.02¢ 1.00+0.08"5¢ <0.000 1
SREBPI 3.38+0.63* 1.57+0.108 1.1140.385¢ 1.02+0.21¢ <0.000 1
CYP7A1 4.04+0.36" 3.82+0.28" 2.86+0.31° 1.02+0.22¢ <0.000 1
HMG-CoA 1.61+0.20% 1.95+0.32* 1.55+0.14% 1.01+0.16¢ <0.000 1
PPARYy 3.03+0.55% 2.30+0.528 1.74+0.29¢ 1.00£0.08° <0.000 1
AMPK 0.73+0.08" 0.66+0.09" 0.89+0.06" 1.01£0.17* 0.000 4

I¥: ACC, acetyl CoA carboxylase; CD36, REMiER¥%i&H$; SREBP1, [EELAIILIL4EAEH; CYPTAL, HHERE 7Ta-210HY ;
HMG-CoA, W HN " FRABAIAE A; PPARy, &Y RHARIAIYIRGT 21K vi AMPK, AMP #BEE 1 i#8E .
Note: ACC, ZTt#lif a JR{LAE; CD36, fatty acid translocase; SREBPI, sterol-regulatory element binding proteins; CYP7AI,

cholesterol 7a-hydroxylase ;

Adenosine 5’-monophosphate (AMP)-activated protein kinase.

EIRGERFER, i F/C HBE]E BR BT
I g J v R g 0 35 S T R A 3 g e
NEW A LS55z, DL IR [ RE A ROk 56 3k P 5k
R4 1
24 FERF 5®OKL &Y A E 488 bk xF X AT AE
REEZE DRI

G HE G 00U AN [R) 1R b 1T K BRUHFIE
B, R 8 HARRFAERES, & H KB
WEY) R B n =3 sk SR EF A0SR, aniEl 2 fr
o UG T ORIRI RS I AR K AL A A e L
(41% : 44%. 31% : 54%. 21% : 64%F1 11%
74% ) XK B BERR B AC 8 i g, 45 2 iRl R £F
AR 5 — 3 AN DUA RRE A — BUR T AT
e %k Rl W, SR v iR T A K LA Bt RE L
W A41% : 44%F1 31% : 54%INF, K RUITIE 3R IS
iAs M, HASPERR IR 30%Z4 47 s 4R8I ik
KL G HERE A 21% @ 64%HF, i i A8 1 7 i
KFH) 66%, LA DH B R RAE, T ZUA
Wo MABFRE R K, 5 CON 4AHLt, HFf

HMG-CoA, Hydroxymethylglutaryl CoA; PPARy, peroxisome proliferators-activated receptors; AMPK,

41, MFf 4R LFf 4049 K BRI 25 43 87 6 B
BAM, BERIER, BWHIKET NS &S
iF, ) B8 — 5 R ) 2T 4k 2 6 I A A
HFEH -
25 FEMEmAUEYAE LN KRFE
HERSHZN

0 £ 2 £ T RERE RS IR T A
WA LI, MR KB IR 7RG & AT s /s
WA, (9B m AN . Fass W AR,
2 R, DA SRR A — SO AT R4 T
X p M, R v g D AR A P BERE L
41% : 44%*F, K BRI 906 s B 55 0T RRZEAH [E
ERRAC, ROSHERN, MESESREREN
FLBilF A . miABFIT 2B (% 6) , AL CON 41,
HFf 41, LFf 405 MFf 21K BRI 908 = B A
IR RIREAL (P <0.05) , HFf 4051 MFf 4019595
o S TR LA LA B A B RIS (P <
0.05) o AT UL, TRE g I F ik 43 52 e i 1 4%
EEH.




OFEEE iy __ = = 58
DDED% @Hﬂ;ﬂ@ﬁ#ﬂf 5] 31 % 2023 EE EE] 5 ,\H
EERREASEANE e oL o e v roons Bl 30 BESTY
A
e E AN HFf AREFATALY A, B MFF AR BURATAL] 5, C i LFf 4R BUFAE41819) A, D 2 CON 41K BURAE
HAYIF .
Note: Hepatic sections in rats of: A, HFf group; B, MFf group; C, LFf group; D, CON group.
2 BERF KL ¥R E HEE b3 X RAFAEALUREFARMm (<100 )
Fig.2 Effect of energy ratios of fat to carbohydrate on hepatic histopathology in rats
*6 BEHSBKUEMARMEEIENKBREBAERSHZIL
Table6 Effect of energy ratios of fat to carbohydrate on ileal villi morphology in rats
H HFf MFf LFf CON P-vaule
S i /um 211.30£19.60% 220.27+46.63° 234.11+16.80% 302.39+38.86" <0.000 1
F&5% R /um 128.76+11.27% 115.74+23.13¢ 126.09+13.87°¢ 143.69+17.98* 0.000 1
YL /B TR 1.68+0.21" 1.72+0.08" 1.97+0.24" 2.09+0.16* 0.006 7

26 BISHAKUEYWAREEEELLXXREE
BB 240 B B9 B2 M

R OTU Xf R i #h 432645 8., RHI RDP
classifier XfF¢ S AT R BFAL S HT. RA Qiime
(1.9.1) B4 BT, W 3 Fis. il
WA 5 A0 R AR WA O P AR g
L, 5 CON #HAf L, HFf 40 . MFf 410 LFf 4111
B MAEYFET K L, JEEEET] ( Firmicutes )
AEXSE Y TR, AT EE ] ( Bacteroidetes ) ¥
B LEF. 4 (Class) KV L, HFf 44f LFf 4
Clostridia 5 X JALAH L TCAR 4k, 1 MFF 20 i AR
25 [t KT 7 4K (Clostridia) B Y AH XF 4= B AIK F X 1R
H, WITFEY (Bacteroidia ) HF = TXHHEA
HFf 241, MFf 201 LFf 41/ 25984 49 ( Bacilli)
PIMEF CON 4. H (Order) /K 437, ML
CON #{, HFf #1. MFf 48 LFf 4443 H
( Bacteroidales ) AHXF=EREEH N, 1 =4 FLAFH H

( Lactobacillales ) 9y #H X} & B B & T K¢ . #

(Family ) /K7 I+, HFf Z1AHIL CON 41, EIRFHA

( Lachnospiraceae ) AHXJ=EF F Tt 15%; 1 LFf 41
1 MFf 2040 CON 41, Lachnospiraceae #HXJ 3=/
TRESIIN 3% . 16%; AHEL CON 41, HFf 41, MFf
Y11 LFf 21 1 3UFF B R} ( Bacteroidaceae ) 445 i I
Tt, SR =HAFLAF R RLA (Lactobacillaceae ) #
J H A (Ruminococcaceae ) AHXT T
J& (Genus) 7K I, 5 CON 41, HFf 4H .
MFf 201 LFf 24T )& ( Bacteroides ) AHXf -
FEXETN, WTESUREIE TR IKE ( Alloprevotella )
Bahns A4 W FLAFER (Lactobacillus ) | SEHLH
J& (Moryella) . B3z 25 ( Akkermansia ) AHXJ
FREEHREAR, X 5T AHGEERL, SRR E /MR
1B B O B AT BB . Moryella, EMREF}
B0 e 2 AT P A G = BE AR, UM T Ja AR X = B 3
i, AR & A R FURT A P A
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FIHAE AR FHEA . ] 5 & 13 0 I B AR AL %, %

MR R R AR R, IR RR R, (HLLH AR5 5

== e | A ), === vk NI ~[25
=TS, e IE N s s “H PP == T. 2 ’ o
G b5 B v B EEAE A S340, G/hBl ADFEB 5w S ] s BUIE e R
Sample - Sample
Sample [ Clostridiales B Phylum Name L C  Phylum Name
A Order Name = Bacteroidales 10 === glostmd'lg' 0 == = == Firmicutes
100 [E=== m== m=== === M Lactobacillales = mRagn -
:| e Entegobfcgri?lles o 80 :I ey acill 3 80 Bacteroidetes
| sipelotrichales M Gammaproteobacteria I i
80 [ B Dowu ‘ovibrionales § (I | Erysipelotrichia g L M Proteobacteria
3 ]\Bferrkllllcxiﬁmq;ﬁblales 2 60 = u Eeltaprotqobagtcna g Actinobacteria
1 1 | urkholderiales r errucomicrobiae F errucomicrobia
g 60 1 Selenomonadales ) Betaproteobacteria 2 60 Ve ;
5 = Coriobacteriales 2 4 Negativicutes s M Cyanobacteria
] icrococcales. 2 F M Coriobacteria 2 L Tenericutes
240 ——{ B Gastranaerophilales kS = ﬁctlin.ob%cteﬁq k- 40 Deforribacteres
R=} : I~ L elainabacteria . .
s | ! nggfég:gtt:;ﬂfess 20 B Mollicutes ~ 20+ Elusimicrobia
~20 B Bacillales I Deferribacteres B Dther
Rhodospirillales ol 1] B Alphaproteobacteria
ot I JI T ¥ Anaeroplasmatales CONf HFf LFf MFf ™ Elusimicrobia ot—t—J 1L
CONf HFf LFf MFf & Other CONf HFf LFf MFf
[& Pasteurellales
| Elu.zl;mcroblales iﬁ?ﬂhﬁﬁgs iachpospiraceae
B Blautia Ruminococcaceae
31a1t1t:aun_<1:1ultmed_bacterium - ;BacE%rmdaceae
actobactlus Lactobacillaceae
Sample n \I'{gé'l}:tzlela Sedis Sample | :e tosgcptogoccaceae
D “Name Genus HEscherchia: Shigella Name Emerobacterisceas
100 Alloprevotella 100 r, Eroet el
) Erysipelotrichaceae
M Intestinimonas M Family XIII
IAhstlpes . L [ | Porpl yruluuuadaucar:
o 80 [ Parabacteroides 3 80 m=== Wl Rikenellaceae
g M Roscburia _g B Peptococcaceae
5 Anaerotruncus 60 ¥ Defluvitaleaceae
560 l%ﬁggﬁﬁ:occus E I L aesulfowbnorl;gceae
2 I . errucomicrobiaceae
s Marvinbryantia ® Alcaligenaceae
240 [ Sub(é(x)_rlrllgarnasx;léllum .% 40 H H écu_‘lal:)nu%oqoccaceae
5 ] oriobacteriaceae
% [ Sutterella . ) Christensenellaceae
& 20 M Phascolarctobacterium 20 H B Micrococcaceae
B Fvonisior B nouooed. bateri
uncul acterium
M Desulfovibrio ot B Streptococcaceae
CONf HFf LFf MFf =%otthia CONf HFf LFf MFf = l[)>5e Derribgazcteraceae
nterococcus -
M Papillibacter B Corynebacteriaceae
M Oscillibacter B Staphylococcaceae
M Christensenella B Rhodospirillaceae
B Mucispirilum Anaeroplasmataceae
Other B Other

. B AL B, C. DAl E 353 IR Ao KAk & WA R BERE LL R BB A AR E D] 49, B . RHEKE B4 AR F

Note: Figure A, B, C, D and E represent the relative abundances for phylum, class, order, family and genus in cecal microbiota in rats

fed diets with different energy ratios of fat to carbohydrate, respectively.

E 3 MEmSHAKUEUARE4MEEEXREHAEMFARNEME
Fig. 3 Effect of energy ratios of Fat to carbohydrate on cecal composition of microbiotain rats

3 #ig

AR e (RIRE ) — SR T, 1A
KL F/C 2 40% = 45%K5F, IFIE TG, TC, /i ADT
AR AR R ARG, FFIE ACC
FIREIAL, IENRREEZ H T FAT/CD36 Flfig i
A UAH A ¥ SREBP1 345, TR gl fEBE Le
H40% 1 45% . 31% : 54%F1 21% : 64%HT, EXt
MRAAAH L, B BES O OC B HMG-CoA 3Rik
G, HIRNG 41 M54k - PPARy 3Rk it Bl IK
b e D S S 0 2 R O R . S Ah, K
£ F/C Ei (40% : 45%F1 31% : 54% ) , fHil
WEREZH, WiEHA W R TR, BT
0w A S BRGNS, AR R sohe (£
e ) —BUWATHR T, R F/C 510 21% ¢
64% . 31% : 54%F1 40% : 45%M}, TalAR h 4F 4 &
ARG, TR BUAER I, IR

-~

RN AR PR R E , B T = IR S A i I
WERE G AEME . I, 7EA R —SUMATIR T, &
NRAFESRIRE RGN bt (HE AT 4 5 &
o IR R T AR TR R A A S A
W L RE 5 55, ABATS SR A7 AL SR B 107 4 v R M
AR A2 B AR, R EURE H F/IC ANE T 30%.
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