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Fermentation Process Optimization of Lactobacillus kisonensis -
Fermented Oats and Analysis of Active Components, Anti-
oxidant and Glycemic/Lipid Control Activities in Vitro
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(School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To simultaneously enrich polyphenols and S-glucan in Lactobacillus-fermented oats and enhance their activity in
regulating glucose and lipid metabolism, single-factor experiments and response surface methodology (RSM) were em-
ployed to optimize fermentation conditions. Untargeted metabolomics was utilized to analyze the composition and relative
abundance of polyphenols in fermented oats. Subsequently, the antioxidant activities of aqueous and ethanolic extracts from
fermented oats, as well as their inhibitory effects on key enzymes involved in glucose and lipid metabolism, were evaluated.

Furthermore, representative polyphenolic components identified in fermented oats were used as ligands for molecular dock-
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ing to elucidate the molecular mechanisms underlying the inhibition of these key enzymes. The results demonstrated that
fermentation with Lactobacillus kisonensis (JCM 15041) under optimal conditions (inoculum size: 2%, solid-to-liquid ratio:
1:6 g/mL, fermentation time: 6 h, temperature: 30 °C) significantly increased the S-glucan content in oats by 61.54%, while
enhancing the inhibition rates against a-amylase and a-glucosidase by 28.61% and 24.11%. Compared to unfermented oats,
both the ethanolic and aqueous extracts of fermented oats exhibited significantly enhanced antioxidant activity (P<0.05) and
inhibitory effects on key glucose and lipid metabolism enzymes (P<0.001). Untargeted metabolomics revealed a significant
increase (P<0.01) in the abundance of cinnamic acid post-fermentation. Molecular docking using cinnamic acid as the lig-
and indicated its potential binding modes: Forming two hydrogen bonds (2.1 A) with Lys-466 of a-amylase (binding ener-
gy: —4.59 kcal/mol), two hydrogen bonds (2.2 A) with Phe-416 and Lys-418 of a-glucosidase (binding energy: —4.43 kcal/
mol), and five hydrogen bonds (1.6 A, 2.1 A, 2.4 A, 2.6 A, and 2.8 A) with Pro-430, Arg-457, and Glu-458 of pancreatic li-
pase (binding energy: —5.77 kcal/mol). These interactions suggested that cinnamic acid likely inhibits enzyme activity by
affecting the substrate-binding domain and catalytic active site. In conclusion, this study established a Lactobacillus-fer-
mentation process capable of significantly enriching oat polyphenols and f-glucan. The resulting fermented oat extracts
possessed potent in vitro antioxidant activity and significant potential for regulating glucose and lipid metabolism.

Key words: Lactobacillus; fermented oats; phenolic substances; antioxidant activity; hypoglycemi activity in vitro; lipid-
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2EAN G BRZA 75 Acqulity UPLC I-class & Vion IMS
QTOF MS® = AH (O3S AT VION 2571k & DU K
FF ARSI 2E[E Waters 2\ F] S
1.2 LWHE
1.2.1 R M AP PRsek PRI i
FEAZ, [ PR ES D LA iR 5 2 0 (80 H ), WALAE T 4 B
TEIHEEEHS, 4 °C AFAEEH

WA AL: F 1.40 mL A9 MRS #AARE; 37 3E A
A 30 L B, IRB I SIEE T 30 C Hi AR
16 h,

JHEZZ A7 W) 5 3R L £ METR AR & 20.00 g HESE
A3, ¥ TR EE A 2% 88 /KRG 35, Himit v it
a-TERS (10 U/g) : 55 WiE 32 H=1:400(v/v) B L1451
IO ER a-TERE, 70 °C T35 45155 5 hE
TERETR 10%, 19 FIHEZE 5335, K S iles o

B PP 5 & W KU AR S Y B AR R &R 1.0
10* CFU/mL, #i [l — 2 fAFH L 2 21| i A 3 5
Ferh JRGH5, T 30 °C KB b ERRDCIE IR &
7, 153 LR
1.2.2 PRPRRSEGETT  FERSCIS LA T, DA
T ARTRAE S o-TER IR o- R AP
BE I A PPN FE AR, BEAT AR 2R 5006, 4K Fh
(0%, 1%. 2%. 3%. 4%. 5%), BHE L (1:6, 1:7,
1:8.1:9.1:10), ZBEHFEI(0. 2. 4. 6. 8. 10 h), k&
PRI (25, 30, 35, 40 °CHXFaHEE (19 RGP a0
A= ) P AR ), R e . T 3 6 1Y B R 2R P AR
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HLARERAE T s an R DR L 108, R FERT
B8] 6 h, &ZEEIEE 30 °C, BFFEAS A4 A X P I
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30 °C, FFFEAFPRRA ELXT PUTBT A S A R 52 5 45576
BHA L 1:8, 3P 3%. ABRIEEE 30 °C, #F5E ANIF
R TR )X PUIT A F5 AR 14 52 s 55l b 108,
FEFh R 3%, KBETE] 6 h, BIFTEAS[F) A BRI XoF PUImT
PSRRI SEN
1.2.3 TP FEhRA i
1.2.3.1 W& s FE S SR EO M H A =%
Ibrahim 25151 15325, B 0.20 g KB, N 1.80 mL
oK OB, R TEIR ST 5 75 (200 W, 30 °C) 2 H
30 min, 4000 r/min E.C> 10 min, B35

Z W Er iR . 225 B2 BN (5%, B 0.20 mL
FESAREBOR, B 0.10 mL f@AKE 57 . 0.30 mL ##
BR AN R (8% ) F1 0.40 mL ZEIEIK, IRHEIR ], 30 °C
THREGHEE 1 h J5AE 750 nm PR AN E W OGEE; 43
S B 0.02 mg/mL % & T & b5 #E % W 0.00. 0.10.
0.20. 0.30. 0.40 mL, [FIFFEAEFIIRSGEE . A5 T
Vi £ 2Rk 7 #2 4 . y=79.167x+0.0588, R?=0.9973,
LI FR 245 (mg/100 g) i Wy o
1.2.3.2 - RBE S A R B O 0 H A

22 AT AT 1 T i, B 0.20 g R BRI, A
1.50 mL 95% Z.Ji%, 4000 r/min Z5.0> 10 min J55% I3,
[APLHE P IIA 1 mL 50% Z. MR 503 i, i
A 0.02 mL 50% ZBE{R2], A 0.40 mL 20 pmol/L
BEfRENTR S5 7K S 1 min, IRGE)S 8K 2 min, T
50 °C i 5 min, ITA 0.02 mL HAREFT 50 °C /K
1 h, &EFE 15 min e, HEAHW I 0.50 mL
200 pumol/L E&ER4M, 4000 r/min B5.0» 10 min, B 7%
A

LRSI B 0.05 mL LS REUE, N
A 0.05 mL B-# R, 50 °C KW 10 min, P30
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WA AR 2 e G s 43 BIEL 1 mg/mL D-# 2 bR i
YEWE 0.00. 0.02. 0.04. 0.06. 0.08. 0.10 mL, /il A
0.10. 0.08. 0.06. 0.04. 0.02. 0.00 mL 200 umol/L i
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JZ)% 10 min J&, MILA 0.10 mL AT EPEIEBA R (1%)
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{8, DR (1%, 2%, 3%), KBENTE (4. 6. 8 h), k)
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Table 1 Experimental design of Box-Behnken response surface

KV ABERIR (%) BREHE L (g/mL) CAEBEME(h) DABERZ(C)
4 1 1:6 4 25

0 2 1:7 6 30
1 3 1:8 8 35

1.2.5 RIFIHESZ Z2 M M i ByE 20 5353

1.2.5.1 FERHIE  BURMEMEZE 0.25 g, LA 750 uL
80% B, Lt iR EIR A E RS ILA—20 °C 1Y
VRKAETF R FEEL 3 h, 4 °C FE5.0>(12000 r/min)20 min,
V5 M AIT, A K TRe s Aot B2

1.2.52 Spfidctd AR5 4544 AR 45 C; TR
I 0.4 mL/min; 7 shAH A S 0.1% W B /K, Hish i
B 4 0.1% HIRZNE(1/1); Yk H,O/CAN(10/90);
PEREAART 1 Lo BREEVEBEE)T 4R : 0~3 min, 95%~
80% A; 3~10 min, 80%~0% A; 10~12 min, 0% A;
12~15 min, 0%~5% Aj; 15~19 min, 5% A,

S Sy AT A5 A SR FH IS 557 Fl, B YR £ 5 T AR
FU(ESD) T REEEWE, MSE SRR IKRE R 5 = fE
AR E B IR 2 kV, HifLAE)E 40 V,
FALSIRIE 450 °C, 546 900 L/h, #EFLI K
<50 L/h, 8 FIRIERE 115 °C, #3538 Bl m/z 50~
1000, FHM I 0.2 s, RffERER: 6 eV/20~45 eV; TELL
ARE JE R (FELRAETE ) : 250 pe/L 55 2058 i HE K 742
HERE, Wi 10 L/min; SR4E [H]FE 0.5 s; R A 0] [E]
0.5 s; WffEREE: 6 eV,

FHE A UNIFIL1.8.1 SREAE O | B Eds, 74
TR X A S A B 22 5 w4 A R A T EE T,
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(RT). JBifar bb(m/z) . SN A5 R, XF s s+
W BEA T 5007, B [R5 S A AR 5T, FIWr b 541
HEPE . [RIET 4S5 LB YR Metlin(https:/metli
n.scripps.edu/) . Chemspider (http://www.chemspider.
com/) . HMDB( https://hmdb.ca/) 3E47 L XF . F
Metaboanalyst5.0( https://www.metaboanalyst.ca/) 5
A Eex AR 3 i A A T B b v A RN D e /N
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B30 10 min, ISR ST BRI sl K BRI, R A 1%
M MR IELH
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MIF G L 2.78 mg FeSO,-7H,0, {fi AL 81
KB ZE 1 mL, 153 10 mmol/L #EERIER . IKE
£ 10 mmol/L FeSO, ¥ Wi A7 R, i Hovk BE 45 5]
"~ 0.15. 0.30, 0.60. 0.90, 1.20 1 1.50 mmol/L. fif
FHE B F KB AR S

TE 96 FLAR Fhn A 180 uL FRAP T AE#, =5
FLn 5 pL 223 F K ARUERRLRAEIFL M A 5 uL
ASTE) e B2 [l 1Y FeSO, PRk s HEAS R £L 0] hin
A5 uL B0 EA, SRIERBRIRG S .. BHET
37 °C {EE TFIFE 5 min, Z.OBHC R, 76 593 nm
PERALIE WS GE . SPTEALBETI T FeSO, ARfERs
WA SRR .
1.2.6.5 ABTS™ &k fE 2 IR S Ui, SR
A ABTS B AEAT, JEAL ABTS TAER, BE/5
TR FAFR 16 h, iR FA67FE. 78
{E AT, ¥ ABTS TAERRH R B T /RILTT B
ABTS TAEW, Wi Bf550Zh 30 5. R 1EIE
A, P FNBRAR R B9 25 X BE (UnJo/k 2 PBS 2=
BT RO WG R, AR FE 710 nm Ak (1 17 56 BE 2 N
0.70, XA 450 nm AR OSE(E LM 1.40,

P Trolox AWK (10 mmol/L) iZF 2 #i B¢ & 0.05.
0.15. 0.30. 0.60. 0.90, 1.20. 1.50 mmol/L. FE#EFT
FESOIART, RARYE IZ50 75 R4 2 25 L . FnifEfLAn

x 100
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1.2.6.6 JRAGWIEHE HEANHI S5 S Wk FE0 19
J7 %, K 80 pL AY 50 mmol/L Tris-HC1 2% v %
(pHS8.00) ., 40 pL FUFESHESIEAN 120 pL 19 10 mg/mL
JBE g s B W, TR A Y505 T 37 °C T A 10 min,
SEBIHILA 160 pL (19 0.80 mmol/L A7AR BR XAl FEAE TR
(pNPPIMERIEY), T 37 °C T 20 min, JZW 45
HE, T 100 °C 7K 5 min DA RN o 850 2505
ULYE, B 200 pL S W AE 405 nm &b 52 6 R .
FE RS T, Hor Ay R 320 . IR LR
VR CAS TN ) B OCE s Ay gy 9 L IR FNGE 1
W CASINBERANSZ 1208 OGRS s A 3T L IS4 AN
L2 P CANINSZ 384 e S 6 RE

Aps — Aur
Asr = Avm

& (5

1.2.7 WHE:BR S8 . IRICE R X2 7%
B B TALFE B I AECAR Al A . X R AN RS,
ST =AY . F#EE H PDB ({4 (PDB #(¥E )%
https://www.rcsb.org/) FIBELIA MOL2 L4 (Zinc $49&
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(PDB ID:1HNY) . A o-#jZ#FH i (PDB ID: 5NN3)
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16051516) o HH T+ I (i e 2 v P A R 1 =F B2 il
0 Nz 6134.75, PRIHGEHE PIEERRVE A ICAA, F—2F
OISR i a1 E ol Y L e e U< 3 i VA 1 P 0
FRFEEERAY: AutoDock Tool v.1.5.7 58845 - S5 Hc A
AL, 8 FMRIK  BopR . RIS . I, T16aH
far s W BCAAR AR PR &, BB RS 2 S R RS
oA 2R A7 2 PDBQT 3045 28 )5, & i Grid-Grid
Box, JEFEXT2 M4SN EUHE A, SRIFN GPF X
s K B A W SRS S A B SO, T4,
TRAF DPF XX B, #4757 X 44 & et
B I H S~ PDBQT #% =X, {41 ] OpenBabel 4 % 422
PDBQT XX 4-54¥#: > PDB 314, -5 A PyMol 3.0.3
AT AT AAE
1.3 #iEaLiE

K B 2K 07 224387 (one-way ANOVA), idiid
LSD £ b5 43 M1 45 20 7 ¥ = 8] 71 2= 55 (SPSS
Statistics 21), P<0.01 F1 P<0.05 43 3R~ 22 A 0
FRN2E S B - Origin2025 47418 g 55
B2/ bE S =R, DL OSSP IEAREZE " TE RO .
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2 HBRESHh
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RPN 0%, 1%, 2%. 3%. 4%. 5%, Hf
GEIEFP I ] THEZE T2 BN 43 AR i P ) R )
FHE 1 W] DL, G Eeph i a0, JReZZ 2 i & 2
ST PR Y Ea HA, T B8 SR 5 1 S IS AR
I FREIRA S, R E S 3% Bl -
RS RS, o, ZWEE B Ew TR AN
5% TR REA (P<0.05), p- RS R R E S T
1%. 2%. 4%. 5% JZFh i 2H (P<0.05) ; e K -
X o-GEAY B ) 25 2 S T v TR AR A 3, 43
PN 3% B a-JEM BN E 2R5=, B TREA
FE2H (P<0.05) 5 X o187 280BH 5 1l g 410 o V% PR A B2
TN 1% BRSE, WS TR R IELH (P<0.05) . iX AT
HESE T LR B BE LA 2 R AR N 2 MR Z 2 H0 05 7
SAEEIR TR T, & R ISR GACH ), IF B
RIS 2 (o e A M RE R, (A R 1
JaMEE Iy . p-E RNEEA B T R0 M)
IR RPN, AR AR (1%~3% ) B, THESZ
BRI R IR AL T S TR Y, (A5 K 1
BeNE Fe /AT, A8 AR 0 A sl & B2 5 e 22 vh &=
B . B-AETROBEAN— LEAT Bl R A 1 M T 0 R
TS Ee R R, R BRI ER o 22, MEFE B Rt
ASRENSHLLS EAZ TR ST, NIRRT T e b IR
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Fig.1 Effects of inoculation amount on content of polyphenol,
p-glucan (A) and inhibition rates of a-amylase,
o-glucosidase (B) of oats

TE: AF/ING P REOR AR 22 57 B35 (P<0.05); [ 2~8 4 [F].
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2.2 RLEEE R EE RN S A EME AR

PRI L g 1:6,1:7, 1:8.1:9, 1:10, #F5%
B X e RE T B NG R s A TS R I .
& 2 AT UL, BEE R FLpaRg i, & B E IR b i 2 1
T SRR A A, T B RO i B S T
TR A S, 2RI EL A 1:8 B B- SR & i
151 (P<0.05) ; HEZE T a-VEMY WA o 10 25003 1 FE 1 410
il 2 5y 5 B 5 T i S R AR i R B, OB L
1:7 B o= 26 W T 1) % d v (P<<0.05) o IX AT g
2 PRA b R EE IR, TR S % 3 SR A R e
K, SECE I AR % BReR iy R RE, BRI
T REFRA AR AT, NIRRT HZ 2l . -
5 TRNE ST Y B A B T 2R Bl e,
MEAZ B IR ROE IR S R BERRAIR, R TR JC Tk 5857
DA PTG 175 F5 347, X 2 PR e vh 215
B8 TAE AN — LT Bl R A e R B A P
R, SEEERR e 1:6., 1:7, 1:8 YE NS LN i
AN Ay A S o
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Fig.2 Effects of solid-liquid ratio on content of polyphenol, S-
glucan (A) and inhibition rates of a-amylase,
a-glucosidase (B) of oats

2.3 &AEERTE)R R EE TR MR S T EE M AR

BEPERTERTEIS 0. 2. 4. 6. 8. 10 h, WFT LRz
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BRSET i e BRI R 3, 2 R s E] A 4 h B 22y
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SIS RS T AR A R B, 2 R R A Sy
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Fig.3 Effects of fermentation time on content of polyphenol, -
glucan (A) and inhibition rates of a-amylase,
o-glucosidase (B) of oats

6 h i} p-HiRE S B, BE =T 2.4.8.10h &
B22H (P<0.05) ; HEAE X o-TE Ay BRI T 2R AN -7 285 b
TN S ST = PRI A AT, 2 R R TA]
S 6 h B oA B R 2 TR R AL S
2. 8. 10 h &R#H (P<0.05) . X P BESR K M7E &1
W (0~4 h) RFEFREGER D, SECE AT 7, M h
Z M B IRMESE NG PE) TG BUSCRERAI; B G &
B ESFTR] A SE G (4~6 h), R EEBE AP AE K 5045, B T
Z Wi - BB TE R B A Al TR R RS B (6~
10 h), K BEEREFRARAET - IS, A0 PN B850
Tl B ofe, AT REXE L2 1 . B~ SRMH S Lo i R
RS, AL, VERR R IERTHICh 4. 6. 8 h VE R 52k
IVATTRE W S LY/ e I G
24 ABREXEEZFEFRMR S FEDEERS
PERE A BEEE N 25, 30, 35, 40 °C, W58 LR
JEXFIReRE SR I RS A A IS TR R . R A 4
AT UL, B R TR RS RGN, WSS e TR
R ISETHE S BRI R 2R RR)E N 30 °C B
Z WS iR (P<0.05) ; S-FT SR & i B I SE RIS
ThE PRI AT, 2R TRER)E N 35 °C B p-THSRME
By (P<0.05) 5 FHEAZ X a-FEBTEEF o- i 28 W
Pt 225y S B S T e PR AR A B, 2 R IR Sy
30 °C RS NEFHEE Mt i (P<0.05) o X FIRESZR N
K BB A el B IR IR EEAE 30~35 C, ixX S A RS
b Py —SE G P RS, DR, e R R
Sk 25,30, 35 °C VN Sa g i RIS P b A .
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AT L8 25 MNEARKRBER
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iREG4E R, ia H Design Expert 13 #{4-3EF7 k£
JmEIFRLE, BRI 2 & E(R) . S-H RS &
(R,) . o-TERYBENHI AR (R,) . o~ 25 B 11 Bl 410 1) 5%
(RO AR (A) . BHE L (B) . BEEHITEI(C) | KT
TRRE (D) Z (8] 220 ik B 7 F42:

R ,=8.20+0.014A—0.28B—-0.31C+0.52D—-0.15AB—
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Nz 3~3 5 Jrow, i N LR Y 7 2% 53 A A ik

M 4t .
Fig.4 Effects of fermentation temperature on content of poly- EESTTEARATT
— SHe S P 3K >
phenol, f-glucan (A) and inhibition rates of a-amylase, FEPR IR 2 BRI A P E 2R R N 0.5648,
a-glucosidase (B) of oats FEAEBRAE BREL R g M 0.1297, RGP AR E

%2 Box-Behnken M7 i 3645 B

Table 2 Experimental results of Box-Behnken response surface

R, Z Wt R, BRI R, a-TEARTE R, a- M HEH

THRE AR BRKH CRRENE DEEHREE 00, i (mg/e) AHAE)  EEHE%)
1 -1 -1 0 0 8.34 6.88 57.71 73.36
2 1 -1 0 0 8.71 6.87 88.14 80.30
3 -1 1 0 0 7.42 4.18 48.02 70.20
4 1 1 0 0 7.18 3.38 31.96 69.19
5 0 0 -1 -1 6.84 547 91.85 81.19
6 0 0 1 -1 7.23 6.13 62.47 74.37
7 0 0 -1 1 7.37 7.14 55.29 73.61
8 0 0 1 1 8.65 6.23 51.01 70.58
9 -1 0 0 -1 7.25 5.50 57.79 72.60
10 1 0 0 -1 7.17 5.76 70.14 75.51
11 -1 0 0 1 8.02 7.31 51.01 71.59
12 1 0 0 1 7.89 6.76 47.22 70.58
13 0 -1 -1 0 8.17 6.27 65.38 77.90
14 0 1 -1 0 8.75 4.26 45.84 69.82
15 0 -1 1 0 8.00 6.60 86.36 78.79
16 0 1 1 0 7.41 3.87 52.30 71.84
17 -1 0 -1 0 7.98 537 84.50 78.41
18 1 0 -1 0 8.34 5.11 71.59 76.39
19 -1 0 1 0 6.27 4.57 68.04 74.75
20 1 0 1 0 6.16 4.18 59.48 72.60
21 0 -1 0 -1 6.60 7.09 89.10 81.57
22 0 1 0 -1 6.75 4.79 60.45 74.12
23 0 -1 0 1 8.58 7.52 4923 69.44
24 0 1 0 1 7.54 5.77 26.72 68.31
25 0 0 0 0 7.67 5.23 86.84 80.30
26 0 0 0 0 8.24 5.52 84.10 79.42
27 0 0 0 0 8.45 5.58 97.01 83.33
28 0 0 0 0 8.18 5.21 97.34 80.81
29 0 0 0 0 8.47 5.59 88.30 80.81
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Table 3  Analysis of -glucan content response surface

FS oI AR SR N 00 el AR R Ty 2 0 A

Table 5 Analysis of a-glucosidase inhibition rate response

regression model ANOVA surface regression model ANOVA
FIE FHFM AmE ¥ F{H PlH B KIE FM AdE ¥y FfH P BEM
il 32.20 14 230 1828  <0.0001 ks AL 494.79 14 35.34 6.90 0.0004 ok
A 0.26 1 0.26 2.03 0.1763 A 1.12 1 1.12 0.22 0.6478
B 18.70 1 1870 148.64 <0.0001 ¥k B 119.57 1 11957 2334  0.0003 ok
C 0.35 1 0.35 2.76 0.1191 C 17.26 1 17.26 3.37 0.0878
D 2.99 1 2.99 23.77  0.0002 ok D 103.55 1 103.55 2021  0.0005 ok
AxB 0.16 1 0.16 1.24 0.2842 AxB 15.80 1 15.80 3.08 0.1009
AXC  0.0042 1 0.0042  0.034  0.8572 AxC  0.0042 1 0.0042  0.00080 0.9775
AXD 0.16 1 0.16 1.30 0.2727 AxD 3.84 1 3.84 0.75 0.4011
BxC 0.13 1 0.13 1.03 0.3273 BxC 0.32 1 0.32 0.062  0.8065
BxD 0.076 1 0.076 0.60 0.4510 BxD 9.99 1 9.99 1.95 0.1844
CxD 0.62 1 0.62 4.90 0.0440 * CxD 3.59 1 3.59 0.70 0.4165
A? 0.23 1 0.23 1.82 0.1985 A? 94.88 1 94.88 1852 0.0007 ok
B’ 0.0011 1 0.0011  0.0091  0.9256 B’ 98.89 1 98.89 1930  0.0006 ok
c? 0.48 1 0.48 3.81 0.0713 c 25.38 1 2538 4.96 0.0429 *
D? 6.64 1 6.64 5280  <0.0001 ke D? 107.75 1 107.75  21.03  0.0004 ok
G2 1.76 14 0.13 FR2: 71.72 14 5.12
AU 1.62 10 0.16 4.47 0.0808 RKI 63.25 10 6.33 2.99 0.1514
alifR 2 0.14 4 0.036 alifios 8.47 4 2.12
pegl! 33.96 28 SA 566.51 28

Tz ##0RIRP<0.0001, ***FK7RP<0.001, **F /R P<0.01, *3E£/RP<0.05;
Fd~25[.
K4 o-TEN T A0 R [0 LR 5 28 b

Table 4 Analysis of a-amylase inhibition rate response
surface regression model ANOVA

B3 SEHRL HEE ¥y F{E PE BEM
it 9485.93 14 677.57 7.57  0.0003 ok
A 0.18 1 0.18  0.0020 0.9651

B 2426.22 1 242622  27.10  0.0001 ok
C 100.86 1 100.86 1.13  0.3065

D 1908.15 1 1908.15  21.31  0.0004  ***
AxB 540.33 1 54033  6.03  0.0277 *
AxC 473 1 473 0.053  0.8215
AxD 65.12 1 65.12 0.73  0.4081
BxC 52.71 1 52.71 0.59  0.4557
BxD 9.42 1 9.42 0.11  0.7504
CxD 157.50 1 157.50 .76 0.2060

A? 1406.56 1 1406.56 1571  0.0014 ok
B’ 2347.64 1 2347.64 2622 0.0002  kwx
c? 356.34 1 35634 398  0.0659

D? 2018.55 1 2018.55 22.55  0.0003  xk*
B2 1253.46 14 89.53

KU 1105.34 10 110.53 298  0.1517
A% 148.12 4 37.03

A 10739.39 28

B2EP WK IS P>0.05, eI P<0.05, FRHAAR
BIXHZIEPRI TN RE ) A, VT BBAFAE AR R AR
LS Y S I SN 2 Rl S E TR E P N R e 2 DR A
P, TGS AIRIZSEbR, 2T - RS = M a-
TER BT . o-FRIZE B B R T Ak

RREIUAT SIS 22 MR AL A1, AR A (1) b 25k
P<0.05, HA:HI1 P {H(0.0808. 0.1517. 0.1514) >
0.05, BERIERL

- Fa bR 2T B R M A i — IR D(P<

0.001) . B(P<0.0001) . —¥RIi D*(P<0.0001)H% &
2, A H I CD(P<0.05) IR E] B Ko a-TERY
BRI, —WK I B, D, K3 B>, D* 520k ik 25
(P<0.001), A* FZ MK 25 (P<0.01), 22 HI AB(P<
0.05) FZMIK B B /Ko o- R8I AR it o %2 —
I B, D, KW A%, B2, D% & 3 (P<0.001),
C*(P<0.05) 52 Mk 31 b 7K

155 B AT S R e g R AL R4 D 0.9481,
0.8833. 0.8734, ALIEIRIE FREL R 5 g 7703174 0.8963
0.7666. 0.7468, 1 p-45] BMHAR A fige B e A (RP=
0.9481) . AFF REL CV 435l 6.27%. 14.25%.
3.01%, a-JERY BN HIRIE TR AR

T2 E SRR th BIE R FAE T LA
e, 75 R X B-4 TR MR B 10 52 i) () B 227 AR ek
S B>D>C>A, 5T a-3E 3 T i) 252 1 (4 5 22 I+
MK N : B>D>C>A, Xt o4 285 B T 410 1) 2R 52 i) A1)
FTHINIFRI AN : B>D>C>A. 25 F TR, DL g-Fi 5
W A o-TERI I . o T A0 BN I R4 R T2
RE AT RR, MR RPN A R T S 2
MHEF S B>D>C>A.
2.5.2 HFHEALSEAEHNZLIR R LIRS b g5
WES o-UEM I HI R A ST UL, Se T
2553 MR A8 BAE R L35 e M Bl ) 2 BT
SN AL RO T A . & 5 S RN E] S A R T
AE HAE RS A P HES2 B~ T B 1 52 Wi 1149 i) 137 Tl
B, AN 5 sl DIE Y, 38 H 25 2R St Th 3T, ni o Tl
SR T T, AR SIS B A E— AL T4 X
W, PSS B AR RIS v B SRS e )
BE(P<0.05),

&l 6 i SR A BAE XY KT a-TE
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RIKFE , %5 Lactobacillus kisonensis KEHERZ T 24k &M BARSMU BB B 15t AT - 219 -

R,: B it (mg/g)

C: K ENTE] (h)

K5 Sl v a5 4 I 8 S8 1A IO LR TR A e A2 v - SROBH 35 B A i)
Fig.5 Effect of interaction between fermentation time and fermentation temperature on f-glucan content in oats fermented
by Lactobacillus

R,: o-FERAHINHIZ (%)

Ry: a-TERBHIEI A (%)
1:8.0 a

1:7.5

1:7.0

B: BHE L (g/mL)

1:6.5

1:6.0
1.0 1.5 2.0 2.5 3.0
A: Hifhi (%)

K6 Hefiit SRR S AR HIXT FLRR B A B Y a-VE Ry BRI 2252 1)
Fig.6 Effect of interaction between inoculation amount and solid-liquid ratio on the inhibition rate of a-amylase in oats fermented
by Lactobacillus

A3 Bt A0 1] 23 5 e g o) 7 TET L . DAL 6 T LA,
e 7 PR S B L bR T, AR O, 58 LA A 5t
EAEIELIR, SABENS . Fefhia SRR b3 BAEH]
XL PR & TR JS FHEAZ 11 o- UM I 1) 3 S 2552 ) (P<
0.05), 552253 Hrasi i —34.
2.6 Ei&AEESEHIIESIS

AR i o TR IS 45, 159 B AR Rl T 2S5
She BERNE 2.462%, BHAEL 1:6.049 g/mL, A& Bzt E]
5.550 h, KEHRE 25.477 °C, - & H . a-TEK
P 22 | o 0T A OBE T B R R OE N 6.69 mg/
g. 85.91%. 80.19%. ZFG&75 LB RIN T RSN &
XTEE R g, KR R T 2SS H AR B
Fhi 2%, BIE L 1:6 g/mL, K EENTE] 6 h, & EEIRIE
30 C.

LBE, TE R BRI T, KEE#EZ b B-
T ERME S N 6.30+0.30 me/g, a-TE I ] 2
87.20%%8.10%, o] 74 #¥ 1 lifF 711 ] 2= > 80.30%=%
3.30%; A KL 53 9~ 3.90+0.10 mg/g. 67.80%=
4.40%. 64.70%%2.30% ., K EEN] Hi7Re3E b p-mi SR
Tra e 61.54%, HXT a-TEM R o8] 260 bR R

HRSr DR 28.61% F 24.11%. TN FISZ BRI
AR RILA A S, R? SR 0.99985, FE WA FH I 1/
T a0 7 ) TR AR R B 5y (A R M .
AT S MR, AR R LI PR R T S JREEZE 1) B SRR
T a-TERY TR | o~ AR IR 2R b H
BRI . IAE, PR T 255, FLIR T &
Pirate s ] 4 25 B A p-A SR, B R LAY MRV :
2.7 EVFATE AR RE P SE I RER DT

i PR ZLAT PR R T AT (e E R e vh 2 19 1Y
AR, ARSI 2553 BT R g aHe A vh 2 19254 )t
H. EIEAY UNIFIL.8.1 437X Lk b 25 22 g i i
B2, AR LR BE B 18] B o3 e 1 2S5 8., A
M 6 P AALEW (R 6 PiR) . Hirp 5 L BERTAH
Lb, RS 04 REERR RN RE 3R -3, 7- il i o i i
EREIN(P<0.01) .

WFFERIICY, Y rh 4 2 bGP LI B A
NIVEEE A SRR IS LE G =B SAE, g s
5 F A SRR S AN RE S A S (R FR AT AR | 2R
e M RS AR SZ G . TEAEZ AT B R i
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Table 6 Composition of polyphenols in fermented oats using UPLC-Q-TOF-MS*®
i AT AR
YIRS 415 16] (min) Jpivciiaa -
KR KI5
1-Galloyl-glucosel
A, 3.46 331.07 2361.75+403.61 3384.75+308.60
e U ik
4-Feruloylquinic acid 4-O
; s\ 4.30 367.10 9410.00+£186.02 1112.50+89.47
P AR R 2 JE iR
Cinnamic acid -
oy 13.41 295.23 ND 6134.75£1231.68
R
3,4',5-Trihydroxy-3',7-dimethoxyflavanone
2 _ X . . .00+£6473. 75£74217.
3475 FAFE3 7 VA S A 0.70 377.09 371801.00+6473.58 375167.75+£7427.99
Aromadendrin-3,7-diglucoside ™
. ey 12.72 662.63 5344.83+754.61 65432.13+74.90
T 3-3, 7- AT
1,8-Dih -3,7-dimeth thy
8-Dihydrxy-3,7-dimethoxyxanthone 0.66 333.06 12739.20+1453.47 13837.1042117.98

1,8- 3 HE-3,7-— B A L R

T OTN: KR AWM U1, OTF: KBEMeAZ 24, ND: WA K Y ; #*3R R P<0.01,

AR, BRI WA AR K A I 2R CANBENG . WSS ) REVS

PR RIS LE S ARG, NN T M B A
2 AG IS BB (B ERRAE, EATBOA S 30
AL BER S5 IS Bl ip it i, 30 BB SR 2
ARG SR (AN PN 2 PR A% 2 . A 2R R S A )
SEAGURAEA R 2%, IR R A ST a1 27 il A e
A, IX— XU AR PMEE PR R 1% 25 1 XS o e )
L] o AL 24 0TS D e R I T R IR
Zhang F5P ST LR B A R LLAR A2 B, — T 1T 22 1)
A IR B L CA I TS A TN 2 IR e 2= i, et
L-2K N ZRRIX P Z 195 i 2R A B A= 1), 75—

A 60
g 50 ko k - |
¥ sokox
M&\E 40 | | Kk
pid
=30
H
IO 20 f
jant
& 10 L
) |—x—‘
0
FERE mER K$R kiR
R AR B R A R
C 12¢
20 ks
> .
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206+
&
04t
n
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B R KR KR
KU KRR KAl A &1l
7

TT LT AEZR Bl . p- A0 i 5 M R NR G-, Sk
LG ARSI R, P& R IEIREAZ ZZ 11w e 02
FH TR A Wi AL S 455 S 2 5 R RE TN
FAEFHEESR
2.8 AMEmEEIMLIENIEES

KRR RSN SE AL T BT AN &l 7 P,
1A 1, % P ate 22 g ) FK S i AL TG P o T
KRR B MEAZ s FAR M, & A2 2 P %) DPPH [
FHEEAUTTER N 35.37%+1.07%. 35 A I EEAITH R
R 12.32%+1.06% . ABTS"H H FLiEBRAE 1 0.66+
0.01 mmol/g. FRAP &34 fkiEES12 0.62+0.01 mmol/

sk sk ok
kskok
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S

B H M EEFRE (%)
S S
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Fig.7 Antioxidant activity in oats with different

treatment groups
{£: A. DPPH F M35 R 5 B. 52 A th 2R TE FR R C. ABTS™H Hi 215 BRAE /15 D. FRAPHUAALAE 15 ***K /R P<0.001, **3& /R

P<0.01, *3&7R P<0.05,
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RIREE , % Lactobacillus kisonensis KIFHEEE T 2AAL . WG HER S BARS MU A AT RRAR TG PE b - 221 -
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Fig.8 Inhibition activity of glucose and lipid metabolism
enzymes in oats with different treatment groups
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Fig.9 Simulation results of the docking of cinnamic acid with
a-amylase (A), a-glucosidase (B) and pancreatic
lipasen (C) molecules respectively
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