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W& ZLFT 1 (Lactobacillus casei NRRL B-441) R %
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1 MBE7RE
1.1 #R5iHF

%% 57 (CD-035) , 3¢ 5. (S]-0052) . K & (MD-
065) BLE (SPULE 7 %) i B () 3 5) W&
(EE 1 7)) AE(LABHK) U (FEN). T
HAFHE (Lactobacillus casei)NRRL B—441 fibidt
A ER G )EY TRV PO s, 1-58
B3 BE—5—mt e bk (1-Phenyl-3—methyl-5—
pyrazolone, PMP)  — % & & (Trifluoroacetic acid,
TFA) . Bl Z=8# (Rhamnose, Rha)Z5 8RR =4
TR (Trichloroacetic acid, TCA) . #§ R 2 nh ik 1A
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7 (Phosphate buffered saline, PBS), [E 245 % 411k
AR FIATBRA T 52,4,6-= (2-ME e %L )-1,3,5-=
% (2,4, 6-tri (2 —pyridine) —1,3,5 —triazine,
TPTZ), RIEFAT 1, 1-FE R0 =l B 2 i
(1, 1-Diphenyl-2-picrylhydrazyl, DPPH)#1 2,2'-
B2~ W =3~ 2 IR I WEME R —6 T R (2,2 —Auzi-
nobis—3 —ethylbanzthiazo—line—6—sulfonate, ABTS)
WA SE T 22 sa MR
1.2 U#{E5E&
NICOLET iS50R A L i A% 4 i fl 21 41 o %
1%, 3¢ [E Thermo Scientific 23] ;Nova NanoSEM450
Yy Rk S T BB, 6 E FEL A Al 2K i
#34%, Thermo Fisher 23 7] ; Dionex (# %2 )U3000 &=
RO 351X, 25 [H Thermo A W) 3 ¥ % TR HL, 25
LABCONCO A ],
1.3 Hik

1.3.1 GUMABTE =% LGN ERITL,
MRS ¥ 4 55 7% Jk v 352 80+ ¥ 2L AF 7 NRRL B-
441,37 C,24 h, BB E R 7, & FEEM (H
o<l mm), = FAIRAN BN 12 g 8,121 CK
WLV A BN 5% T3, AR 12 mL B RK
37°C,3d, RGN, BURT IS

1.32 KRB E &% BURT
FEdh 6 g, FORHR L 1:10 A 95% 1%, #% K 6 h
(200 r/min) 2% BRI BE 2% 52,6 000 r/min & .0 10
min, AR TTTE , HE 0, BT 5 RE & HORNREE 1:
20 fn 7&K ,95 C/K 4 6 h,6 000 r/min %5 .0> 10
min, R W, IS T A SRR 3% TCA
FBRE H AT, 4 Cf k4,8 000 r/min 50> 10
min, B EIE RS, ISR PO A SRR TOK S B,
4 CH B 2% ,8 000 r/min B .L> 10 min, Y ETLIE,
B UR T MR (25 4 Pa, T -85 °C, 8 R T 12
h) , il 5 15 2 2 I SORHL 2 B RE R0 & TR R
ZHEIF R A (D),

133 (% )= CHLZ2 W8 I b/ FR UG H JB E )x 100 (1)
1.3.3  HLZHRE S LA B s ik b & it
FH TR B €0 v 0 1Y W T R o P I R R R
Pl o 3 0 s 2 B P B e P A vk
FEM

1.3.4 HZHs FRENE L S8 7R
G FH 2 BRI 2 37 (0, B IR AE A

1.3.5 M ZHEREA RN E E SHKRE
AUV BN ZH B i A UK T T B A O
Vs i B ) 0 0.22 o fRCFL 8 S 2B A 1 AR I
H

{63% 25 : ThermoU3000 ¥ A {43 £ 4t , {0 i
H: A ZORBAX EclipseXDB-C18, Jishiilh 2 M,
FH W R R 2% vh Wl (B R — A #F 12 /1,2 mol/L
NaOH % pH { & pH=6.8) %5 & ¥ M , 215 F0 ik
MR i % v AR BB R 17:83, S 0.8 ml/
min, FE7R 30 °C, KU 1 250 nm, #EFEE 10 pl,
1.3.6  HEMLLAMGRE I E 7775 7E 4000~400
em™ 5 FIH PR P AR L AR 4 B B 2T A A
FHFE 5D, 2 2T AP G e
1.3.7 HBHARMNE Tk BOE 2R S T
S BRI AT I, WA AN H S BT R R
SRR &2 TAEM R 10.0 kV, 76 A [F] 1 i
RAGHCT WLEERE S AT S, A7 HH N 1) 375
B, BRI AW E A, 1 40 000
JICRAZ B B 411 2 07
1.3.8 Wbt & E Iy ik
1.3.8.1 DPPH H HEIHRAE M E =% Bl
SIS IR T 1 o 4 I BB B T B VR 0.25,0.50,
1.00, 1.50 mg/mL #l 2 ¥E %5 W 45 200 pL F1 200 wL
DPPH 2. ¥ # (0.1 mmol/L) IR & 3147, J i 30
min GEOE) , TIEK 517 nm I & WO | 2618 K
YEZ5 H,50% £ BEAEXT BE VC N FHAEXT BB 4, 17
MW 3 W, 45 545 A (2) 118 DPPH A 23 bk
£

B (%)=[1-(A-A,)/A]x100 (2)

A4, 200 pL. H,O 1 200 wL. DPPH &
B WGHE ;A A 200 WL B 5L AT 200 . 50%
LR A WG A, O 200 wL KE S AT 200
pL DPPH & B IR A WO EE .
1.3.82 ABTS*H HZERAE I E 2% Jiang
SEWONAE I . ABTS ¥ (7.4 mol/L) Fli AR 1
VS (3.8 mmol/L) # AR FLHE 101 TR A0 2 7% 45 21 B
WGREE) , FE K 734 nm 2L F] PBS(pH 7.4) 3%
FER O R 0.70+0.02, 4 S IR, 43 51 Bk
JE R T 0.5,1.0,2.0,4.0 mg/mL Kl 2 55 W45
25 L, I 250 pL 2 R A, 7 & 15 min, T
B 734 nm L0 IO B ZE B OKAE 2 1, PBS (pH
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7.4) SFETAENTIR VC R R B4, AT 3 21 MHEEEESIERSHH

WL a4 A (3) T ABTS H LIS BR R,
THBER (% )=[1-(A,~A,)/A]x100 (3)
Ao S HO R ¥ W WG B A A

ai VBRI PBS 2 (il WG JBE 5 A D AR i VRO

LI WO

1.3.83 HEFILFEAENME S% Benzie HF

Mg 77k, il A TAEW, K 900 wL FRAP T4E

5 B B I MR 0.5,1.0,2.0,4.0 mg/mL 4 100

wL AR Z MR SIS WOR A, 37 CCI N 5 min, T

1 595 nm AR E ROGE  SFATINGE 3 WK AE FeSO,

WREAR AL I 2R o TT KL 2 R S 0 4 B A R g

71 (umol/L) ,

1.3.9 Hdliadr SR MERE 3, HIELF

YIE + bl 22 87K 128 H Microsoft Excel 2010 %%

PR, SPSS 27 o @ R H Origin Pro 2021 %3

il AH 1 3%

8 P AN [R] & e A ML 22 R A5 R 5 32 2 4y L
F1, KOG Z R, 18 11.42% ;11
KRR TR 2R AR AR, R 1.07%, WReragen
W HIFSE T A [ 45 By v 0 K 7 22 W 75 SR 10 52 )
Hyp#HoOKkBREN KRG EZHEHRERN 1.21%~
3.45%., KEPHLZHN & 2 mIL, 8 Fh &k
FLZ B AR P OB = 13.34%~83.67%, Hrp
R WSk Ry ML 2 W By T BB S R R, Jiang
AUl Mg R PRI T 2, R
63.43%,, 8 F I KL KM 22 v 38 5 A RIS 1R,
THRXETE 1.71%~7.46%, Lo kEBEEGHH £
WIS R & B iy o X — 45 SRR T R FLAT
KRB Z 0 h AR R 2 0 T2, M2
W HP B T 1 S8 235 4 th X 2 B AR TR T LA S
) i 1 i 2 e TR S 1 SRR 2 0 P R A
BB TCA J7 15 0T LA 20 B ot 2 0 22 0 vh 2

HZ T,

2 HR5HH
x1 8WMABEMESHEBESIERS

Table 1 The yields and main components of crude polysaccharide from eight kinds of fermented bean flour
H o %1% BAEE /% PEEEER 22 /% G REE%
&2 9.35+ 041 28.84 +4.54 2.84 +0.99 —
E A 2.89 +0.46 45.83 £8.52 3.89 £0.24 —
p A 8.47 +1.08 13.34 £ 0.62 2.35+0.29 —
%8 5.86 +0.36 83.67 £ 6.36 4.81+£0.12 0.39+0.55
418 1142 +1.32 64.12 + 8.38 239 +0.81 —
Xz 11.11 £0.35 36.74 £ 1.53 7.46 +0.38 —
g 11.37+0.73 2420 +4.44 1.71 £ 0.09 —
X & 1.07 £0.03 31.98 £ 0.99 5.21 £0.81 5.95+0.52

TE 37 ARAG Y 5 2 rb BIOHE 357 AP 35 R0 s b o O 22 R

22 HZHESTRESH

8 i A 1 WA RL 2 03 1 o A 45 2R ]
1IN o 3X 8 il A e S A 22 0 1O AR5 22 0 = 22
ARSI T B EE ) 201 OB o B R
L IEEOEINER =S5 I NI AR B R /N
SR NTICR TN EOE B2 (R R
i 43 ik 18.90,36.67,18.93,17.10,0.35,5.51,
18.87,2.44 ku, KLk SR Z A 242 7
F TR 53 179.20,36.67,4.3,0.19 ku, H i kL

4359°h 24.95% ,43.57%,30.16% ,1.13% , % B4k G
MZSA 1A &0 15 2045 (179.20
ku), KEG SRR R Y] 20T TR GE R
me HeAT A AR T1, 437 0T K 2 W5 125 (a1 2
PR X R, A WG PR = o R T O R R 2
B RS T RN 2.44 ka WO TR, H
M7 HoR 95.33%, KSR TR RLZ A8 T RRIE 2051
Oy F e 5.51 ka, H 4 Hh 86.87% ., T FLAT
TR 2 T ) P AT B 2 IR M 2 W ) 3 - o o
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179.20 ku 18.93 ku 20ku 035ka 0.11ku 2.3 %ﬂ%*}?ﬂ‘]%*}?éﬂﬁk

— T B 2 7 43 ML B it 4 MR 2EL L4 1
I P N 2 IR 8 B TR SRR LA 405 5

L/ SRAAVRLZ M B 0 (0.527%) LB RE
i 5 M2 (2.506% ) . #i % W5 (93.545% ) F1 > L B
; (3.421%) 2 1K . K 36 O R 2 0 £ 5 dy o

FLWH B R (8.227% ) \Hi % % (63.957%) . - FL ¥k

| gy
PN S==] (8.816%) AN (4.3719% ) FITH{ B (14.630% )
| | T~ SPIURALI R SR M ) T il 5

SZ&%HT.Q{ E— (26.175%) . EFLBEEERR (5.622%) . “FFL bk
Retention timefumin (55.844% ) FFTHLATIE (12.359% ) 2 A, % 1% i

Vil oKHE,2. 4053 91H.4 BE.5 FE.6 BE,T. R ORYRL 22 LB R (2.80200) . A b
2.8 K, TR, (85.557%) F-FLHE (7.740% ) BT LAV HE (3.811% )
B1 SHEBREHESROATRENE GLAL. % TR R 228 A AT (96.065% ) F:

Fig.1 Molecular weight distribution of crude ?Lﬁ(2.079%) Jk*%((),]SI%)ﬂt*ﬂ Wi‘ﬂﬂ#ﬁ(lﬂm%)

polysaccharide from eight fermented bean flour
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Fig.2 Liquid chromatogram of crude polysaccharide monosaccharide composition of eight fermented bean flour

x2 BWEHEMR
Table 2 Monosaccharide composition
e £ F/%
Man GleN Rha Gle-UA Gal-UA  GalN Gle Gal Xyl Ara Fuc

% 0.527 0.000 0.000 0.000 2.506 0.000  93.545 3.421 0.000 0.000 0.000
F-A 0.000 0.000 0.000 0.000 8.227 0.000 63957  8.816 4.371 14.630  0.000
LA 0.000 0.000 0.000 0.000 0.000 0.000  100.000  0.000 0.000 0.000 0.000
A 0.000 0.000 0.000 0.000 0.000 0.000  100.000  0.000 0.000 0.000 0.000
g 0.000 0.000 0.000 0.000 0.000 0.000  100.000  0.000 0.000 0.000 0.000
X 26.175  0.000 0.000 0.000 5.622 0.000 0.000  55.844  0.000 12.359  0.000
J B 0.000 0.000 0.000 0.000 0.000 0.000  96.065  2.079 0.151 1.704 0.000
B 0.000 0.000 0.000 0.000 2.892 0.000  85.557  7.740 0.000 3.811 0.000

I Man. HEHE, GleN. & IEA AP B 2h , Rha, WZEHE, Gle-UA. % BiRE R , Gal-UA. LSS AR , GaIN. &L P ZLBEEh MR 4k, Cle.
HWE, Gal. FLBE, Xyl AW, Ara. TR, Fue. &8 H,
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Fa 8, A 0 O i A o PR AR AR 5 A ke R
it MR A AR s, R EA R
A TR AR E IR R O) A e ot
AR L, FEON IR T4589 . Meng
S R 5T 3R W] 22 W ) B S AT T 5 2 0 B SRR
oy LB FIBE F B R — i R R, AR b
Lo A% 22 B I B 8 Ak I A — s S
2.4 FHEEELAIMLIE

8 Filt Jz M I M HL 22 B £ AN ik 2 S & 3
7163 650~3 200 em™ BYFFAEIESE H O-H 45 9k 2h
SR, 205455 PR 8] 0 0B e (0P A
To R RRAENE BT 8 Bl & E R HL Z M 7E 3 420
em™ BT B BRI 04 O 7E 2 930 em™ BT ERAY
FRAE 0, J& 2550 F P Y C-H 252 7E 9 BR T
3000 em™ By DX, AN TR R 18 B S0 B A 4 ik 3l W
WSO AF X A 555, 3 R R A T R e S B R AU Y
— /MU R AL Z A TE 3 009 em™ Ak
A=A/ 8 TR IR AE 1 747 em™ Fl 1 671
em™ Ab X HAG Wi H Sl C=0 il 46 4k 3 1
AR S B 8 b R T N R 2 v I AE AR BRI IR
S0 EEB IR 3 1640 em™ £bK
HR I A U L R BH R 22 B R R AR S IR
980~1 200 cm™ 1 [ A 1) W WAC 0 2 it g 5048+ A0
i 25 B S W IS I X 3R B 20 A F T AR AR IR
C-0-C %5#,8 Fl & BE KM ZHE7E 1023 em™ Fff
AT X EAT I W i 842 em™ il 896 em™ i I Ak Y
W S 2% B R B OB L Z B T R o T BT
PR AL R 285 275 0 A T A 8 P R I
By i 2 BB AR 2046 IE I R UYL
B Y IBCRRAE . 20 1) 45 R AIE 1T RE S ) 22
Iy TP EALIEPE, i-COOH . -OH %5 3 A 1 17
A W] BEHG N 22 5 53 - 1P A AR RE 1B,
25 HHSEBREAE

8 il & T K AL Z2 HEAE 40 000 A5 HLEE T 1Y L
BEERERWIEAWME 4 PR, EBERULE R S5
Ky . i SO0 R SRy 0 R 2 b T B R R
(45 HE, Horh R e 2k OOk R 22 WE 32 30 0 5 Y
PAFRRE . JPRMEEPHL G M S 2 M4 R B
INZZWER T WOIE B Rk RBELL Ok K
i 2R R R I S R R 2 W AN ST Y v M
B4, ELTUTRE IO & JE R R 1 — BRI, e Tk
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' ' " '
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Fig.3 FT-IR spectra of crude polysaccharide from

eight kinds of fermented bean flour

M 2R R A B N ERAIR S, LB
i 2T A5 (T8 28 22 5 T g 5 ) % 1 w200 1) B2
AR BT | 43 5T d KN DA Koy - S A A G,

2.6 MHZBEHAELFESHT

2.6.1 DPPH H W AEBRAES) MKl 5 AlA,8 Ff
RIEEG R 2R B (0.25~1.5 mg/mL) 5
DPPH [ H 5 3 B % Z o] B A — 2 19 1E A O¢ ¢
R, 8 P A AL Z X DPPH 1 i 3L 1 BR AL
BRI T VC, 33X 8 Tl & 1 5Ky 9 R 22 0 7 W %o
DPPH [ H1 3 TH BR A1 [Cso {8, 7301 A TR 52453
L Z B5 0.60 mg/mL, & BEUL G K KL Z b5 2.18 mg/
ml & B 21 G0 HL 2 B8 5.58 mg/ml, & 9 2% 5K
HZHE 0.98 mg/mL, & ¥ &8 L Z B 0.07 mg/
mL & B B 50 ML 2 B8 2.07 mg/mL . & % 5K
HLZ B 9.30 mg/mL Fl & B3¢ 2 HLZ M 2.76 mg/
ml, % B SR Z BT DPPH [ i 5L 75 R 3UR:
By, 24 H R R B A B 0.25 mg/mlL B T bR R
BT 50% 5 24 T ik B R 2 1.5 mg/ml B W5 BR
RATIK 63.89% ., 175 AFP AT Y A I EL 5L 2 HE i
IR EALE 4 mg/mL B %t DPPH [ 1 3555 B R ik
68.40% .,

2.6.2 ABTS*H H3EIGFRAE S HEl 6 AT, 8 F
KBS Z RN Rk E (0.5~4 mg/mL) 5
ABTS' [ B FEVE BR R Z Ml B — & M IEAH G E R
KRBTGS KM ILE R &
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Fig.4 Scanning electron microscopic images of crude polysaccharide from eight kinds of fermented bean flour

OB SR RN KA AR 2R 1 2K BR R 1Cs,
& 7 % &/ 67.96,0.67,0.95,21.01,7.50,6.02,
215.00,2.65 mg/mL., 8 Ff & [ & fy AL Z B X] ABTS*
H T BR A8 KK R 4 T K > B 0> 38 T >
ISHLE SN > &, KA SR HLZ XS ABTS?
I H SEVE BR AR B K, TR B R R 2 B X
ABTS* [ H 3£ 75 BRAE J7 5 55 . SLHROR S5 5% 2 W
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Fig.5 DPPH free radical scavenging activities

2,63 BRETIRIEAES I T AT, 8 Bh Ak
LA AL 22 B S JE (0.5~4 mg/mL) B9,
XHER S 1 1A JEURE ST BN A 2 o e

Z RS EALIE M S 2 B 7 i 1 W 4y
O AN Y 22 W T i BB A v s TR 4 A
A RERERE IR R BOLHU AL TR MR AR RS TR
HLmh &A1 11792 ku I T R4S,
A A R T H B X ABTS i JE 45 4 19 5 B
R,

0.5 mg/mL
1 mg/mL
100 |- 2 mg/mL 3

4mg/mL

h

8OF N

TR R T LR R R

FEEE S e e R e FE R T EE TR E

TR
Scavenging rate/%

/
l
1 ¥
’.
[l
&

=
n

2 5 OBE
EETELES
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B 6 ABTS'HHREBKREREE

Fig.6 ABTS' free radical scavenging activities

HLAA‘AA!‘J
a

H 4 mg/mL B}, BFELTE N Ok W E N KRG
M. UK. BEERY . A SN FIE SR R 2 hE
FRAP {843 %1} 89.40,155.85,97.90,115.67,94.04,
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Fig.7 TIron ion-reducing abilities

107.94,106.40,104.85,107.94 wmol/L , H: v & it 4
A Z R RS IR IR ) oo, KIHLL UM 2
WER RS TR IR RE Ty de 59 . R ISk R L 2R
S22 30 B R 1) B P R T R 2 4 i L
MR JRBE J1 . =F PAEBIE I i 91 5 R i 22 W5 A i
R EE N 4 mg/mL B X R B 138 JRURE T O 350
pmol/L,

3 it

AHIEFERT 8 Fh T 1k FLAT 1R & 8% AR 22 W Y
SRR S PUEALBE S AT T AT . R RELL
TR ML Z B R e (11.42%) , K BE K TR ML £
WAL IRAR(1.07%) . 8 Fh & I BoRHHL 2 Ml b 3 &5
AR RR 4 1, A& T2 OO 22 MW I R 7 i A v
8 Tt & I 5 M ML 22 0 2 B R AR A0 1 0 1 2 4
TR, H 27 & X E] R 0.35~36.67 ku, H
T R TR 4R R B R 2 AL B 1 20 R 2
%, REERGH KK W 8 B R H2
T rb 2 5 2 U AN BT RO ; T A B AR SR (4D
A AL R (A 2 0 2 BN R T 45 . 8
T I R FL 2 B2 AT 75 & Z Mk & i
FRIEMR IR, AN TR) & T 0 R 22 4 o B 41 4 R L
B ES, Hh kB G0 2 05 PR = H 5
FAFRRE . R E S 1 I 581 (IC5:0.07 mg/mL) (K5
#1 (1C5:0.60 mg/mL) Fl £ & 3 (IC5:0.98 mg/ml.)
(14 Z K5 XF DPPH [ Hh 56 26 30 R 47 19 7 B 4%
B, REEGE B ZE (1C5:0.67 mg/mL) Xt

ABTS* [ 315 bR AE 77 e 0t A I 2 05 ML 22 W 114
R Tk R RE ST R0 £35S0 T, T I LT I A I
(4 8 b SR RLZ2 Bl T A e 2k by R 2 W 3R B A
R PR,

& £ x #

[1]  ABECE, RBUR, ZFHEIL, & AZESIREms 4

P 3 B HG 7 T e W Y R LD). P R AR A
2022, 37(12): 277-285.
ZHENG H J, ZHU X C, LI Y J, et al. A review
of functional components, bioactivities and product
development of white kidney bean[]]. Journal of the
Chinese Cereals and Oils 2022, 37
(12). 277-285.

(2] EHET, AR, TORRS, S PIRP AN SOk ML
B2 1 1 =L ol 2 ) = e Y
H, 2024, 45(12): 140-150.

QU Y N, LI H, XIANG D S, et al. Comparative

Association

on the hypoglycemic and lipid—lowering activities in
vitro of crude polysaccharides from fermented bean
flour by two types of bacterialJ]. Science and Tech-
nology of Food Industry, 2024, 45(12). 140-150.
[3] RUT, Z—=5, AR, . T A ORI ABIR
PR S5 & i 1 5 20 BT 28 1 W LA 81 A T 500 0ORY
iof F R KRR R AR )] A S T, 2023, 49
(5): 253-262.
SONG H, LI Y X, LI R,

combined with electronic nose to analyze the flavor

et al. SPME/GC -MS

characteristics of okara beverages fermented by Lac-
tobacillus caseil]]. Food and Fermentation Industries,
2023, 49(5): 253-262.

[4]  BRR, e, BUEME, . — kT B ILAT R AR

T e e B R W ELFLBME ] B RO ST R,
2017, 38(17): 17-21.
CHEN P, DANG H, HE G Q, et al. Study on the
biological characteristics of Lactobacillus casei and
application in the fermented soymilk produce [J].
Food Research and Development, 2017, 38 (17):
17-21.

[5] B, Vi, ERE, % kS 2 IER
JIN B PN BT S AR SEBR AT T[] i L A4,
2010, 31(9): 337-338.

GONG J H, XU X H, WANG J M, et al. Experi-
mental study on polysaccharide in Dolichos lablab L.



5524 4 A58 W

TRSUAT I R B 204 S A 2 M A B AL T 1

119

8]

[10]

[11]

[12]

on antioxidant and immune of polysaccharide in
normal mice[J]. Science and Technology of Food In-
dustry, 2010, 31(9): 337-338.

YANG Y, ZHU Y Y, REN G X. Antioxidant and

immunoregulatory  activity of alkali —extractable
polysaccharides from mung bean [J]. International
Journal of Biological Macromolecules, 2016, 84:

289-294.
LI SL, JINZY, HU D J, et al. Effect of solid-
state fermentation with Lactobacillus casei on the
nutritional value, isoflavones, phenolic acids and
antioxidant activity of whole soybean flour[J]. LWT,
2020, 125: 109264.

g%, £, BocH, A IE SRR 20 A 6
45 20 W 2 K R A B S G R S ] B R R
2022, 43(17): 42-49.

MA G X, WANG H, YANG W J, et al. Effects of
different extraction processes on structural character-
istic and immunomodulatory activity of Pleurotus
eryngii polysaccharide [J]. Food Science, 2022, 43
(17): 42-49.

HUANG G L, CHEN F, YANG W ],

et al.
Preparation,  deproteinization and  comparison  of
bioactive polysaccharides[J]. Trends in Food Science
& Technology, 2021, 109. 564-568.

ST, WA RMXUR, SR RZEIRAT E K
X G RM 2 WS 5 PR AT PR RS R )] B T
bR, 2023, 44(17). 129-138.

QU Y N, XU M Y, TANG S Q, et al. Effects of
the structure and antioxidant activity of legume
crude polysaccharides after Bacillus subtilis fermen-
tation[J]. Science and Technology of Food Industry,
2023, 44(17): 129-138.

XNZEE, XMRG, S EM, 5. B Z R RAE
HYEAE SN[ &8 TR, 2022, 43
(12): 54-61.

LIUY Z, LIU PY, ZHAO Y M, et al. Character-
ization and antioxidant activity analysis of polysac-
charides from day lily[J]. Science and Technology of
Food Industry, 2022, 43(12): 54-61.

TR, XBEIT, sk, . IR ZAE LML 20
B &5 F R AR K G 25 A 0 R LR AT R
2020, 20(12): 62-71.

WANG Y F, DENG Y Y, ZANG Y, et al. Com-
parison of structural characteristics and beneficial
polysaccharides and  oat

properties  of  longan

[13]

[14]

[15]

[16]

[17]

(18]

[19]

polysaccharides [J]. Journal of Chinese Institute of
Food Science and Technology, 2020, 20(12). 62-71.
T W, EWE, 5. Sk IR IRV 2
09 73 88 Atk K g5 K AT 0], B RE oA, 2021, 42
(10): 52-57.

WANG S Q, HU Y B, ZHAI L Y, et al. Purifica-
tion and structure analysis of soluble acidic polysac-
charides from soybean dregs[J]. Food Science, 2021,
42(10): 52-57.

ZHENG C P, DONG Q, CHEN H J, et al. Struc-
tural characterization of a polysaccharide from
Chrysanthemum morifolium flowers and its antioxi-
dant activity[J]. Carbohydrate Polymers, 2015, 130:
113-121.

RIREE, Wb, (TR, F. PRI IR L 2
I 45 B F0 A W s PR B AR, 2022, 43(9):
95-102.

ZHANG W X, HU Y H, HE J Q, et al. Struc-
tures and biological activities of two acidic polysac-
charides from Lycopi HerbalJ]. Food Science, 2022,
43(9): 95-102.

R, OME, B, B ETHEZRESE A0
ERATEACACHPLEL)]. BBk, 2022, 43(15):
69-78.

YUAN B, BU W, DAI W W, et al. Isolation and
structural characterization of an antioxidant polysac-
charide from purple sweet potato and metabonomic
evaluation of its antioxidant mechanism[J]. Food Sci-
ence, 2022, 43(15): 69-78.

XUBEIE , 2B, A0, S, WIAD G B LR I e <
ZHER A RAE R BT E A )] B R
2022, 43(7):. 31-37.

LIU Y T, LI L J, LI C, et al. Preparation, char-
acterization and antioxidant activity of two selenium—
enriched polysaccharides from Suillellus luridus|J].
Food Science, 2022, 43(7). 31-37.

VR, S0y, =B, S RROEZ BRI A B
KEPEMTFET. h R s AE R, 2022, 22(4): 55-
66.

CHEN S, FENG R F, YUAN Y, et al. Study on
carboxylation modification and activity of polysaccha-
ride acid jujube[J]. Journal of Chinese Institute of
Food Science and Technology, 2022, 22(4): 55-66.
JIANG L, WANG W J, WEN P W,

water—soluble polysaccharides from mung bean skin:

et al. Two

Physicochemical characterization, antioxidant and



120 BOE B A R 2024 445 8 1]
antibacterial activities[J]. Food Hydrocolloids, 2020, 41(6): 36-42.
100: 105412. ZHANG M, ZHANG Y, XU S B, et al. Prepara-
[20] BENZIE 1 F F, STRAIN J J. The ferric reducing tion, structural characteristics and antioxidant activi-
ability of plasma (FRAP) as a measure of “antioxi- ty of polysaccharide —iron complex from Fritillaria
dant power’: The FRAP assay[J]. Analytical Bio- ussuriensis|J]. Food Science, 2020, 41(6). 36-42.
chemistry, 1996, 239(1): 70-76. [28] WANG K J, GUO J T, CHENG J X, et al. Ulira-
[21] Brer, ERA, 0k, % AFITEERKT 20 sound —assisted extraction of polysaccharide from
B T 2RACARgE ). B M AEA, 2010, 31(4): 6-10. spent Lentinus edodes substrate: Process optimiza-
CHEN H, WANG D W, LI X, et al. Study on the tion, precipitation, structural characterization and
optimization of extraction process of soybean antioxidant activity[J]. International Journal of Biolog-
polysaccharide by different methods [J]. Food Sci- ical Macromolecules, 2021, 191: 1038-1045.
ence, 2010, 31(4): 6-10. [29] XEFFae, xlpd, XBEEL. P o A ZOR M) ks
[22] ZHANG C H, YU Y, LIANG Y Z, et al. Purifica- Bh2E ML, 2007 74-75.
tion, partial characterization and antioxidant activity DENG Q Y, LIU L, DENG H M. Pop analysis tu-
of polysaccharides from Glycyrrhiza wuralensis [J]. torial[M]. Beijing: Science Press, 2007: 74-75.
International Journal of Biological Macromolecules, [30] MA C L, BAI J] W, SHAO C T, et al. Degrada-
2015, 79: 681-686. tion of blue honeysuckle polysaccharides, structural
[23] XeHksR, MAR, FIEE, % SRREZZGUZE characteristics and antiglycation and hypoglycemic
FL VAR 2 8 i B AU A TS R ). A B AR, 2019, 40 activities of degraded products[]J]. Food Research In-
(19). 60-68. ternational, 2021, 143. 110281.
NIE L R, HAO L M, WANG T T, et al. Antioxi- [B1] ZETA. PUebis rE2s 2 Ml 206 R 5E[D]. L.
dant activity of crude polysaccharides from Fomitop- el ke, 2019.
sis pinicola from different geographical origins [J]. Al 'Y J. Study on the structure—activity relationship
Food Science, 2019, 40(19). 60-68. of antioxidant tea polysaccharidesD] Wuhan: Huazhong
[24] SkEGF, AEEERE, sk, 5. BN 2R Agricultural University, 2019.
afifl B2 S H U AR S R SEL)] B Tl R [32] ZUNEE, Xz, BHASH 200 AL R ST AL 1
e, 2023, 44(13). 71-78. S5RNENED). &R, 2020, 41(15): 201-207.
ZHANG R P, RENG Z H, ZHANG H N, et al. JIAO X Q, LIU Y. Characterization, antioxidant ac-
Isolation, purification, monosaccharide composition tivity in wvitro and toxicity in vivo of polysaccharides
and antioxidant activity of polysaccharides from cor- from Rubus suavissimus S. Lee leaves[J]. Food Sci-
tex periplocae [J]. Science and Technology of Food ence, 2020, 41(15). 201-207.
Industry, 2023, 44(13). 71-78. [33] ok, sk]HZ, R22T5, & w2l
[25] FPRAME, RIcde, RAWL, S AR AR R 2 . SRR S AR WG R B ARk, 2017, 38
19 ERAEPE BT BT AT PR R M T M R )] B Tk (17): 126-131.
B, 2020, 41(19): 39-44. JING Y S, ZHANG D S, WU L F, et al. Purifica-
YIN S H, WU W Y, SONG Y H, et al. Physico- tion and structural characterization of polysaccharide
chemical properties, antioxidant and antibacterial from Polygala tenuifolia and its biological activity[J].
capacities of non -—starch polysaccharide from Food Science, 2017, 38(17): 126-131.
Dolichos lablab L.[J]. Science and Technology of [34] WEI C Y, HE P F, HE L, et al. Structure char-
Food Industry, 2020, 41(19): 39-44. acterization and biological activities of a pectic
[26] MENG L, SUN S S, LI R, et al. Antioxidant ac- polysaccharide from cupule of Castanea henryi[]].
tivity of polysaccharides produced by Hirsutella sp. International Journal of Biological Macromolecules,
and relation with their chemical characteristics [J]. 2018, 109: 65-75.
Carbohydrate Polymers, 2015, 117 452-457. [35] Eb, WAL, whaiR, . 6 Tl 2 M4 |
[27] &, KT, RO, RIS YR P S50 N HT A M 0 LRI SELT). B S S O

B R B UL TED]. B AR, 2020,

K, 2021, 42(16). 7-15.



5524 % 458 TR R A T S BEMFEL RAAER 121

WANG S, ZHAO D X, HAN C F, et al. A com- charide and study on its anti—oxidation in wvitrol[J].
parative study on the structure, properties and an- Journal of Shenyang Agricultural University, 2021,
tioxidant activity of six active polysaccharides [J]. 52(2). 224-231.

Food Research And Development, 2021, 42 (16): [37] =3, KN, LER, 5. ULEAFRERN Z L,
7-15. FREAE R bt S A PERE U AR(T). B, 2022, 43

[36] #pim, EAE, WM, . OB B RIEL S 2 (16): 61-67.

I A Ak B2 AR A1 BT SR AR B 5[0 Tk BH AR R 2 2= iz XIN Y, SONG X X, WANG Y X, et al. Compari-
2021, 52(2). 224-231. son of structural characteristics and antioxidant
YANG Q, WANG Z, GAI Z H, et al. Optimization properties of polysaccharides from different parts of
of ultrasonic assisted extraction of cowpea polysac- cowpealJ]. Food Science, 2022, 43(16): 61-67.

Structural Characteristics and Antioxidant Activities of Crude Polysaccharides
from Fermented Bean Flour by Lactobacillus casei

Qu Yaning', Xu Mengyue', Li Hui', Wang Lu', Guo Rui’, Wang Hongbo'*
(‘Research Center of Food Nuirition and Safety, School of Life Sciences, Jianghan University, Wuhan 430056
’Hubei Province Engineering Research Center for Legume Plants, Wuhan 430056)

Abstract In this study, the samples of crude polysaccharides were prepared from 8 kinds of fermented bean flour by
Lactobacillus casei, and the yield, structural characteristics and antioxidant activities of these crude polysaccharides were
compared and analyzed. The results showed that the yields of crude polysaccharides were between 1.07% and 11.42%,
and the yield of crude polysaccharides from fermented red bean flour showed the highest value (11.42%). All of the
crude polysaccharides contained uronic acid, and the uronic acid in crude polysaccharides from fermented kidney bean
flour showed the highest content 7.46%. The molecular weight of main polysaccharides was between 0.35-36.67 ku, and
the crude polysaccharides from fermented mung bean flour contained the most types of polysaccharide molecules. The
crude polysaccharides were composed of mannose, glucuronic acid, glucose, galactose, xylose and arabinose with differ-
ent contents. The apparent form of crude polysaccharides was flaky, loose and irregular, and the crude polysaccharide
from fermented mung bean flour showed the highest degree of looseness. The infrared spectra of crude polysaccharides
from 8 kinds of fermented bean flour was consistent with the characteristic absorption of polysaccharide compounds. The
crude polysaccharides from 8 kinds of fermented bean flour showed different antioxidant activities: the ICs values for
scavenging DPPH radical of fermented lentil and crude mung bean polysaccharides were 0.07 mg/mL and 0.98 mg/mL, re-
spectively, the crude polysaccharides from fermented lentil flour had the best scavenging effect on DPPH radical. The
ICs value for scavenging ABTS radical cation of crude polysaccharides from fermented mung bean flour was 0.67 mg/mlL,
which showed the best scavenging ability for ABTS radical cation and crude polysaccharides from mung bean flour also
showed the highest reduction ability to iron ions. Compared with the crude polysaccharides from 8 kinds of fermented
bean flour by Lactobacillus caset, the crude polysaccharides from fermented mung bean flour showed the best antioxidant
activity. It provided an important theoretical basis for the nutritional evaluation of fermented bean foods by Lactobacillus
casel.

Keywords fermented bean flour; crude polysaccharide; structural characteristics; antioxidant activity



