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SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

Effects of Dietary Fiber from Four Cereals on Blood Glucose I nflammatory
Factorsand Gut Microbiotain db/db Mice

LIU Xin—guol’z, LI Ao-xiang1’3, PENG Wen-tingl, QI Wen-tao', FANG Wei' <
(1. Institute of Food Quality and Nutrition, Academy of National Food and Strategic Reserves Administration,
Beijing 100037, China; 2. School of Health Science and Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China; 3. College of Food Science and Engineering, Central South
University of Forestry and Technology, National Engineering Research Center for Rice and
Byproduct Deep Processing, Changsha, Hunan 410004, China)

Abstract: Effects of four types of cereal dietary fibers (DF) on blood glucose, inflammatory factors and gut
microbiota in db/db mice were investigated. The db/db mice were fed with diets containing four types of
dietary fibers of wheat (WDF), brown rice (BDF), oat (ODF) and buckwheat (BWDF) respectively. The
fasting blood glucose (FBG) level was measured every two weeks, and oral glucose tolerance tests (OGTT)
were conducted at the 8th and 14th weeks. At 14 weeks, feces were collected to analyze the changes of
microbiota, and serum was collected to determine the level of blood lipid and inflammatory factors. Four
types of cereal DF could reduce the FBG and the area under the blood glucose curve (AUC) at 8 weeks in
db/db mice, improve dyslipidemia and reduce the concentration of blood pro-inflammatory factors (P < 0.05).
All four types of cereal DF could increase the diversity of gut microbiota and change the abundance of
different microbiota. Among them, WDF mainly increased the abundance of Faecalibaculum and
Romboutsia, BDF increased the abundance of Actinobacteriota and the ratio of Firmicutes to Bacteroidota
(F/B), ODF mainly promoted the proliferation of Alistipes, and BWDF increased the abundance of
norank_f _Muribaculaceae and decreased the level of Bacteroides. Correlation analysis showed that F/B and
Actinobacteriota were significantly negatively correlated with FBG, AUC, pro-inflammatory factor (IL-8)
and low-density lipoprotein cholesterol (LDL-C) levels, and positively correlated with anti-inflammatory
factor (IL-10) and high-density lipoprotein cholesterol (HDL-C) levels, while Bacteroides was the opposite.
Alistipes, Faecalibaculum, and Romboutsia were negatively correlated with pro-inflammatory factors IL-1§,
IL-8 and TNF-a respectively. Four types of cereal DF can improve the glycolipid metabolism disorder and
inflammatory response in type 2 diabetic db/db mice by increasing the diversity of gut microbiota and
exerting different regulatory effects on microbiota.

Key words: cereal dietary fiber; db/db mice; blood glucose; inflammatory factors; gut microbiota
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2 AU PR% ( Type 2 diabetes mellitus, T2DM )
(B LT 2 F T R TG I 7 A JE 8 1Y B ) 3ok
P B AR N A R, SO IO KT Rk
BT, JFSEEROKE Y. EER. BB Dk
KA A A 2= ALY, T2DM R HOE B E
B R RE M N SRR I BN 2 — o KBTI,
Rl e | & e B 45 4k ( Dietary fiber, DF ) BIK &,
A AT BB Bk AELE T2DM. — I35 I 17 AR & i
MEVEBNSBIE S 25 A A0 BT a5 R R B, BRI 2 ¢
%) DF $iZ A, T2DM KU FEAK 6%, FHLLZ R,
KR EHE DF f A5 T2DM KU Z [a] ¥ A 2
LR - K R P X — A4 R, B

DF 7E 8 5B A7 B A W ZE DR

i ST A W AE IR T ML AR i 4 R AR
., W iE R R R 2 S 800 F m sl . &
R AR PE A 1Y R 5 B =2 g 1 TR R A Y
O 5 R0l 3% T X B A EL A I 1) B R 4 R
B, i s MR AR KRR B AZ KM, DF
T 0] LAk AE T2DM i85 1) 1 18 il A e 4 s A
R, MIMZE M T2DM R, RIH] DF o F4
B, SRR BTN R, XL 5 R0 fi 1
B R PR e e 22 7 07, SRR RS
DF P AR5 RN 38 B R 52 i 119 22 AR 95 38 R
DUHE S PRI, AR S FEZERSE 4 #4549 DF Xt db/db
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? IBmBsETNE

N A A0 i T TR 7% R S AR sE e, T
FEEE XTG4 Y DF A6 877 0% F 7 38 TR 3T
R i PR AR AR
1 #BE5RE
1.1 ##, EF SR

4 T4+ W) DF . BPE AR 96 AR it A BR S W)
AIN93G M} bt RHR B 1 ERHT R 2 F] 5 One
Touch IMKEAL : 58AE () BEIFEFMARA A
= % AR L A AL [E B% ( High density lipoprotein
cholesterol, HDL-C ) A% i i 25 1 IE [# % ( Low
density lipoprotein cholesterol, LDL-C ) {7 & :
MR AEY TEWRE T, AN E-6
( Interleukin-6, IL-6 ). FAZHii42-8 (Interleukin-8,
IL-8). H4Mis2%-10 (Interleukin-10, IL-10 ).
i 2R B T -0 ( Tumor necrosis factor-o, TNF-a )
FE 4% -1B (Interleukin-1p, IL-1p ) FEEECH
JEMG B 2E (ELISA ) 5 & sl AR Y4
RAERRAF; EZN.A® soil DNA 2GR £ -
Omega Bio-tek, 32 [# ; NanoDrop2000 : 3 [H
Thermo Scientific 23 7] ; Quantus™%¢ it : K [H
Promega /A Fl .
1.2 ¥Rz

4 JAWTCREE MR JEAR S db/db ( C57BLKS/I-
LepRdb/LepRdb ) #1 db/m( C57BLKS/J-LepRdb/+ )
AR CHEVZFR AR A RAF, A1 Al ik
5k SCXK (3 ) 2021-003 ) &t 1 & s
gyh 6 AN, B4l 6 L, HH db/m /NEAE X
41 (CON, Mg AIN93G FEAlAAAL ), db/db /MR
IS R B REAL > . AEI4] (MC, AIN93G
FERERL ), NEREELF 44 (WDF, AIN93G 1A
BHAN 5%/NE DF ). fiKE R4 4E2H ( BDF,
AIN93G TR 5%KEK DF ), A i B £F 4k 4]
(ODF, AIN93G Ta#HisIn 5% DF ) MIFF
JEE LT YE4] (BWDF, AIN93G BRI 5%5% 4%
DF ), SEE iy 14 .

NEE HEEREFIYOK, LR 22~25 °C,
X B AERFAE 55% ~ 60%, TRFFE 12 h 6 IR/ R RS 1E
oo /N SR T AR B M) BEAE 55 R B oY
Be CHRE e MR I A S by, AR RS E RN E

Y T2t B S Bl 2 9 B sh A8 B 22 57 254tk e
HES 2022-10-2-FW,,
1.3 YRR EFLE

g JEO /N B R B s AT WA, R
HEAT 23 W IR A2, 14 JE B, AR &A1/ RIS,
TCHIE-80 "CUKFEVRAE, #EAT M 1E WA E -
RFERT—R, /NRESEAEIK 12 h, HHERIRERER
I, ZEHEHE 30minJ5, 4 CHMAT, 3500 rpm
20 15 min, B EIEW, T-80 Cukfififr, M
T 35 A A B B g R - S R pn Al
1.4 ORR#ET =0

55 8 JEIAG 14 JAR, PEAT F R A A i ik
% (Oral glucose tolerance test, OGTT ), /)NRZE
BEe, R 1 g/kg 7 AT 4 BE A R
B, #EEENE 30, 60, 90, 120 min i, HUE
PRE KL, P ARSI A /N BRI B KO, IR
120 4340 P IR AE fR B 2R, 1380 0 28 T T A
( Area under the curve, AUC ),
1.5 Mm&kELFEEIRIRUE

KL, Feia) St T I -h HDL-C
H1 LDL-C Ak, SR ] ELISA 230 Al & I 9
PERF ( TNF-a, IL-6. IL-8. IL-10., IL-1p) /K.
1.6 BAERENE

HRHEA ) Ul S U AR P V5 . DNA, fiff
NanoDrop2000 & 5 ZEfHAL A th DNA Ak 3 F 2l
FE, JFiEat 1% B EE e vl UK RS H2 B DNA 1Y
B, UL ERIEEE DNA SMRAR, il
Barcode J¥4I1_LiiF514) 338F (5'-ACTCCTAC-
GGGAGGCAGCAG-3' ) il F {if 51 ¥ 806R
( 5-GGACTACHVGGGTWTCTAAT-3" ) %I 168
rRNA L[ V3-V4 X 7 PCR Y73 . §7 3 W4
2% R W EE I AT HL UK A, 1 Quantus™ %¢
S M kA 7 A i i . 2E46J5 ) PCR ™
YI7E Mlumina 23 7 i) Miseq PE300/NovaSeq PE250
V5 EHATINY . HHEEAEY G Chttpsy/
cloud.majorbio.com ) Xl W HEA T4 W1 B2
T FEG AT K H Bray- curtis 26 i
A WIRETS DO AR, S5 7 45 2L [B) 41 TR S
F&, IFTEAFRYF KT Gt AR
HEVE AR o SR M 10 50 43 BT 3% 07 & ( Linear
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discriminant analysis effect size, LEfSe ) Z3#TAS[A]
ZH AT B & 7K1 B 35 25 S 0 ) A TR 2R T
Jfid g Spearman AHOCREMHTACHHE IR S 2 5%
PR Z (8] A A DG
17 #HiEsE

ffi 1 Graphpad Prism 8.0 {447 454k b 3
MM, BT 45 3R 3R R T B EEARE2E ( Mean +
SD ). 4% 2H Z 8] I ERL IR 2R Jy 25 43 BT F LSD 43+t
AT . P <0.05 B A ZES BA G AR XL

2 HERE5HW

21 BYEAFE do/db/NRIEREMIER
:9p=A10)

SA/NREEMEEESRNE 1 Pir, 5§
db/m /N AL, db/db /)N B4 BT & 4 I E AN
HEEFE (P<0.05), 1fi MC 4154 DF 412 [A]
(22T G F= L (P>0.05), £IHAY DF X}
db/db /IN U 5 48 e A B Y TJC I B

40

Gl

RN g
V]
(=)

10 1

S O & & &
o°¢<é°e°o°<b§

2.2 BYEERF4ERT do/db /R 25 BE I 45 F dE
ZENFM

23 MR IMAEZE SR ANZR 1 B7R , CON 425 g Ik
AR (P<0.01), %% DF T-#i 2 JilJ5, WDF,
ODF #l BWDF 175 I i b i LT MC 41 (P<
0.05), T 4 J& )5, WDF 41 db/db /]N 23 I ifi b
i FLT MC Ml BDF 44, 12 Jiit, WDF. BDF
F1 BWDF 41 db/db /|y FL2s 7 I 2 I8 T MC 41,
XFEW 4 #1429 DF %t db/db /N U H — E FRAK 2
JE AR, . R 8 J&] OGTT 45 Rl 2 Fik,
FR RS, #5240/ B KA 30 min B3k
R, RIEZE TR, 76 MC A, /b0
BELE 30 min JARIUE(A , JF7E4E T 2K AT 90 min NEE
SRRERKT, M4 DF 43 nlif Lok e i
BEELS: (P<0.05, & 2A ). H'5 MC 4HEL( & 2B ),
4 Fh4+4) DF 41 OGTT i<k Fiifl (AUC) 4 3%
B (P<0.05), 14 JARf (& 2C-D), 5 MC 4t
%, WDF, BDF Fl ODF 3 4 i EFHE T /N flas i

4r

_|§’

BER/(gd)
N

—
T

0
¢ & S
s ¥ &S

E: (A) EFE NG ; (B) B, ARFHRRANBFEZS (P<0.05), TR,
Note: (A) Body weight gain; (B) Change in food intake. Different letters indicate differences between groups (P<0.05), the same as below.
1 AYERFY4EX do/db DRERELMENBELEHM
Fig.l Effectsof cereal dietary fiber on body weight gain and food intake of db/db mice

x1 BYERTE do/db /NRE R MIEK TG
Tablel Effect of cereal dietary fiber on changesin fasting blood glucose levelsin db/db mice

23 1 1fil B%/(mmol/L) CON MC WDF BDF ODF BWDF
0 & 3.74+0.48° 6.16+1.22° 5.94+1.48* 5.99+1.07* 5.68+0.8" 5.90+1.09*
2 A 3.20+0.23° 7.1742.74° 5.65+0.66" 6.42+0.86™ 5.93+1.36° 5.72+0.96°
4 & 2.73+0.18° 6.26+1.00° 5.02+1.36° 6.17+1.56* 5.41+£1.79% 5.75+1.81%
6 Jil 2.93+0.20° 5.63+1.19 5.38+1.23" 6.03+0.63° 5.91+1.37 5.71+1.63*
8 Jil 6.70+1.17° 9.17+2.45" 8.10+£1.73% 8.51+1.24° 8.70+1.79* 9.14+1.64°
10 J& 7.05+1.53° 10.79+2.89* 10.24+2.77° 10.62+3.97° 10.67+2.56* 9.61+2.16*
12 J 7.30+0.82° 12.2242.44* 9.53+2.23" 8.23+1.62° 10.07+2.20% 8.76+2.01°
14 J& 3.74+0.48° 5.94+1.07 5.69+2.28° 5.27+1.24° 5.26+1.14° 5.92+0.70°

I ARFRARARAEZES (P<0.05), T,

Note: Different letters indicate differences between groups (P<0.05), the same as below.
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SR b a ab a a a
A 30min ¢ a b be b bc
60min c a be b be be 60r
401 90min ¢ a bc be b bc B
120min b a b b b b
§ 30t —o— CON —
e .8 40
5 ——MC g
= =
# 20 —eo— WDF "g‘
% —e—BDF £
g 4 ) 20
10} | S o— ODF =)
<
—e— BWDF
0 1 1 1 1 1
0 30 60 90 120
a1 /43
CON MC WDF BDF ODF BWDF
C =i b a a a a a D
40 - 30min ¢ a b ab ab a S0
60min ¢ ab ab a b bc
Omin ¢ ab b ab b a 40
—_ 120min b a a a a a =
S30f ~eCON g
o) —o—MC .
& e+~ WDF 530
=~ —eo— BDF
201 -~ ODF E
2 ~e—BWDF 520
= =
10 <
10
0 6 3b 6b 9b 12l0 Q Ty Y Y Y
/43 S YL P S &

TE: (A) 8 M X% (OGTT ); (B) 8 Ji OGTT M4 FHEIF (AUC); (C) 14 i OGTT; (D) 14 A4 FHEIFR (AUC ),
Note: (A) 8-week glucose tolerance test (OGTT); (B) 8-week OGTT area under the curve (AUC); (C) 14-week OGTT; (D) 14-week

area under the curve (AUC).

B2 AYEEF4E db/db /NRIETEF AUC KR
Fig.2 Effect of cereal dietary fiber on glucose tolerance and area under the blood glucose-time curve (AUC) of db/db mice

IMFEFIYE B J5 30 min MF% (P<0.05), T4 db/db
/NERZ B AUC fER I 2 25 5% (P>0.05 ),
2.3 BYEAF4EX db/db /N I £ IEIRE
=]

ANEUME A AL FE AR 3 iR, 5 CON 41 Lt
A, MC 4 LDL-C /K¥- 3 FFF, 1fii HDL-C 7K
PR TR (P<0.01), 5 MC # k%, WDF 4
1 BDF 24 LDL-C 7K°*F- N F%, 1fi ODF ZH 1l BWDF
2H HDL-C ¥ ¥ 7 ( P<0.05, & 3A~B ). 55 CON
A, MC diniE 1L-6. IL-8 KV 275,
IL-10 /KF B E AT (P<0.05), 5 MC 4,
A% DF T4l IL-6 /KF¥ BE AL (B 3C),
IL-8 /K-F-7£ BDF . ODF Fll BWDF 41 " i 3% T %,
I H T CON 4K (P<0.05, K 3D); BWDF
20 82 FAAR T /N BRI TL- 18 7K SF( /8] 3E ), TNF-a

JKF-7E BDF 4UR#AIK (& 3F ), IL-10 /KF-7F WDF
BDF #l BWDF 3 #H i 3 J 5 ( P<0.05, & 3G ),
24 BYREERFLHEXT db/db /R 7B E B
241 JHBERERF 2R BN AR
o ZHEVESERAE 4 Fi7R, 5 CON Fl MC 41
Fb#, #+% DF 4fii ACE #5%L. Chao 8%
Shannon $5 (3 2. % T} , Simpson $5 % % 3 F& (%
(P<0.05, & 4-D), £W, 4 #4549 DF ¥yn]$2
M EEE . K 4E Venn EJE/R TA
A2 2 (R 3EA fA ) OUT %t H, Hh CON 4
OTU EHh 217 4>, MC 41 OTU %(H ly 228 4+,
T CON 4; % DF T¥idst—34hn db/db
/NE OTU %K H, . ODF 41 OTU #iH £,
302 4>, WDF 41 . ODF 4 A1 BWDF 41 OTU %X
H 5k 264 4~ 279 NH1 277 45 6 A2 A
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20r A 2.0
215 15

] =]
Elo gl.o

Q Q
= =0.5

5

3 g

0

1500 o 500
S 3 400
2'TE L Db b B30
= sl 3 200
a =z 100
0 0 0
ooé@c’@%&oi@ o§@O@Q&Q§Q 00%‘04&9{‘@&@{,@

: (A~B) 14 JHMBAR BUK P (C~G) ML AT 3 7R BEAEAk
Note: (A~B) 14-week changes in blood lipid levels; (C~G) changes in blood inﬂammatory factor concentrations.
B 3 AMEERFUEST db/db /R M i 4 L HEER 0 2200
Fig.3 Effectsof cereal dietary fiber on blood biochemical indexes of db/db mice

E F PCoA on OTU level
R=0.4945, P=0.001 000

oCON
oMC
®WDF
®BDF
DFO

0.2 ®BWDF

PC2(22.24%)
(=)

3007217 228 264 302 279 277

200
100
0

084030201 0 01 02 03 04 05 06
PC1(30.25%)

¢ & $ O
S FSLS

H: (A) ACE #541; (B) Chao #8%; (C) Shannon #5%4; (D) Simpson #§%%: (E) Venn ; (F) PCoA K,
Note: (A) ACE index; (B) Chao index; (C) Shannon index; (D) Simpson index: (E) Venn diagram; (F) PCoA diagram.
B4 BYEEFEX db/do /NRIGEE RS REEHEm
Fig.4 Effectsof cereal dietary fiber on gut microbial diversity in db/db mice

[ OTU % H N 166 1~ KB4+ DF +Hils al 4 55T Bray-Curtis 8585 19 3257370 i A7 )
pIIIRANEN 7B =7 iDL BN WAL B UL MRS S R 2 RE k22 e o b,
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530 % 2024 F 551 BRAER
25BN AF s, 44 2Z [k e i 4 M 1 AE 41,1 BDF TH4 % T FiRBi%( F SE,P<0.05 ),
BEXE (P=0.001, R=0.494), I} H 25 243 JEAKVPFEENESR

B Mas 3RS, AR5 5 (PCL) Ny 2
) 30.25%, CON 41, MC 444 DF k&1
HZ AAFFE2S . MC 415 WDF 40/ ODF 412
1] 1) Bray-Curtis & K T MC 41 5 BDF #1 BWDF
HZ B RS . tk4h, ¥ PC2 i, BDF Al BWDF
TR 2 LK B P03 N MC ZH %% W) CON 4,
ifii BWDF 415 CON Z14bFHARIA AN & . 25
REH, A% DF T, Ju/E WDF. ODF Al
BWD 521 T db/db # BRI /I B I 1 A P
242 TVKVREBEFERZESR

mEl s pos, AR, NRERE EE R E
A TERERE ) Firmicutes ) AT J( Bacteroidota ).
P& % W ] ( Verrucomicrobiota ) . 78 J& W ]
( Proteobacteria ). Mi#i &[] ( Desulfobacterota )
F 1] ( Actinobacteriota ) ZH)% ( B 5A ).
PR A B R S E AR X 2, SRR 5
MC #HAH, WDF 1 BDF 21 & BE R [ 1R 42
WE EFF (K 5B, P<0.05), BDF 41 1F
SRR (8] 5C, P<0.05), A, 5 MC 4
s (K 5D), JEEER1/AUATFE ] ( Firmicutes/
Bacteroide, F/B) 7 BDF 41 # 1 # ( P<0.05);
[FET, MC AUBCER BT T AR 325 2K T CON

M Actinobacteriota

M Firmicutes Patescibacteria
Bacteroidota @ Deferribacterota
M Verrucomicrobiota g Cyanobacteria
M Proteobacteria unclassified k norank d Bacteria
Desulfobacterota g others - -
T s == I == =B
0.8 |- I
B
% 0.6 |-
®
g
0.4+
0.2+

CON MC WDF BDF ODF BWDF

mE 6 Fos, EEAKCE L, INRIGIE LA
B EEARERE A e 2 JE (Akkermansia ),
norank_f__Muribaculaceae, flfT7% )& ( Bacteroides ).
MW E ( Faecalibaculum ). & # -3 B8 1 )&
( Escherichia-Shigella ). %' i} 4 /< 1% ( Romboutsia ).,
FLFTH & ( Lactobacillus) 45 (&l 6A )., 5 MC 41
It % , norank _f__Muribaculaceae #1% ¥ i /&
( Alistipes J#i X} 3= 7 WDF 4 ,ODF 41 il BWDF
I (P<0.05, [ 6B~C); FEATH & L WAL
B FBEAE Sy WI7E BWDF 4181 WDF 203/ (P <
0.05, ¥l 6D~E ); Lachnospiraceae_NK4A136_group
AHXF 2 B 7E WDF 2H . BDF 41 fl BWDF 41 rf i 3%
Hm (P<0.05, &l 6F ); MMi4l4t 14 )& 7= BWDF 4
B EEAR (P<0.05, & 6G).
2.4.4 LEfSe ZHWFh2R /bt
FHAESESE % Kruskal-Wallis F& IG5

Fl LDA A4 =B R0N R/, FIA LEfSe
15 5 41 db/db /INEZ ] 1) i 35 22 S ) CLEfSe 43
Fres s anid 7 B, db/db 20 BA B R BRE
FEAES 508 TPER BT 1R 5 & 1 )& . WDF + Jiilf5
PR s TIHLEEERTE R ( Peptostreptococcaceae )
M WA % ; BDF X+ 24 R

- 80 Firmicutes 80 Bacte;oidotg
= PN a9 T a
i 60 geor £ ?
kN
240 1740 95 ‘
-EZO 202
0 Oé CRIRI
& SRR
D 20 F/? ]i 8 Actinobacteriota
15 = N 6l 2
i #
#10 #4 b
B sty Ez T be
Eoébb b b ES —é%c.lchbCQ
0 —_ 3
SO IKR 9 QL8
STLLLS FEIFSS

H: (A) TKFEAR; (B) Firmicutes; (C) Bacteroidota; (D) Firmicutes/Bacteroidota; (E) Actinobacteriota.
Notes: (A) Horizontal composition of phylum; (B) Firmicutes; (C) Bacteroidota; (D) Firmicutes/Bacteroidota; (E) Actinobacteriota.
5 BAYESLFLES db/db MNRIFEEETKFAKKRM
Fig.5 Effectsof cereal dietary fiber on abundance of gut microbiota at family level in db/db mice
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e (A) BAKFHR; (B) norank_f_
NK4A136_group; (G) Bacteroides,
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A LOF M norank f Muribaculaceae
I Bacteroides
B Akkermansia
mE M Faecalibaculum
0.8+ — " unclassified f Lachnospiraceae
- . M Romboutsia
Blautia
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Fig.8 Correlation analysis between gut microbiota and metabolic indicators
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