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Effect of Brown Rice and Whole Wheat on Gut Microbiota
and Lipid Metabolism in High-Fat Diet Fed Rats
WANG Yong, SONG Ge, PANG Shao-jie, QI Wen-taol<

(Institure of Grain Quality and Nutrition Research, Academy of National Food and
Strategic Reserves Administration, Beijing 100037, China)

Abstract: The purpose of this study was to investigate the effect of brown rice and whole wheat on gut
microbiota and lipid metabolism. Specific pathogen-free Sprague Dawley (SPF SD) rats were selected and
randomly divided into six groups (n = 12 per group): control group, brown rice group, whole wheat group,
HFD model group, brown rice + HFD group, and whole wheat + HFD group. After 12 weeks of feeding, the
serum biochemical indicators of the rats were measured. The liver and colon tissues were examined
pathologically, and the microbial community diversity in the colon was analyzed. The results showed that
brown rice significantly inhibited the increase of body weight and lowered serum total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) levels. Brown rice also significantly alleviated inflammatory
cell infiltration in colon tissue (P < 0.05). Whole wheat reduced serum free fatty acid (FFA) levels and
inhibited hepatic lipid accumulation in rats (P < 0.05). In the normal maintenance diet groups, brown rice
decreased the Firmicutes/Bacteroidetes ratio and increased the relative abundance of Blautia and
Lactobacillus in the colon, while whole wheat increased the relative abundance of Blautia and Romboutsia (P
< 0.05). In the HFD groups, the relative abundance of harmful bacteria such as Terrisporobacter, Pseudomonas,
Psychrobacter, and Lachnoclostridium were reduced by brown rice and whole wheat, while brown rice
increased the relative abundance of Bacteroides in the colon (P < 0.05). Taken together, the intake of brown
rice and whole wheat had a healthy effect on regulating intestinal homeostasis. The results of this study can
provide a scientific basis for formulating reasonable whole-grain cereals-related dietary guidelines and
developing whole-grain-based healthy products.

Key words. brown rice; whole wheat; whole grain; obesity; gut microbiota; hypolipidemic effect
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1.1 . ARSI

SPF ¢/ SD K EL, 1A&FiE 180~200 g: b
AR R ARSI S E AR A IRA R, VFATUES
SCXK(5) 2016-0006.,

Bk (M 31 5 ). B iTAEARN; &
(U542 23 % ): IWARETRET; AIN-93M R
Aedpiakl . BRI B R A F s SRR
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Tablel Composition and energy density of the diets

ek REK 2FEm EE o e -1

ik S b S S b 2 o Jg ek
Bk 0 22 0 0 22 0
Eoo 0 0 22 0 0 22
1% 2 19 169 152 242 221 204
FKIEH 50.4 31.1 328 193 0 1.7
bk 8.1 8.1 8.1 103 103 103
W 9.5 9.5 95 121 121 121
T 2.4 2.4 2.4 3 3 3
T 1.6 1 1.1 195 189 19.1
YR 4.8 43 4.1 6.1 5.6 5.4
RN 2.7 2.7 2.7 3.6 35 35
HE 1 1 1 1.2 1.2 1.2
L-E iR 0.3 0.3 0.3 0.4 0.4 0.4
RIS 0.2 0.2 0.2 0.3 03 03
BT HXTZE B 0.000 8 0.000 8 0.000 8 0.004 5 0.0045 0.004 5
A1t 100 995 994 100 994 99.4
R 19 19 19 19 19 19
oKL G 71 71 71 36 36 36
fig Wi 10 10 10 45 45 45

PR /(KI/g) 147 151 151 188 193 188

H il =& ( Triglyceride, TG )., &l JH [# & ( Total
cholesterol, TC ). = % B A58 MR [E B ( High-

density lipoprotein cholesterol, HDL-C ), fIX% ¥
A& 5 F IR E B ( Low-density lipoprotein cholesterol
LDL-C ) FiiF & Rg iR ( Free fatty acid, FFA )
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*P<0.05,

Note: Compared with the blank control group, #P<0.05; Compared with the high-fat model group, *P<0.05
Bl XBRERE. BEEMEREEN

Fig.1 Body mass, food intake, and energy intake of rats
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22 fEKFEEX KR MASTIEFRRNG
WK 2 fis, £ 4REIE TG #1 HDL-C /K
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R ZH K UL TC. LDL-C #l FFA /K F-304}
TR T = (K 2B, 2D Ml 2E, P<0.05), K&K
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AR R PR R BRI A S 9 D e o A ST 5
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U 2 S 9 0 N W W
B B D P AR

E S RA R, #P<0.05; SEIFRAA HE, *P<0.05,

Note: Compared with the blank control group, #P<0.05; Compared with the high-fat model group, *P<0.05.
B 2 XRmi#F TG (A). TC (B). HDL-C (C). LDL-C (D)#A FFA (E)& &
Fig.2 SerumTG (A), TC (B), HDL-C (C), LDL-C (D), and FFA (E) in rats
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group; F. Whole wheat high fat group; Figure 4 is the same. Liver HE staining section (400% ), G. Liver cell steatosis score, compared with the blank

control group, # P<0.05; Compared with the high-fat model group, * P<0.05.
B 3 {RIIRHER A0S 23K FRATRE 45 4 B S0
Fig.3 Effect of whole-grain rice and wheat supplementation on liver histology in rats

. S5HAL HE el (200x), Z0EAEFk, SARIKE A0k

Note: Colon tissue HE staining section (200%), Red arrow. Focal infiltration of monocytes.

B4 (ERERMEENKREHEREHNHIT
Fig.4 Effect of whole-grain rice and wheat supplementation on colon histology in rats
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Fig.5 Analysisof colonic microbiota composition
at the phylum level in rats
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Fig.6 Analysis of colonic microbiota composition
at the genuslevel in rats

T N AT R R A R, Ak A Y-k
" N R AR

AT WITIE & B Faecalitalea 545 i 4141
ZO-1 ik, ¥ SOD M. Gbrbafbie ) 2 i
K, S TNF-a. IL-6 Fl MDA /K5 iEAH
KB ARBRFE R IR R4 Faecalitalea 32T}
B, A B R4 Faecalitalea & B FAIR( P < 0.05),
FOREEREZ A REE I H Faecalitalea 2/
M RAE IR B R TIfE . 5 Raza SEP2W5T
ZiR—E, BRI E RS IE A 5 AU R
AR 38 o TS IR K AT R KBRS i AT
WE TR (P<0.05), M2 &gk & T 1
i T TR AR 2L o

2P B ORI X AT 35 WA WA T o)
B, HARXS R R ERE A 7 s, mARIRE
B oK BLZ5 i N - AT & ( Terrisporobacter ).
i % 0 B J& ( Pseudomonas ) . Mg ¥ T Hi &
( Psychrobacter ) il Lachnoclostridium it 4%} 3=
JE, TREK RN 42 22 BRI T 3 JLF TR A A X =R 32
e IR AR i e N PR/ R A rh B0 TR - AT T R
P AR R TR TG R R
Yan ZPUREgy R R IR SN BUE IR
MO = B, g A R BRI SR A K AT I I
TR A TR R 25 o 72 B R4 i e B 92
B BEDRe /N B, TEY T TR R Y B I
BRI, FLwg v FF T B 2 L 57 /D B i b
BE A PO AR IR AR A TN BB
Lachnoclostridium w]figi# [l 1 4 i 1) A& 2, JF S
I3 TC. 1% TG, AFAE SREBP-1c Al FAS mRNA
FERIEAIC, B AR B 1] (1% Lachnocl ostridium
FREPT,

3 #it

AR S 3 e A I AT AT b R R K N 4 22
XF IR RS S K U A R R e, I A
TSR . mARTEbs . IR,
A ETT I VEFRCR . S50 . 1) Rk
LA RRAR 5 B I 5 3 1 R BV I L B e
FEREAR LG TC M LDL-C i, ZBff4sInH S %
IR o A HA AR BN FFA & & A




= 5 . I O
== 31 'l% 2023 EE 5 /\H %Hﬂ;ﬂ@ﬁ#ﬂf DDEE%EF
8T 30 BEET SO S — RERMREASERNE
‘7 D \ Blautia
unidentified_ L achnospiraceae
Ocillibacter
Dubosiella
Roseburia
Ruminiclostridium
' Heli t
e. 1cobaxf er |2 Phylum
lleibacterium f { [JActinobacteria
Eisenbergiella Bacteroidetes
. Firmicutes
L Turicibacter | —1 | proteobacteria
‘ Romboutsia " —2 | Tenericutes .
Cupriavid unidentified_ Bacteria
upriavidus Verrucomicrobia

Lactobacillus
nterococcus
Jeotgalicoccus
unidentified  Ruminococcaceae
identified Corynebacteriaceae
StaphyloCoccus
unidentified_ Clostridiales
Erysipelatoclostridium
Anaeroplasma
Akkermansia
Intestinimonas
unidentified Erysipelotrichaceae
Parabacteroides
paproiciproducens
Faecalitalea
ﬁBacteroides
~ Lachnoclostridium

Parasutterella

Sellimonas
Tyzzerella
Terrisporobacter
Pseudomonas
Psychrobacter
B B g B
&
% L % & o g
B 7 MBERMEBKFERE
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