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Abstract

Metabolic disorders such as obesity, type 2 diabetes (T2DM) and dyslipidemia
severely affect human quality of living and health. While conducting pharmacotherapy,
effectively preventing and improving these diseases through lifestyle” changing
especially dietary control is of great significance to enhance people's physical fitness and
to alleviate medical pressure.

This study is to explore the effects of dietary intervention with quinoa and oats on
metabolism and intestinal flora in diabetic model mice.(db/db), and to demonstrate their
intervention effects and potential mechanisms in metabolic disorders. First, we dissected
the differences of nutritional components between quinoa and oats, and conducted a
dietary intervention on wild-type (WT) and db/db mice with either regular, quinoa-
containing, or oat-containing.diet. Then we compared some physiological indicators
including body weight, fasting blood glucose, serum lipids, and morphology of liver
from different mice/groups. At last, the intestinal flora of mice upon the different dietary
interventions were analyzed to demonstrate the possible mechanism underneath these
effects.

The results showed that compared with the regular diet group, both the quinoa and
oat diet groups improved the body weight, fasting blood glucose, and blood lipid levels
of both WT and db/db mice, yet the improvement was more significant in db/db mice.
Among them, the quinoa diet group had a better ameliorative effect on various metabolic

indicators of mice than the oat chow group, which may be related to the lower contents



of fat, sucrose, and dietary fiber in quinoa compared with oats. Meanwhile, the results
of intestinal flora detection indicated that dietary intervention with quinoa and oats
significantly altered the intestinal flora structure of db/db mice, they remarkably
increased the species and relative abundance of beneficial bacteria in the intestine. This
may be one of the mechanisms by which quinoa and oat intervention improve various
T2DM symptoms in db/db mice. To further explore the potential causes-for differential
intervention effects between the two cereals, we collected multiple:quinoa varieties and
systematically compared their key nutritional components, from which quinoa strains
with higher fat content were screened out. Subsequent.studies will analyze the effects of
these quinoa strains on glycolipid metabolism'in db/db mice, laying an experimental
foundation for further exploring the underlying differential mechanisms and conducting
relevant verification experiments,

In this study, we compared.the intervention effects of quinoa and oats in diabetic
mouse models, and our results provided evidence that cereal diets may improve glucose
and lipid metabolism,via gut microbiota and revealed distinct regulatory effects of
different whole grains on metabolic disorders. These findings not only offer
experimental data,and.theoretical references for dietary adjunct intervention strategies
of type 2 diabetes, but also provide research ideas for the functional evaluation and

utilization of characteristic quinoa germplasm resources in future studies.

Keywords: quinoa, oats, db/db mice, fasting blood glucose, blood lipids, gut microbiota
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2.2 BB PRI 5 R ) 32 BT B

R 9 AT g L A0 A SRR AN B G, SN2 ) 2 5 B0 Co i I 2 0 XS
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D% 90 %FEF AR 90 %A B

% (@ 90 0
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CaCOs3 (@) 0.5 0.5
ik (g 0.5 0.5
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T TEAX QL-861 FMR R S & A PR A 7
HEAE DHG-9053A g EREEA A A ]
I HEAL Accu-Chek Active ZIK, it
4°C B LA 5427 R Eppendorf,; 1% [
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TFR R, RSN RIS UKL BREIEARTG G, KT
e B B RUR, AR R N B EORE R OK

3.3.2 /)N Bl A5 M I 1 00

K /NRYURALEE 8 h CIWIZKD J&, I 75%I10 P9 KS Fif BREE L/ BP0 A T
AR o I K B AR/ SRR AR AP AS i F 2K el B B T B 25 /N AR 20 0.5
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H 0.5h EFH U . 4°C 3000rpm 50> 10min Jg 8 LiER GEREAZER R
BEWA G , RN ST MG, 75235 F-20CHRA7, Bk ZHRm. 25
BT 4CRERAE A

3.3.5 /)N BRUALYA A IR S A 3 1 CLDL-C) iRl E

K FH B 3 A L 8587 & (Elabscience, E-BC-K205-M) g . %R &
R AR SR, e . (96 FLAR) -

vl A (D | KHEFL (uD FEAFL Cub
ddH.0 2 0 0
R 0 2 0
FEA 0 0 2
R1-Cik 1) 144 144 144

LR GRS, BB E T 37°CE F= 46 R IR & 5 min,
K FHBE AR 546 nm AR B{E, 16N Al

R2 Gi&5F) 2)
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48
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T IRARIFEAEA T LDL-C Ik E, HA74 mmol/l:
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3.3.6 /MRUMIE FmEE G E H (HDL-CO HMlE

HDL-C [l € K it 745 LDL-C AL, B3940 B b ik 71 &
(Elabscience, E-BC-K221-M) iz, RZBFbn{GIE RN 600 nm Ak RN 6 R
A600,

3.3.7 /N RIS A Se e DL K e T A A A0 e

¥ 5 B SRAE 1)/ BN /M B 10 R E R, AR/ RUHFIE 5K 38l
EEZTHEP &, BT-80CLRIF&M. RIS G B E .

FIH SDS i USRI (I 36 FH 2L DNA, @i 5 5 14 PCR 71 16S rRNA
(11 V3 X il V4 [X (PCR 51 A R , SCEE IR e il 505 -5 00 7 204
[ T A3, 3572 B AL 5 T AR BURRH A A BR A S B &

NV S H N RIGIEETET o 2RSS B BHMEER, AWFAFAH QIIME
1.9.1 BAXTI 3 AT R MDAV 45 0 HTe. AL, Shannon #5445 Simpson
BEH T RAER—HEANENE 8 RSN, it o ZRMRHME; 2T
B UniFrac (weighted UniFrac) #h &4 PETFRE F 4845704 (PCoA) , JBIR & AFE
AN ) G RV SR AR 2 5, DAMATAN B 2 ARk, PCoA AAbmfliH 75 32 ik
G305 LR E 23 EUARZRAZ YL FE eSS MRRE IO RE AT VR S8 e LU, FEARAE 4k 1) (1Y)
PRSI, AR N R AR S AR A B S B S, RIS B R B 5 R
YE43 25855 (Operational Taxonomic Units, OTUs) KM 5WFh 7 201 Rk, 3
THRRSGR, KA FREZRZG TREAR (WT) K do/db B8/ R 7 1E
fAEY) OTUs FFEHFE, RIS A LEfSe 59 (Linear Discriminant Analysis Effect
Size, ZeMEHIBAHTREE) ZERIM . ZFEEIKFCLIEH B 08 (LDA) 5%
RHITRIN E, Tk EE AN X SRR EY . BGOSR KRR
OTU /- AiriE, Zeibl 45 B Kl % TAE b m i R BURRHE AR A PR A 7 5E B

3.3.8 SLAR ARGt b

AN RARE SRS S IR FE bR 0 Ge v 45 R E T AN E Hr ik
% (X48D) , AEbEIGEAE & ) Excel FFESTHEH . K B 2 2 501 W
ZH AR BAAAEG I F 257, Tukey fude T2 RPN LLEL . SRS UUREAR T 1
¥, *: p<0.05, ZRZE; **: p<0.0l, ERREE.
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4, SLIGZER

4.1 ZE 2 RIFHAE oy B LA

B 32 R 27 DL LR 4 T R A0 0 R RS 97 00 O I B84 A5 1ok O R
e N TG HAE R ThREE & M I Th A, AT @A R AR IR (7 )
AR TN 3 ) F B AT T IR . S5 Rk 4.1 B

Hie, MNEBERZEMKRE, ZENEARSEAN 14.19/1009 5, KT #eZE
(12.0g/100g) , HEIFE RECH 6.25, & H ANEUL T EAERER, HiEHHE
ELS A SHERELEN YR PPN - N

Hw, IWNEWZmKRE, ZEZKNEN &% (6.20/1009) B BAK T ##
(10.69/100g) , H#es F 45 1.649/100g FIELAN i s T 22 3 B 44 i iy S 501K

F=, WKW EY &S KE, MEPERE S 25 1.19/100g, A& 50,
RIS, MR P AR RE R, DR bt IR S s R 2 i B P 2%, BE & A R PR
BEENERILEE.

R AL HEREWITE TR L

/K4 (g/100g) 12.1 8.8
HHF (g/100g) 14.1 12.0
HEi (g/1009) 6.2 10.6
FHET4E (g/100g) 1.5 12.3
K4y (g/100g) 1.9 1.5
5 (mglkg) 442 380
fé% (mg/100g) 394 272
5 (mg/100g) ND 6.8
AR (g/100g) ND 1.64
JEME (g/1009) ND 1.1
FHE (g/100g) ND ND

% HE (g/100g) ND ND
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E0, NI &ERE, BEARET Wrifts ERIWR T, HEE5E
(442mg/kg) /= T ez (380mglkg) » 1 7 B (3940mg/kg) izt i e Z (2720mg/kg) »
P L B NATR K, AT a iR 4Ed .

WAL, MEELGYORE, #MEEEaTYEiL 12.289/100g, M3 A0 41 4L
1.59/100g, #E=Z ) iyl £ £ 4R K514 56 0] T 7 18 i 30 S5 1 IR G 7t

kUL, BERRIESES. K. TYRFES, AR S,
NEJE AR PR AR, LSRR A 705 7 HAR BRI SN N s (A 22 e i
aeE, Y, BNRMTAREERS =, HEL4E R IR IR S i A 1E 5
=, EHTEUCEME. BRI AHE

4.2 ZFZ N2 R 25 PG db/db /) SR A4 5

N T PR AS [FE B TR0 /N R B s, FRATRRE RS 7 — 5 1) 7
W WT LU db/db /N EREEAL S =41 H s FROMRZ (W R4 . 90 %227 FURR 4.
(BB DL 90 %odie s AR (Fie 2D M2 %% 5 HUNR, 45 TR ah Tk
BFACA/ESE — ], B 5 &R e i R E R E, B3 6 )5 T g

MEERIL, FFEYIE, WT /NRAREEY, 730G, FEMIERS . B RSt
i db/db /NI B BAERE. 2 &2 IR ATHIBE HERESL. TOEHE. Hafk
Ui, ANEON SRR OE RN RAF KRR, WIRHECIET L, KL
B R T T A 252 ma  NEIEF R AEKKE .

S0 45 S0 WL, (ERPEET R AR, S R4 ER A /N B A B B K AR A
B X A (B 4.1) o %, SHHE4 (db/db+3@) AHEL, db/do /N ERAERE K
)5 (db/db+ZE), B AGREST. B, HEHEAELZRETHEMNE—H
BP S I B R AIREAC, BLREE T R)T, Fik s RIS 0) NI%, £ 35.59% (&
4.1A) ; THAEZE T db/db /N (db/db+3HESE) FRAK B 78 T HEF Tk BT = A 38k,
B2, WG S0 R ) Z 0885/ (B 4.1A) o THAHXRL,  WT
INRAEZEE TIE AWT+E ) R E KA SE (£ 11.18%) , ImfK T X R4 (WT+
W), EFMFEEE AW do/db /MR (B 4.1B) 5 TM#EE T WT /MR (WT+
HESE ) R A db/db /> BRARBL, ACAE T TR H = I T X R AL (W T +338),
MUY S 46 2 S A B 3
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db/db-iiH
607 o abran- %
¥ dbldb- #iF
50
& |
. 40+ [ ‘
» —p—t
30 *Hk * kK { l | N JL
el & *kk
15 T T T r 1 20 r r r - '
1 2 3 4 5 6 1 2 3 4 5 6
ifE (week) e (week)

4.1 B M T WT 5 db/db /)N B AR E 15210
FEFZ LT FU WT /N (A) DL db/db /N (B) AREEIRIM . WT- 1538, XFREZH, i R
FRAAFE WT /N, WT-3, M3 T WT /N WT-2E3, 23111 WT /M db/do-3%
i, ol FRIAFRM db/db /N, db/db-ESE, #EEE T TN db/idb /MR db/db-2ESE, BTN
db/db /N . B2 5 E RO LLEL: *, P<0.05; **, P<0.01; ***, P<0.001; i 511 fURR LL i
#, P<0.05; ##, P<0.01; ###, P<0.001.

EIREE RV, LR R AL R 2 AT WT . db/db PR/ BRI A o
db/db /N B 1% I B R, ARG RS BB B G . SAEEEMLL, i
THE R BN AR, (BRI LW R, Xl fe e g A
HE 5 R A R

4.3 ZE A A Rt B 22 R IR 14 52 i

B PR ) 2 BLRERR R = 0%, anqeT A s ) PR B RS e IR, X Tl FR o7
B PR HA B N TN R TR ST LA WT 5 db/db /)N R
()25 BRI RE (fastingblood glucose, FBG) , FATTXFR & T Hilr) 54/ AR A 1)
[E6] 5 NF ) 46 A7 25 1 1T ) 0 2

ME 4.2 g R T LG, e T 5, AFZHE K db/db /N B 1) 2
MBS W 25 (p>0.05) ; HEEERETHRZHAT, 5858 ERE db/db
/IR _Cob/db+3E3E ) A EL, MR A K db/do /N (db/db +ZE3) ()25 i IR i 2
BEAS, BERELIEHN (p<0.0D) . MEANHAE, S5HEMEARTHIN do/db /) EAH
Eb, db/db+22 32 /N B 25 I8 IR BRI T 30.89% (&1 4.2B) o BtAh, XFF WT /MR
&, BN EWFE T A T R, (AR T 2222 &1 db/db /)y
BRI, 24 14.09% (K 4.2B) .

AR, 550 ER (do/db+5@) AHEL, #eE TR do/do /N (db/db +3H
) IR A K, HERALE (K 42A) . XATRESHE h A
P& (1.19/100g) , SReERE, AFT db/db /R IHE FIFRE
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A - WT-i B

127 & WT-iis 40 - dbldb- i@

Q A W% ’:,\ dbldb-

= 10+ S 304 -w dbldb-##

g £

g ]

S g S 20- f

= g ,

= = — |

= 6 T Rt S SRR .

)(,_ ,:'\j_‘ sk kK ok *k* *kok
4 T T T T 1 0 T T T T 1

1 2 3 4 5 6 1 2 3 4 5 6
ifE (week) i E (week)

Kl 4.2 2R T i) WT 5 db/db /) B 25 B IR 1) 52 e
FAE TR T WT /MR (A BLE db/db /N (B) Z3 IE IURE AG s4ma . WT-53d, XJREZH, %
I R IR I WT /N, WT-E32, #e32 T-HlR0 WT /NEL; WT-2E38, R THii WT /MR; db/db-
Wi, i ERTEFRR db/db /NER, db/db-iESE, M T dbidb N db/db-2ESZ, T
) db/db /MR . 5 EE B ELES: *, P<0.05; **, P<0.01;-***, P<0.001; #d 53 5H RN
teig: #, P<0.05; #, P<0.01; ", P<0.001.

B, BB AT LAREAG db/db AT WS ER 2 AU, JTHGZ X T db/db /)
B, AL TR O 1 R MURAEAR; T e S T 0 A (R S i A 2

4.4 FEFZ NS T 19 4K db/db /] Bl I i 7K

EE B FIESE, MU PR R, seEIiA SRR,
TRANURAEE S A 7 B A PR R, 3E T S 80 A s 5, Il
B PRIREAR o B PRI S ML REAE s A AR B, P DU AR 28l . R
52 B ERAT T B XA RER PR EISOR” R R, SEINERS, REUEK
i XU 2 3 . FEAL R I OCEME, I 2 YRR IR R ELE S, BE
B IG IR R o 0 B U 223 A T 1A FRAIK db/db /N BRIUBE I [FI, J2 15
AT DA L M AR PR, FRATTER A T =R BT HUF WT A db/db /N BRI A&
PR RS (TCON B =g (TG) « k% FE AR (LDL-C) A K fy %% F5 A [ ¥ (HDL-
C), LM ARMAR L, 45 R 4.3 Fir.
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A % %k k B

5 ekk ok : ****
****
4~ * e 1.5 I
3 | /m - 3 1L
3 5 3
£ € 1.0+
E. £
0.5
14
0- T T 0.0-
&ﬁﬁ&ﬁﬁ &w’*&&ﬁ&
4\ $ 4\ \50805060\“? $ 4\ ~x\.o\gaa;o*;o&o\&>
C D % % %k k
2.0+ **** 4 5 ok %k K
****
1.5+ 1 3 * B
g = 3| T 2
_g ©
£ 1.0 E 2
& 2
0.5 |-Y-| ’J—I T 14
oo—j 0- T T
i@&*ﬁ&oﬁﬁ &v‘*’*é’&ﬁ&
ST 8° S 8°\b S 4\ 8°\ b\b

4.3 FENBEET R WT 5 do/db /s LG i 50
BRI T-T00 WT /NG AL db/db /N BRUS IR EE CAD  Hl=EE (B) K% B2 & i
(C) DA% FE R [ (Do) %ﬁuﬁ‘é?‘éﬁﬁ% . NRMERFIE 4.1, TC, MIHMEEE, TG, Hih
=MW5; LDL, {REFEMHMERE; HDL, % BEHEEE . *, P<0.05; **, P<0.01; ***, P<0.001; ****,
P<0.0001.

BATRI, 5 WT /NRAHEE, do/do /N R IILAE & 2 53 TH ey T35 T 10
J&, db/db NI A TC (K 43A) . TG (@4.35) . LDL-C (H4.3C) K&
HDL-C (E4.3D) & &5l R A BURMEL, 5 B FIC (P<0.0D) .
£ WT /NERI S AL BN, ZEE2 G AR 3 B /N RRUALYE TC (& 4.3A)
J%LDL-C _([& 43C) /KF (P>0.05) , {HTG (/& 4.3B) f1 HDL-C (& 4.3D)
(2 & 2 25 TN % (P< 0.05) o 538738 FRURR xS REZEAH L, 822 17506 F WT K db/db
7N BRI 52 AN K

XAz AR, BT RAT DA ) ek db/db /N BRI G e, Ul EE S
AT DA SR8 PR FH s I A AR g AT IR E A P o £ 4
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4.5 FF2 Migezz T e db/db /I B AR I HHRE IR

LR BRI RS IR UEAE AR AR RS VEAR W T, AR 7 PR ) i
T GEHE PR BRI DU AR R 2 — . N TSR & 100 db/db /) B
FE sz, BATHCAL TR L 2SR BURR DA st A RO 57 BT 2520 BRI Y
s WINMKE, WT NS R WS, Fbs), BEREES, 6
FERELL, AMNEWOEN: S22 A, dbido /N RFIE R R, e,
A B, T AR, RIAOGE, AREL WT /D RIESER (18 4.4)
BET5, db/db /N R AFIEARRR G/, BIEARLL, SR WT /N e
T T WT A db/db /) 53T AT — € FEMH, (HACR AN A2 52 0 25 (] 4.4) .

WT -+ fitt WT+E

WT#%i%

5 Cl
g

Kl 4.4 AFRRETFTE WT 5 db/db /N IEAZRTE S
S8 AR /N SRR 2 AR DL RN 4.1 B R EEARER 3 em.

XA SRR W, B2 AT LASSGE R R /I BROIR W FPREIR A oy — iDL (4
CACHE R PRI AR ) 0 B T

4.6 Z2 72 Mgies2 T TeAL db/db /I B iz T8 TR 45 A

JpiaE AL SR PR A s AR B VIR R . AR AE R, i WA s, A
R o TE T IR T R, RIS R T DORR, 51 R B4R 2L,
SR M AR IA, Sy T AT R 2T R db/db ANERRE . LR R RTRENLE], -
T T ARMRBE T WT & db/db /NELRISEAE, S80S 16S rNRA I 5t
BT 750 AT, A 045 R LR T2 T 97% B AR 5 8 — MR T
(operational taxonomic unit, OTU).

B, BATFIA Shannon FE%LL K Simpson FEECH AR & T F A /S 4L/ R iE
AR ST T o 28RS (B 45) » g RER, —HRET Xt
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F WT /MR Shannon F8E2mi Rk (P>0.05) 3 %F db/db /NI, S R4

(db/db+¥%38) 57 2H (db/db+3E ) f) Shannon T‘éiﬁ%éﬁﬁ%ﬁ%ﬁ (P>0.05),
HAE T4l (do/do+3E52) SxIR4L (do/db+3iE) « #FEH (do/do+iEd) L
Je =20 WT /MR [ Shannon FE %A L, %‘Q#EA%‘ (P<0.05) .

A B
b b
- L. 0.90- c, © bc
6.5 == |
b . — =
5 60 b 5 0%6- =1
i = B < T @ |
§ 55- - B e -
= o
5.0 - 0.84- -~
|
45 0.82 —
S o S P b > F ‘%x S i
x¥ o o
& ap\° v\&) T PF 98 g O

K 4.5 ANERE T WT 5 do/db 2N SRz iE A B o 2R 04
ANEALFE R ) 6 41/ B Shannon 458 (A) 2% Simpson 5% (B) . AN /NG B % P<0.05.

0.2

WT+ i
O \WT+ilki 4
WT+%2 4
® db/db+% i
@ db/db+lE 4
® db/db+%2 4

¥

01 ob g4y o2 0B
PC1 (36.5%)

»_o
.
-

0.1

PC2 (15.36%.)
0.0

-OI. 1

-0.2

K 4.6 NERE TR WT 5 db/db /N SRIZIETAEVIERE B 2% 08T (PCoA
FABR T
AEMFET 6 20/ ) PCoA 23HT. PC1 1 PC2 Z»ilfiEfe 36.5% Fl 15.36% MIZZ R . ANFEFith

REAF LI, Wy 95% BAEME, AFK/NG 7B P<0.05.
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b5, R T ARFEAS F AT W0 B 00 /) B T T e A B v a5 i AR
TATTRS 20N SR B A AT 1 FE 865704 (PCoA) o Herb, PC1 5 PC2 73l fi
B 36.5%711 15.36% I i WS AL 57, RIHFREZIA 51.86%, BEWSHUT SR FEA
] B B A 72 o A ] 4.6 o, WT /R db/db /)N BRZE PCoA B 43 55,
BRI AT DX 22 e 235, SR A I SIS /0N B T TR A 0 ) B 2 AN (] 56T dlb/db
NS, HFlEe, M TSR TR & A X 2257
2, PR TR R 2 db/db /)N BR R EL I I RS . A SRS, db/db
BETPH (db/do+%E, 20t) 5 WT ZETTA (WT +3832, ) WA
FEZR ] B pAnARiE . BRI E ST m, R ZFH KRS AR XAl a2 K
RNEFFET G, ABEELAL/IN R0 T8 RV RE S R D BB T A AL

PLEAHTRIE, 5 WT /NRAALE, db/db 7N 5 778 BB SE A7 0, T2
2 TSR AT A RO S i W RS s Hodh, 252 Tine e B3 g db/db /)
SRR A 2R ELIRAS, S 3L il B A 5 4 m) B /N SRR T TR AR AR A

bEJE, A TR LEfSe Bk (HARMBOETEN. 8.3.7) FE /N E T/ R
FR) G A P o A L TR 22 e ) A ke, TG PRIE D LDA #5370 KT 4.0 45 R an
4.7 7, LDA 3 #1idiE H T 46 4~ OTUs, dH i db/db /)N B A X HEZH. (db/db +3
W) H 74, HETH (db/db +3E2) F 134, FETTAH (db/db+3) F
44 WT /NREIXHIRE (WT +5d D) #E Tl (WT +#e2) 5383 T1id

(WT +2232) 4390 24>, 16 NFT A Ao PR R T, IXEHAEMMNET 6 4

ANFEHTT: Antinobacteriota, “Bacteroidota. Campylobacterota. Deferribacreres.
Firmicutes P4 /% unidentified Bacteria. 7EJ& 72821, £ SLU6 /N fRZH B A7 5
PR A . H B AT % B (Helicobacter) 5 Alloprevotella (FUAFE 7D
v db/db i ta kLA R R B s FLAT R B (Lactobacillus)  Mucispirillum C(Jit
BATE ], Deferribacteres) DL} Faecalibaculum (JEEEEE]) J& T db/db+iEZ24H
Hre bR E#E; Muribaculum 5 Parasutterella U2 db/db+# 3 H I #E. 4
Pk L, dbldb. +dte 2 40 db/db + 22 57 20 (1) i 18 A ) 3 A LR T
Faecalibaculum, Mucispirillum. Parasutterella PA & Muribaculum, #iff 703 0H, iXu
AT PR EREACT, TRES 3 AT DR )N BRI A O

N T AR ETIEL T, WT 5 do/db /N U R L R ) 5 [F] A5,
PATERS 7SR B TP/ BB AR OTUs #E47 1 L4 7 4 B . i
Kl 4.8 Flrzx, = A4 db/db /NI 2] 387 M3 [H] OTUs (& 4.8 A) , HArxt
FEZH (db/db +)  ZET (db/db +357) H#ZF Tzl (db/db+3#EZE)
BT (1 OTUs e 21, 33 5 5;  db/db +3i8 5 db/do+ZEZILH ) OTUs
N 4324, db/db +iE 5 db/db +3E 2 3L 456 > (K48 A) o X =4H WT /)
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ok, HILHM OTUs v 456 4~ (& 4.8 B) , Hrxt

fE

N

HO(WT +3%E) . #

FFWHH (WT+332) 5#HEZTH (WT +33E) FriE 1 OTUs B3
53. 8 52; 1 WT +i# 5 WT +Z A1 OTUs i 486 1~, WT +id 5 WT

+3E 373 430 > OTUs.

f_Erysipelotrichaceae
s_Lactobacillus_murinus
¢_Clostridia
p_Firmicutes
g_Bacteroides
f_Bacteroidaceae
o_Oscillospirales
f_Ruminococcaceae
o_Lachnospirales
f_Lachnospiraceae
s_Faecalibacterium_prausnitzii
g_Faecalibacterium
p_Actinobacteriota
s_Bacteroides_vulgatus
g_Bifidobacterium
o_Bifidobacteriales
f_Bifidobacteriaceae
¢_Actinobacteria
f_Muribaculaceae
o_Bacteroidales
p_Bacteroidota
c_Bacteroidia
p_Campylobacterota
o_Campylobacterales
f_Helicobacteraceae
g_Helicobacter
¢_Campylobacteria
s_Helicobacter_typhlonius
g_Alloprevotella
c_Bacilli
f_Lactobacillaceae
g_Lactobacillus
o_Lactobacillales
g_Mucispirillum
f_Deferribacteraceae
c_unidentified_Deferribacteres
o_Deferribacterales
p_Deferribacteres
g_Faecalibaculum
s_Faecalibaculum=rodentium
s_lLactobacillus_reuteri
p_unidentified_ Bacteria
g_Muribaculum
g_Parasutterella
f_Sutterellaceae
o_Burkholderiales

CI WT+im

[ db/db+ii
B db/db +iEH
[ db/db +#i%

K 47 DFRIKEFTE WT 5 db/db /)N U7 TE A=Y LEfSe 34
i LDAVE A KT 4,0 TR (1R AL BB RAE R REEAT LEfSe Lk, BRFR 44 FRBIZE P
[ e 0 ANFIALEN R 9 OTUs IR o, et . S5 i AL/ B 2 L1 L

K41,
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K 4.8 ANEKET-H T WT 5 do/db /R JmiEsAEY OTUs = B E 4 #r
EERERRGE T dbldb MR (A K WT /N (B) B BT IE4 OTUs /047, 133158
B, RRIACE R [/ B 0 B B R B T

ST FUIESE, WiE A VAR SRR IEASAL vl TR] R B0/ BR AL A A 2
IHREMIZh A AL o« FA Bl Wn 22 T35 » dbldb /) BRUIE A 1 2 FE
CAR R R A T A, wl R R LA db/do /N BRI PR BRI, A L
B E B R 22—

4.7 ANFIREZE i 2B TR INID 22 7 00 B 22 S A R ot )

WEFLRH, VIR AR & MR L S LA RE R RS . il e A A A
HIHYIM K YRR PR 2 ANEANEITER . Jeva vt s, v i
TV SOIE SR | SR TR S B AU, A W PR AR L /) B IR i i i 230024,
(RIS, KPR i 2 B ] B e k- A PR S B e, MoK AR = T
RS VRN i & R (ERE 3V i i | i) ) iy ST [T = et [ P v R ]
R BT I BT SN I IR B R AT U, AR IR I 4 70 P e 7 P A e e
J&, At ra B e W IR A A P D A A, W T R A il R S A R L
ZINSCIRUESE, A WIHE T (R OR & 22 57 7T LA e R £ 1 T i s A e 7
55 TR RV 42 R AR 2 X e

RISYI KNS R R o0 0 B A B » e 22 o i R R B AT T 22 52 11 5 Wi vt (3R 4,105
R, FRATTRI LS B 7 2SN T db/db /)y BURE AR ACS FE A 1 et RORAR T
AT, FT i, JATR I —F AT g AR A R

N T B T R R AN PR S R A E R R R R E X T do/db /N
HEAR AT PR ZE R I AL SR A 2, BATICER 1 2403 B AE L 2R B N )
R AR AN R A2 52 i RO FIT R R G0 E TR o 33X b 20 M 25 ds 2R U
FERLTYE. WOKWEYERLWE FRIEbS, R IGE H AE I & BAr R B R 22 7 1Y
BEFI AL 7 Bl
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% 4.2 FFRE R RERBO L

wAR  HE 5 B B il i £ 4

i o 44 .
(%) (%) (mg/100g) (mg/100g) (mg/100g) (ug/100g) (%)
sl 15.4 6.7 51 6 25 2.8 11.38
=¥ A= 12.6 6.1 198 30.8 2.7 4.31 1032
B35 15.1 5.8 158 6 3.1 2.4 13.21
=F
% fadk 14.8 6.6 211 5.7 2.1 2.7 9.77
‘5‘
=HF 2
i fadk 16 5.9 100 5 3.1 2.1 9.18
Vil K
i fad 14.4 5.8 190 6.5 2.6 3.2 12.08
=4
i fad 14.4 39 130 4.4 3.2 2.2 8.51

SRR 4.2 Fon, A IR R E RAE TN PAAEER . H,
WA 2 SEAMSERA (16%) , B32 SHK (12.6%) . fEl& =M
SRR, K &2 1 SR & & e, N 6.7%, HUGEH =M% 1 5(6.6%),
M =M 4 FHEMRAC, N 3.9% . JEZ: AR I % 5 FKPARIE . AU & &
EZRPEMME (B 1 55F=MAF 45 BT do/db NRAIEE T HSLE,
B KFR B B VR IR A B A R T, R & B0 22 22 AR+ T
MR sz, M — P IR UEFER R I & R TN W A R RE . R 7 1E
BRI R E R R . %% 5256 B Ar /AT .

bRk Z Ab, &RV REEAEFFAAEES . G2 2 59 Mek.
TERE, HEMEL SEEERE; BEA4EN T 851%~13.21%, &# 3 Tk
Y, AR 4 SRIK.

5. i

UK S A AR A A AT AR SIS BUIEIE . B8 PR S i A =y, X
A 2R, AU EBRFEMAERE, Rt R, A RIF
JERVETI, B HACHPR R IEEIN . RIS AL P A 2 o0, HAAEEN
MR RROME S AL AR S F AR _E5 F fE 78 om0 259 1 24
MU« R B RS 2, IXLe25W) AR B YT 2 BARAEFRREE — LA
RAIRIER, XBE R & I e R R ACRE I I RCR AR N . BRI, 354744
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Wiy AN E T, CHERSENRETH, CapouhE Rp a7+ &
HMFERZ

T A E IROE . MR TR R, B O O8N H IIE IR
F TSI SO R IR AN (AN N JLEEAIER ST AN 52 1 LA B AR 12T,
SR, 324Dk, 1 JC SR EE R WA R A a2 nT AR D 2 RUBE PR (T2DMD) B
LRI E TITBG 1 eI SR S o 75k 2 50 vy T L JBR
5y ZARPT LU = ML (4 D RETF g A FvE A2 RO E PR, X T a2 . By
RSO BAT BB IR

do/db /N EE A LR S IRIAE IR RS AT (IR R 7 AN AR
FEVERRITVERTR (NAFLD) 28387, 5 A3 T2DM BPERARE. & H Al H (R
PRIAETY B o AT 78 BAT 106 P -E Rl B RREPE db/db /)N SRR FERT R, MAAER
MU S e B I8 S A8 T LA T TR AN VPG 1 AEF AN 2 OB T Fil A 72 15 g
SR fift FLHE PRI REAR o

PRI 2 22 T 5 B s A A R 1 2 2 i fr bR R 281, SRR AR, M 3E
2 v 4y B HH IR AR E Y 2 0 BT PUIE IR (R VR AR, RIS, 2252 AT FE B (G D
BY), HA SCERE R RV B0, SR, B G R R AR PR 51 i A A
JE LT R S ROLE R OR B B . BRATVIEE SRR, 5@ R, LR
BT 6 JA 5, db/db /NI BT 2 A, R EE AT LAAT R IE AR IR -
PATEIL, R RO, ] RE /N BT AL R . DRIV R IR ek it £t
BET S EA E . [RIN, AERZEMRIRIHS S, db/db /N B VIS BT
HE5 WT /NEAIL, RITRZIREATREZM 1 do/db /M 2 BEIR. SIEA
A, ST do/dbwds B FLEMAN K, AT RES HL RE R A U & = A %

e MR B PRI Y BOEIR 2 —, VEOABR T B T-1, 75 2 REAT e
FEI N S IRESE -« BATHIE FER W, 222 T db/db /) 5 IR AT I 5k 238
HN BB W] i, TR St Ay i, ik DUEW] 2222 m LAy Th g
VERdh, SRR LRI BASBE PRI DG HOREIE < A BE i B 22 S E IR

W FER W ALHE . NAFLD. 1% bR S5 AR I K 2E AT RES ZE AR A i T
FESS () AR SRR AT HRE U I R E A BT DUt i3 h B A 3%
RIS, IETTEI T2DM ARSI S LR 5E 7 AR VI IR T A AR AL . S0 A% i S 00
R, PR A AT AR O B B SR ORI, BN s R
B IR R S5 A2, AT REZEAR T2DM RIRER B &Rl R AE B2 31
MRETRA WT K& do/db /NSREEAT 1 ITE R 2 AEIE T o ZHEPE AT 4,
KL, WT DREEBAREE o ZREERGS, HADRE, Mo e T
XH o ZREPETCR W, X T db/db NS, SR, T
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TiiJ5 Shannon F1 Simpson FEE35 R 2 N, FREIZT U2 PG T H 7w w i
1 o ZFEME. Mk, ZETHNEZERA 7 HER o 20, LTS ER
(WT) /NI o IX 255 AR B 22 3 0 mT UA 208 2 db/db /) BRI
BEESHAE. MEHATE B ZRESHT (PCoA) ox, WT A1 db/db /)N LI i
ARG AR EZR, HREFVNRED R E TR 00w A R 5
B, (HELZTTREREIRI do/db /N RIGIE R B 2 FEE, R0 R e S5 44 [ {g
FRIT WT /NI, AHEEZ R, #Z2 TIPS T db/db /NI BRI BESAEE . x0T
T WT /N, BT IO H B 2 A A R, (HEE R 2 R H R A . 45
& oo B EREMEGE AT, %] db/db /) BRI i B A AR RS E A, BERT
P BEREMIFN ZREME, NRREE A BB IE 450 M AR PR A Y R P R A
IR TR RN, 38 I 22 AL OR AT R S A S S 7 A0y (IR - B B 474k
LY RIZERADE, X AAHE 7R U S A R S

VT AR FEUE B B A ) SR 2 5 S DI . B, B I B AT LA
ARk 28 S 1k B RN 45 i 28 1 R AR 128, LEfSe 4» Hrsdil], @ik &1 db/db /N
AR R R IR AT 1, R B S5 I B R R . — ik, IE
W NRIE A EE K EILARE, i ILe Parasutterella (B-AR LB ], 2%
PR T T D AR £ AT LA E Parasutterella 75 & o KK F#AK, H
UEHE R B Parasutterella 7K1 1) T F& 5718 12 1t #RE % VIAHOC, 900 Parasutterella
X LA 3 R TR M 18 P B AT A BT R R A 2ORE R B Ok, iR
WL R, J7iE A Muribaculum. = & ¥ B AR B 7 20 B T 52 B8 0 R B K 90E IR BE
()R AEARAE AR, fEARsLIG , FRAT1A L Muribaculum 5 Parasutterella iX % fh
P E 22T T doddb /N BRI TE FR BN, — e AR b U B e PR A A
/IN R FR)A 60 BE T 320805 2 RE AR G R BUAFE R I T RetE . b4k, &R/ W ITIERH
ik 14 34T 7 Faecalibaculum 7EHUIIRT HC 2] — e PE B, B FCFLAT 1 U TE 4
B 2 ME A S AR T0ORE M i 107 00 A= v i B B VE R BT, AR st v, R TIY
db/db /N EL B R AR, Faecalibaculum A% G+ B LT B P Rh 40 B 1) & A 2 35
shn, RN DAL —ERE LIRE TR R R, AT S
fRAERE. T2DMS & IR LA R AR 5% i A TE -

WFFER M, YRR IR T R FLRR IR 41 43 W] 2 54515 FHE AR 5 imiE Fa
A, AHF TN - AERE AR & T R LR I 5RI 28 R, B AN R A R E
TR RRATAERARAR ST, FPRLIR T« B 10 7 St Bl 22 5 v R A ) (. e A 1381, 0y
T BIRFEEFZ T doldb /AR FE bR T TRCRAR T2 g e i A, 3R
TR T Z PR RIRIZE 32 S Fl, 0 ILOCBEE F2 Loy AT T 0BG, JREfS 2 7 iR
Wi B B M L. S RWE 4-2 Fon, XEEFE N RAEE AR, BI%E
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OEFRAS AR R, KRN EEEERE 3.9%~6.7%. K H&EEE 1
SHEZAFEAS, ZHRAFKTHIE. BiSEEREE, FERNFIHIX
PN &R, DA N2 5 2O, 347 T db/db /NERT IS, %5
5 H AT IEEEAT R o 2485 B a SR BB R FURF LG 7 60 W PR 9 A5 25 /I BSURRE A 4
T i T R B R R Q138 S5 A, (AR ST 8 B E TR e AR, AR R G iR 2H
o WS RIOE TR AT REAEAEZE ST, R Bl SEBAT) 75 75 SR SR AR TR R
K%

AW FE AT LA T 23 A 22 1T db/db /N BROBE i A DA i B A )
W RRL, BAAEEE — SRR B, BTA T 0 4 SR A T /N RS,
HAE N 0IE A Rl — B 300E . JLIR, AHIT 5T 8 FH.90% 75 i 1) 22 2 i g
2 RTINS R AT T oM 6 BRI Tses, xFFA RS & LA R K1
TG R TEAE, PR LIiE. B=, RHREN TARRE T T
NERIGTE R L5 ZREE DA s, (HARXT R =4, Wk 5 s
MR S I e s S Al , Jovk e B e B ) B R S AR (Rl 2L o 4,
KREFEAREANR, FEY KEEARR —PRAESS R E .

J5 BEFRATIHE KGR AS 5] ) 70 2 FEE AT T, A 0 R i s PR 4 T A R4,
SEA AN SRS, B P R R R SRR R A RS I E R R R
HEACH B BA 7 AL

6. &t

Zx bk, AN EE 22 Mg 22 i T 900mT DL N R B R R 454, 1
Ina A2 B B B BRI R AR, RN BRUAE L FRE N RRMPE . 2GE N R
MG, MIEEARRE . T2DM. NAFLD S50 . 1% 52 BT FRA 1t — D B R 22
FAGEZ I INRE, FREEHXT T2DM A s i g S5 AU 2800 1A 2800 Bh T 1T B
Seft 7R R, B EE R EIR O E AR IR S .
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