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Abstract: [Background] It is of great significance to evaluate the fermentation characteristics
and safety of Lactobacillus brevis D17, a high gamma-aminobutyric acid (GABA)-producing
bacterium from fermented grains for the production of Chinese liquor. [Objective] To
investigate the fermentation characteristics and evaluate the safety of L. brevis D17, laying a
foundation for further assessment of probiotic properties. [Methods] The MRS medium and
hydrolyzed oat milk were used to study the fermentation characteristics of strain D17. The
whole genome sequence of D17 was compared with the virulence factor database (VFDB) and
the comprehensive antibiotic resistance database (CARD) to assess the presence of virulence
genes and antibiotic resistance genes. The antibiotic susceptibility profile of L. brevis D17 was
established by antibiotic susceptibility tests. The toxicological test in mice was carried out to
assess the in vivo safety of L. brevisD17. [Results] L. brevis D17 showcased good fermentation
performance on oat milk, with the lactate production reaching 82.5% of that in the MRS
medium. Moreover, it produced 480 mg/L GABA from the glutamate in oat milk. Additionally,
L. brevis D17 improved the flavor profile of oat milk. L. brevis D17 did not carry virulence
genes or antibiotic resistance genes. Despite inherent antibiotic resistance, D17 strain had no
risk of resistance transfer. L. brevis D17 colonized the mouse intestine without causing any
disease or death. Moreover, it exerted positive effects on serum indicators and gut microbiota in
mice. [Conclusion] L. brevis D17 showcased strong potential for fermentation of plant-derived
substrates and was confirmed to be safe, demonstrating significant probiotic properties.
Keywords: Lactobacillus brevis; plant-derived substrate; fermentation performance; antibiotic
resistance; safety evaluation
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R 158 %5 AR ) o LR T e th v f 3
PETHAE W LI BT A SR, QR T FLAT I
(Lactobacillus paracasei) . ¥ B H
(Pediococcus acidilactici)%5 78 & [ & il i, ]
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plantarum) s L F& 7 TR B & 19 7] 42 i AE ) 2k O
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WIS FLIR R R ORI A 2, BT B
RKIE . HARZE R kX, X — =l i 4b F
AP BE(R 1)o W T 4R 3 4 e i) FLIR T
AL FE FLH SR PR FLRR A, A O A S 2L AT R
(Lactobacillus bulgaricus) . "8 # £ Ek 7H
(Sreptococcus thermophilus) . &l T F&FLATH . 1
iR FLFF 7 (Lactobacillus acidophilus), LA K #E 4
KR FLIR I, WA I . IR
(Lactobacillus brevis) 51,

FLIR AN N T8l R TEIE 2 45

7

HF
B
=

=1 EfltIABREABREENERRKS
Table 1

h, APETE IR AR, B FIRZFNEL
B9 3 6 a2 a0 B PR (Food and
Drug Administration, FDA)Z\ 1A % 4> (generally
recognized as safe, GRAS)IAIE4 55 FIRK I £ it
‘%4 Jij(European Food Safety Authority, EFSA)
A INIE (qualified presumption of safety,
QPS) 4 12 (A /b 4R e B S S FL AT
HRRIRAFAE —E W Z 2 fa g, R BT
S-1 AT AR R | LB R PR R,
WAL, oA &R0 I PR IEF 2 B 52 26 24T T T fk
TEFCLERRIR IGO0 T 23728 U BUR TR, kb
e+ % FLH B (Lactobacillus casei) il il 25 4 .
#F B (Lactobacillus rhamnosus) & 455 711K 1Y
JLE RN N AETE G O A R NI AE 114 JX
By ) DRI, R R KT B 4 A A Ry E R
W 1 1 L. plantarum299v ., L. brevis KB290
WHBZELL T 74 (12 P PRART T,

B AR NOR M R G FAT )2 R R
MPLRG, ZRAGEITHAR/y- AT R

Representative products of lactic acid bacteria-fermented whole plant-derived substrate beverages

Company Product Plant-derived ~ Lactic acid bacteria References
substrate
OATLY (Sweden)  Oatgurt Plain Oat milk Sreptococcus thermophilus, Lactobacillus bulgaricus,  [8]
Lactobacillus lactis, Bifidobacterium lactis,
Lactobacillus acidophilus
ProViva (Sweden)  Blueberry Blueberry juice Lactobacillus plantarum 299v [8]

UAB ProBIOduktai AVIZO Oat yeast Organic oats
(Lithuania)
Nancy’s (USA)

Oat milk Plain Oat milk

Sreptococcus thermophilus, Lactobacillus plantarum,  [8]
Lactobacillus acidophilus
Lactobacillus acidophilus, Lactobacillus rhamnosus, 9]

Bifidobacterium lactis BB-12

Lifeway (USA) Lifeway oat Organic oats

Lactobacillus casei, Lactobacillus plantarum, [9]

Lactobacillus acidophilus, Lactobacillus paracasei,
Lactobacillus rhamnosus, Bifidobacterium bifidum,
Bifidobacterium animalis, Bifidobacterium longum,
Sreptococcus thermophilus

KAGOME (Japan)  Labre series of Soy juice,
plant-based lactic Apple juice

acid bacteria

Lactobacillus brevis KB290 [10]
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(gamma-aminobutyric acid, GABA) /% ¥4z &
W MAMR A R AN, 2245 S R I 4R it ot
e GABA, [AIBHAE HY, LIFKHLRR A",
GABA 2 —Fl s 2 (1) rh X bf 22 R e il 1wk 22
ST, ELAA O N R A AT e QAR
BRG. BUIESRE . BUBER . BEIE . e Kk
HLREFNZE B A pf 2 2 R AR BRI g2, wnsko™
4 GABA J&FLIR WAL 45 A4 D g 1 8 246 b
Zz—P WEREERAE IR, AR, AW, &
i A= ™ B 45 SR AR AT i R L AT DA A R O
PR 5 FUFT TR D17 J2 A R Pk S & e s
e A TR FLRR TR, TEANE pH KIER1T
TREF™ 26.1 g/L GABA, & T2 % WG AT HE
ATCC 367 2.3 fi5, 7E#51H pH 414 F, GABA
Wk 177.74 gL, RSN, R
D17 7677 A AU (<1 mmol/L) GABA f& & F B Al
FIHEE T GABA HREMRILHIRE /112,
5T B TEH AT D17 HERTE LAY
FmA KBRS, BEIhiR . YUk, bid:
R 32 %% 25 4 VAL SRS AR, TR sh iy
PEAR TR 0 1A PN 22 2P TN i) 1 B e

AR

1.1 #8
1.1.1 #m

H AL D17 BRI T AR E =, 20 H
6—8 JEW ) SPF 2% BALB/c /N, A SUFTME B
% 10 H, deatgeis F) A S e sh ) HoR A BR A
G R RNy N W va I L7/ (oL I AR R
S #ES 5 IN.N0.20220315b0300601 .
1.1.2 EZERFIANEE

Co60 i RS0 E4E R DR, 1 H VLR P
ERAEY TRARTHEAR; B2/ . GABA,
FLIR . LRI SBR[ 24 4 A Ak iR
HIRAF s KL R N, AR E R DA

FRONHE] s B EEBF(1:10 000), [ FHEE(1:250)
F0.3%A4NAER, b2z se kA= b BB e 43 A B
N5 ZRRAR R W A BT AR P e A BR S T
I3 A I R ) G, R U R E Y TR SR
fIr; PowerSoil DNA #:HUA5F &, Qiagen /4] ;
QIAamp Fast DNA Stool Mini Kit, Qiagen /A A,
BRSO ML, Beckman Coulter 23wl i S0 AH
(L (HPLC), Agilent A F]; HF2H KF,
Mettler Toledo 2N ) ; [ifitri¥, BioTek 2v 7],
1.1.3 ERE

MRS 35 35 52 2% SCER[23]BC i -
1.2 E#HRECSMHFREHE

W PR T H A T 1 LA S D17 2R T
WA MRS Bi55 3, 37 cCEHE R 24 h, Wik
3 WA R IE AL AT R DL 10% 35 Bl it 2 A 7
100 mL & MRS ¥53%3%L, 37 °C. 200 r/min
B g% 1-12 h X804 K (ODgo=2.0), K5
FEW B2 1x10° CFU/mL fF Ry & BRI T
1.3 ETF MRS EHFENAEE

WAL, 10% 4%/ /0T 100 mL W
A& MRS }i##3E, 37 °C. 200 r/min %% 24 h,
4 h BU—IRFE, FFH BRSO E ODgooo K
HPLC ol A Wi h a2 bl . 22 200 . ZLIR .
LR . LFE . AR GABA & . AHLR
(I RE 22 Lin 25095365, 3R A 300 mm
Aminex HPX-87H, F:iRI%E N 60 °C, st
4 5 mmol/L H,SOy, Ji# A 0.6 mL/min, il
PR Agilent G1362 /R 224525, 43 #Hr B[]
30 min, GABA FIAF &R & &= E 2%
Rea S5 19y 20, 3 ol A i 40 2% — H a5
L BN C18 (250 mmx4.6 mm, 5 pm), %
SN 338 nm, iR 40 °C.,
1.4 ETFKEREI LB

FEFhF WL 10% 1 P i B2 Bl F K i e 32
FL, 37°C. 200 r/min & 24 h, & 4h B 1K
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FE o A A — i 3 7K 4% B2 (dinitrosalicylic  acid,
DNS)JZ: I 5 & T ) BT TSR0, R e
WA . A A DL AN LR B i p I g
Jrkla] 1.3 SR T A5 - [ AR IR A% C-0MH 6 7% -
Jit1i% (headspace solid phase micro-extraction gas
chromatography-mass spectrometry, HS-SPME-
GC-MS)F3 Mt & B 1 RUR 53 1270 AR (0,38 K
GC7890, 43 #HrH:k DB-Wax column; Jfi i 45
J9 ELHLEGIR, HTRERLIN 70 eV, BRI
€2 230 °C, FHHMIEFIN 35-350 amu.
1.5 1RIE RFEGIET S MK

DL 0 Tl vk g AR T A B K
A B E AR 2y 3 g/L, IF pHH
2.5, B Al 48 O 2 N TETC T AR B ER K
HOIn AR B AW 1 /L, FF9H pH
fHZ 8.0, FIIA 0.3%M4- IR . HLE A
W2 0.22 pm TCI RIS IEERTA 1, &%
Gong PV BRI B MR A R P b 31,
e FUAF A D17 AP LA 1 mL &R T
A T3 JCH EP &, 8 000 r/min #.0> 10 min,
BB DA B B AAE 37 °Cor Rl EIEFR 0. 1,
21 2.5 h i, SERIADAGE R IR E R 5 1Y
5], dRSERPE R IR S 3 h 45 SRS 8 000 r/min
#5010 min ARG, I 55 o A BEER K
R, A% 1 mL A KERHERS
TR TBEEAY 10 mL MRS AR 53,
IETF 37 °CHEFE 48 h, MIEH IR A ODgooo H4
Jol38 J5 ) ODgoo TELFR LA A JHir38 4b 3 () ODgoo H
AT BV A 3 AP T 32 P e 7 s 5
B WS, DO 7E TR U0 YR ) Ak B S )
BIFEA 0. 1. 2. 3F4h, HFREShER,
1.6 &1 [EF At 25 5 E Fnl

W FpFHAE 4 °C. 8 000 r/min &[> 10 min
ALK, ) PowerSoil DNA #HBGR | &R
B & DNA % A — X Illumina NovaSeq PE150

V-5 A5 RBOE R R A A7 BR A Fl) 5 =R
NanoPore V{5 (VIR R2FFRETCE W) 24 -5 0
2FSLIS E )N D17 AR 2L R A 7B G o

FLIR LAk i AR NS 2 B T B
F o WA 25 M AR DO 8 Je 2LAT B D17 (3%
R J7 91 (8 55 CP144556) 5 8 1 IR T 508
J% (virulence factor database, VFDB)Fif 24 &
s (comprehensive antibiotic resistance
database, CARD)UEATHUXT, S H RS 44
Ja)(European Food Safety Authority, EFSA)H [}
ST, LA —H: (identity) KT 80%.
J& (coverage) KT 70%A1 E {E/NTF 1xe™ " Jyfifi i
P, TN R 7 DR i 2 3 R B
1.7 Zsils

K I K-B 487§ HOEH) € LA D17 %}
12 Fei P AE R BTk, A 358 il R A 52 56
Z b P23 (Clinical and Laboratory Standards
Institutes, CLSI) 9B & 72 ) E A EXT P A=
BT E R
1.8 HRZEMITH
1.8.1 EBEEZRNFIE

Wi Fh 7T 8 000 r/min #.0> 10 min YCEE
A, B G T A= FEER /K Uk 3 3t I 7 FF G T A 1
K ERIH B BRI E R 1x10° CFU/mL,
g A 5T B 1) T B
1.8.2 =Xt

K 20 L 6-8 AR 1 SPF %% BALB/c /MR
T 12 h JEREHES, PSR (2242) °C, WA
(55+2)%, HHEE . YoK. it o4 frE
AT FEESH SR [33 ] /NRGE N 1 5 Bk b
ML 2 41, B4 10 HOERERAS 5 H, 9F
SyIFEER), SRR s (1) SD AW RRE): /)
B AR VEGRLREAT 200 WL TCRAEREER K s (2)
D17 2. 7E/m AR AEmDEHAY LA E %M FE 200 pL
# 1x10° CFU/mL WA FLATH D17 BRI .
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H#E s, eipsk 28 d. #E B WIE & H AR/
W, WEC /D RIEE . POk, RS
FURS RSB, WieE 0 GEF AT 1K), 14 Fn
28 d WY/ T 5 S2 M B WUE TS o
HRE—K, Ira/NRAEE s, SIRIER
I R A b ik e AR A8/ N B o BB 7 RV
SURFIE . MU . B RN ZE i 6 A T IS 22 o
1.8.3 BESSIEBONE

K SBCEE B R L RALIFE R R P A R K
Ve, DR TR PRE, PEAT A TE R (R T
PE) Y E
1.8.4 MBS LiEHREN

Ao L T A ) T i 3R] A 0 A 1 e A il
(alanine aminotransferase, ALT). 7 B %% 5 Jiff

(aspartate aminotransferase, AST) . N . [
(malondialdehyde, MDA) . i % 1k ¥ 15 1k i
(superoxide dismutase, SOD) . H i = g

(triglyceride, TG)FIIK % & g &5 1 (low density
lipoprotein, LDL) % & .
1.85 HARTSEUR

WUIFIE . REFZS I BT R, 28 4%Z%
RHBEEE G TR G, VIR FIRAR R
e, EJGTEGFRIME P MEHLIEE,
1.8.6 FAERE YN

% H8 QIlAamp Fast DNA Stool Mini Kit 15 i
FARBUNRZEE 1Y DNA. K514 515Fmod F
(5'-GTGYCAGCMGCCGCGGTAA-3")F1 806RmodR
(5'-G GACTACNVGGGTWTCTAAT-3)#" 4 168
rRNA JE[H V4 X, PCR AR R4 2%k
SRR T IEE, Y Rk T AR S
K BHE A R I, FF 45 R F14 % NCBI,
3k 1% Sequence Read Archive (SRA)%Zi 5 N
PRINA1070263,

b 418 - Trimmomatic R FUEA T &
3 0E, FIFH QIME 2 (v2021.11)H /) DADA2 F¢

JF 5% IRAT B WL e 1 S e B IR R Y1
F ¥ 51 25 K (amplicon sequence variants, ASV),
JETF Silva 138 99% OTUs ¥t /%, {# ] QIIME 2
YIZRFNR DL Br o3 288 X015 201 ASV 751
AT TERE, AR BB IR IR =F B A bR vfE AL
ASV %A% . BT ASV %, ] QIIME 2 it
oo ZFEVER B 2R TS B L BN g i TR A A
AT M o
1.9 SZit=EaNHh

BiE DLV bR I 22 320, B35 PG 36
KAt K.

2 EREGHN

2.1 EIFFE D17 A B

MRS $5 575w W AR, IR LT
PR TR IR AL . AR A R 2l T, 4
FLHFIE D17 76 MRS Bt A K BA4F, A%
4 h PEASTBUE R, 20 h JFEAHE A KAEFa
(# 1A). Wtk D17 R E ST 5 AL
TE 24 h BRI, 2% B 20 g/L (17
EPRERE AT RESE , A FLIR . SRR 530
7 13.41.6.84 F11.86 g/L AESEFER RN 10 g/L
A EBRENIG . Hivk D17 ek HE " GABA
HIFE, GABA 77K 7.62 ¢/L (Bl 1B), 31 H W
MFNE L D17 77 GABA 5 HAE KAH#EE

WPk D17 fEME AP AERKRL, KL
pH {EM 5.29 F%% 3.71, FIHH#I%IHE 7.56 /L. %
W 5.3 o/L, AR (LR L RS 3N 11.06
3.97 f1 1.06 g/L (K 1C), ILRERIFH 24.82 g/L ifJ5
BE(E 1D), B 78 M 27 L Rl s (R e B 2 T 0
T E W ELRR T RIS B MRS B E TR
82.5%, FWMILFTE D17 HA R0 ) & e
ZFLEETT . WAL, HFLFFAE D17 WREF I HeE
AL Bl A = R4 GABA, GABA &N
480 mg/L (K 1E), H GABA jJ“Hizfit T- MRS
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1 BIAFFDITET MRS IEFEMKBREIA LB ELEFE A MRS BFIEPAERK. K
YR LR AE L. B: MRS 37238 H 9 GABA A, C: /KL FLh IR A . BHLRAER. D:
IK R L B JERE R . By KR LT 1 GABA A2 %

Figure 1

The fermentation characteristics of Lactobacillus brevis D17 in MRS medium and hydrolyzed oat

milk. A: Growth, substrate utilization, and organic acid generation in MRS medium. B: GABA generation in
MRS medium. C: Substrate utilization, organic acid generation in hydrolyzed oat milk. D: Utilization of
reducing sugars in hydrolyzed oat milk. E: GABA generation in hydrolyzed oat milk.

R BRI GABA j7r, HEWN =25 A Sl e
FLrP e B A AR & i ARAIK, KR AL b
AT B A 28R % 58 500 mg/L.

W AL FNFTE D17 KB ) XU L5
B THRGE. k2 PR, MIEFE D17 K
WS, AMETHBR T M FL P 2 TR0 IE O
(hexanal)®7, 1fij HL{f & 1§ J5 i e 22 LK £ 35
11 Fl, BAEEEEE . BESS. ER2S. MRSSANIRME .
Hrp, IEC ¥ (hexanol), 1-F-f%(nonanol), 3,5-%
M B (3,5-octadien-2-one) A1 N i F N FiF
(gamma-nonalactone) 5§ 5 A5 5 A AR 7 19 XL
PR BT N, T T R A LA R

A b2 SRR B A FLAT T D17 HAT ARG A A 4 5k
LR L B, N RE A K e e 22 3L
PRI I RE LY GABA, [N RETHY e
ZF AN R, T = 2 n R A EF <.
2.2 FEIAFE D17 EEMBRMB R
it 5% B

263 h BRI E WaE , RELAT R D17 Y
WA R 29.3% (F 2A); 4 5 h AR T
i, mFLFF D17 MR % 18.2% (& 2B).
FEFLATE D17 FETH 52 B0 W b 18 2R 5%
0.5-1.0 h PAPRAE R U W, 2% W R fok iy
IS B BOW A LA D17 i ok, (HY
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R2 EIAE D17 REEKRAREFLAIE VM E NKY R
Table 2 Trace flavor compounds in hydrolyzed oats fermented by L. brevis D17

Volatile compound Volatile compound Concentration in hydrolyzed = Concentration in fermented

category oat milk (ug/L) hydrolyzed oat milk (ug/L)
Alcohols Hexanol 0.00£0.00 44.37+14.49
Trans-2-octen-1-ol 0.00+0.00 9.87+3.21
Nonanol 0.00+0.00 9.48+3.67
Trans-2-decen-1-ol 0.00£0.00 6.37+£2.02
2,4-decadien-1-ol 0.00+0.00 50.77+£14.03
Aldehyde Hexanal 16.71+1.15 0.00+0.00
Trans-2,4-decadienal 59.07£5.19 7.64+2.31
2,4-dimethylbenzaldehyde 0.00+0.00 66.60+20.26
Esters Gamma-nonalactone 0.00+0.00 63.85+£24.56
Octyl formate 0.00+0.00 7.234£2.50
Ketones 3,5-octadien-2-one 0.00+0.00 19.38+6.71
Furan 2-pentylfuran 8.37+£0.86 5.30+2.33
A" 1009 B 1004
—~ 751 —~ 75
2 g8
g g
g S0 =30
[F] L]
- -
[=] [=}
o o
M5 R~ 25
| l ! ! 1 | l | ! | ]
0 05 1.0 15 20 25 3.0 0 1 2 3 4 5
Challenge time (h) Challenge time (h)

2 FEIAATE D17 AR T R(A) MR U & (B) + BITY 32 2
Figure 2 The recovery rate of Lactobacillus brevis D17 in simulated gastric fluid (A) and in simulated
intestinal fluid (B).

42.4 kb, B 55N CP144558) K T itk LMT1-73
AL DNA. 228 1 15000 % (VFDB) Fil i
2 5L VB P2 (CARD) FL X, S FLAF I D17 o

FOE NLX AR )5 (>1.0 h if38), HA2 45 % i
JEN 23 0 #0855 o FEFLAT I D17 X B B sl
ISR BL T —E R 524

2.3 FEAMFE D17 WS HEF. MEER
M EE UM AHIREER

FE FLAF R /N AL AR, D17 BRRCE SR
5 CP144556) YL AR SE IR ZH K/ Ny 2.28 Mb,
W /N T4 FLAF 7R 2 25 BBk LMT1-73 (2.48 Mb),
BS54 A TR (46.7 kb, 5655l CP144557;

TE I BE 7 IR IR 25 BE 1A o 4545 1t 25 2 DX 7
AT RS, AT SRR T 12 MAER
HEATI 25VEPEAL . angk 3 PR, BELATE D17
MEHR G, AEmR . A&ER . Wk, %
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Table 3 The antibiotic sensitivity of Lactobacillus brevisD17

Antibiotic Inhibition zone L. brevisD17 L. brevis L. plantarum Evaluation criteria (mm)P?
diameter (mm) in this study ~ HSP-LB6P*®  wD-15% S I R

Penicillin G 15.240.3 S R R =15 <14
Erythromycin 25.3+£0.2 S S S >23 14-22 <13
Norfloxacin 0.0+0.0 R R R >17 13-16 <12
Ciprofloxacin 0.0+0.0 R R R >21 1620 <15
Chloramphenicol 27.7£0.4 S R S >18 13-17 <12
Compound 15.1+0.2 I - S >16 11-15 <10
sulfamethoxazole

Ampicillin 24.6£0.5 S S S >17 14-16 <13
Cefazolin 23.1+1.4 S - S >18 15-17 <14
Gentamicin 16.6+0.4 S R R >15 13-14 <12
Amikacin 13.2+0.9 R - R >17 15-16 <14
Tetracycline 17.8+0.7 I - I >19 15-18 <14
Vancomycin 0.0£0.0 R R >17 15-16 <14

S: BU; 1. hABUEG R: THZy; - R

S: Sensitive; I: Intermediary sensitive; R: Resistant. —: Not detected.

BT ERNZ . FLFFREXTBOK R & 375
VR IR VD BRI R B 2 0 LA RS0
— BN R R X S AR ZR AP AN S 5 i A 4
PEUI AR EA S, WILFE D17 IR B
W 2 3R, (EASASIN H T i 2 R, RN
XA RS TP R VR I, Sk
A R PSR TN AR RN T, RS
ORI AR S 5
2.4 FEIAMFE D17 HWAERAZEMHITEER
2.4.1 FEIFFE D17 3N RBIRMIEIRE M
7E 28 d /MR EE IR v, B — HU/VR
FET, LA H PRS2 B A5 A {d B A R
I, B KRS DR, BEEY
RIIEHR . WM IR D17 J5, DEUARER
B RS, JF BB R 3 R
T HER, fFEIEE A 3A. 3B). Wk
D17 /N ERUHJIE B 0 8L 4 250
M, RHASGHE/NEM . B MR EH
i A8 4k (K 3C-3E). bk D17 XF /N B
ALT, AST. MDA, TG #l LDL G g # %1,

HHEBETE T SOD AKF(El 3F-3K), SOD
e — R AR PR N T BB U B 1 A AR E
PR, PIORP A S s7 S A el SRR Y
T R A BN RN 25 i i) 2O A AT
5%, ATLAR BBk D17 40/ BUIF . g Fn 45 s 41
UL IER, 5XTHRZL(SDYMERL, A 40 A e
S5 X T S B S8 (K] 31), E—205R
BRI R D17 A2 /0N B R iz 4 2
HE AT T

242 FEIAME D17 X/ NREEREYSHEMY
SapA )

o ZHEPEFR BT & B Chaol $8ER(S L)
FPECH)FI Shannon $i5 B (S By A 2 8 5 12
e AL, RN FLA I D17 A5
JE A I & E AR (8 4A 4B), BET
F 143 43T (principal component analysis, PCA)
B A B 2R EUR I, D17 H /N
WA RS SD AL % 2% 5, KU
GFLAFE D17 RN E A A A2 R
REM(E 4C, 4D).
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Figure 3 The impacts of Lactobacillus brevis D17 on phenotypic indicators in mice. A: Body weight. B:
Food intake. C: Liver index. D: Kidney index. E: Spleen index. F—K: Serum indicators. L: Histomicrographs of

the top layer (liver), middle layer (spleen) and bottom layer (colon). The data are presented as mean+SD from five
independent replicates. P values are shown from a two-tailed, unpaired t test. ns: No significance. *: P<0.05.
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Figure 4 The effects of Lactobacillus brevis D17 intervention on gut microbiota diversities. A and B: a
diversity is indicated by Chaol index (A) and Shannon index (B). C and D: The principal component analysis
(PCA) of male mice (C) and female mice (D). The data are presented as mean+SD from five independent
replicates. P values are shown from a two-tailed, unpaired t test. ns: No significance.
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Figure 5 The effects of Lactobacillus brevis D17 on the temporal compositions of intestinal microbiota in mice.
The temporal changes of microbiotas at the genus level in male mice (A and B) and in female mice (C and D).
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Figure 6 The effects of Lactobacillus brevis D17 on the compositions of dominant intestinal microbiota in
mice. A—I: Key genera with relative abundance greater than 1% at 28 d. J: The temporal changes of L. brevis
D17. The data are presented as meantSD from five independent replicates. P values are shown from a
two-tailed, unpaired t test. ns: No significance; *: P<0.05; **: P<0.01; ***: P<0.001.
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