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WESFF AT E & B SRR EY B S LS R R0

BRK', BEH, FHEW, FRE, I K, # B, Fak'?
((ZRARFAFHFFR RBERLLELEHL P KR 430056

Pl X GRERY TREERAL P KX 430056)

WE SHALTENIZFTRERY, T EERDORAND LA EEYh, KAFEA AL FIFE ATCC 6051 A 8%
SH AL S ABTLER R THED AL ZTFRANERNYrh, AFs s 2 52 %3 K2 hiksninid
B4 AT 24.19%,57.89% ,123.78% ,172.90% ,225.32% ,300.00% ,343.17% , 3+ X w7 J& 8 #F & % F 19 @y £ 4L
S hEFHE LI KB IR T FILEE KRR TR AT A MEE K3 5dfm a6 DPPH 4
WA AR ABTS 8 WA AR EREAZKSB FTERIEAHRSG, Er4 25 DPPH & G AR EH ABTS A & & k&
PB4k B F R RGN AR R FARE (P<0.01), )LE % A#pssdFi 5 DPPH # B 348 % (P<0.01), A L% % 5 DPPH
BHABR(P<0.05), TR AM 25 KE REFHIRAANREFENALAHHE T AR ERSRANERF HEA

B BRA EATAHLEDREROITFAL,
XKiEiE REFTHAE,; £, BEHR; HAKER
XEHE  1009-7848(2024)01-0291-10

LA E A oK AL G W) AR 1 5T 45 7
g3 E AR 2 20 IR SR S5 A W T T R
W) 2 W& | 2 AFAE T AR N B i A AR
FEAAAE TR R e AR ARG E D B
AHUEA HORE IR AR [E B LA b0
G 1L S T Ak, A 2 © 5 R B S AR
BRIz RS L R TR R R R
RS GAE N, MUY R B R E SRR
AEFIA: DG PE DGR, H AT, Al B 2R AT LR T
/b it L A S A A A ] O 2R R TR A
IR AT BT (Bacillus subtilis) H T & fh fsh )
TRk 7= b BN T A R 2 LT TR T A L O A
NI ISR /g ST dNIE D ORI ND e 2 111
B ZE AR TR R R Y B E R  (E R AR i
AEAS ) i 2 2360 Sanjukt ZEOBIF T A 51 25 1
FFTR & R SRR G, R & 40 1.93 mg
GAE/g 1 1.64 mg GAE/g 3 % 7.9~8.4 mg GAE/g
1 6.9~7.5 mg GAE/g, H KT DPPH A i 31

RS EHE . 2023-01-18

BE&WMB . RS &R o H (CXY202202) ; #4L
T M R R AU T TR (R & [2021]
2 5 ;1L FSAF &3R5 H (2022BBA0064 )

E—1EE . FFEOUR, & itk

BIEEE. F4005 E-mail: bobol10110165@sina.com

DOI: 10.16429/j.1009-7848.2024.01.029

B3R M 1.3 mg AAE/g 4% 29.9 mg AAE/g, Limon
SENOIE 5 S R SR B 28 At B 2 AT TR BE SR, AT
P By 25 & & AF 48 h 1 96 h 4 5l $2 Tt 96% Fil
126%, HAA A HIEBREE T 170 mg TE/g fic &
W% 540 mg TE/g, B Hi 0 A0 W B0 A ) 40 i
HAREEM, PG A R TR Ak
HH Wy 26 T 5 b A A e O A O,
] 9 A1 BEAT WF 5 438 22 S AR A ) R X 1~5
ol U 5 2 I 2 B ik bt AU AR T R 1 L B F O
A 5E 2R 2l /b, HR [ By 2 i & A8 1k
WEFE WA 53, ASBIEFE T A B ZE L FF 2 ATCC
6051 KB4 vl LG £00 RN B,
KE UL e 5B 2, 19 Fl 22 1 259 S5 41 N
PTG PRS2, Ay b A G T LS Y
TR AT fR BB 2% |

1 #MREFZE
1.1 RS
PG (4E &/E HEH 45 KE B
TORE Ok E), WAL B3 (H ) MY TR
BIEFE AL o RIS B 2R AT B ATCC 6051 R T
TLDUR 2B B IR 5 Z a5,
6-F£3-2,5,7, 8- H FE {0 fe -2 - F2 e (6-
Hydroxy-2,5,7,8—tetramethylchroman-2—-carboxylic
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acid, Trolox) ./ T .2,4,6- = (2B % )-1,3,5-
— W (2,4,6-Tri (2-pyridyl) -1,3,5 —triazine,
TPTZ) , At 5 Z K E A H  SAL A EERR 55 19 Fibr e
i, F2[E Sigma 2~ F] ;2,27 -BRE M- (3- 2 AR I
I9E I8 PR —6—fitf ik ) — Wiz 4 (2,2 —Azinobis (3 —ethyl-
benzothi azoline—6—sulfonic acid) ammonium salt,
ABTS);1,1- — R R 22— =m 3 AE M (1,1-
Diphenyl-2—picrylhydrazyl ,DPPH) , 2% 5K\ A
LB (Luria—Bertani ) [ 17 3% 7% 5 | W 18 A= ) 57 AR A7 BR
8] ICE BRI 2 GO W T E 25 A A
12 N&E5EE

YRE-201D jigh47& % &% (BCA SHZ-D M4 #f
KAEZER), TR A R ITE A A SPX-
150B-7 RUAEARSE R4, BRI A RS 7]
Freezone 6 Plus % % T 4 #L ,LABCONCO; Van-
quish 8 = VAR 835 - BT RS IE ] (G HL 18 25 25 R
PL X TraceFinder % 3% 4 # & 4t ) Multiskan Go
1510 42 3 KB bR 1Y, Thermo A ]
1.3 Fi&
1.3.1 WAEL 4 LB R AR 52 5 T
121 CHAFF K 15 min, K HH T80 CHAT T
1 Bacillus subtilis ATCC 6051 [ AR Rk, T
37 CTHiFR 24 h Je, PRI R HEATIR G 4 5%,
(CEI L
1.3.2 KEEAHE 2% Li 52H Saharan 55111
RMETT ¥ ¥ 8 Bl L2 43 1Ry AR B o Ay
PRI 10 g, B AGE R R, 5 7% 2 K i, KOs
ZAF A 121 °C/15 min, WA G, # 18 5% K BL7 4L
P AR T, T Uik B2 L ¥ ol 37 °C, K eI [A] 35
R T do RIEA G PR 5 BT -80 CUKF 2 Uk
TH: 12 h, T-20 CREAREI,
1.33 MR B4R 22 F AT kLS 25 W)
TP KB g HAEFER TE + A 80%
P 20 mL, B Z44% 25 10 min, B F 35 W0E i
0.22 pm JERE U8 HA IR 2 IR IR DB TR 7R
T2 10mL, MAZBEKERE 25mL, ET-20
C AT 74T
134 SM&EENE 2% Hung S50 & &
I 7 o T AN ] ok B B B T IR AR T M . X
0.5 mL b7V W alORE it IR, A 0.5 miL AR MK 93
WA, $E5), #HE 30s, A 3mL 10 g/100 mL

Na,CO; W, 28K E A 2 5.0 mL, RIS
% 30 min, 7EP K 760 nm b0 5E W (E 22
PRk, SRMHZREETFRY RN TED
M~ (mg GAE/g dw) .,
1.3.5 2P gl s o b R v A i -
J TR FH (b ik o it ) I M S 2l B, (il S
FE 1 512 2% SCRR[16]~[18]AY T3, (i 414
o, 3% FE . Waters HSS T3 (50 mm x2.1 mm,1.8
wm) ;T BIA A MM 4K B AN ZE (A B M
YEAR 01% 4R ); Wi#E 0.3 mL/min; # i .40
°C; #FMEREE.2 wl; FRBHAHBERIRS B R W F 0.0
min K : 2 (90:10,V/V) ;2.0 min 7K : Z i (90:
10,V/V) ;6.0 min 7K : Z. i (40:60,V/V) ;8.0 min 7K :
25 (40:60,V/V) ;8.1 min 7K : ZH5(90:10,V/V);
12.0 min 7K : Z & (90:10,V/V) . ik 54 - 5K FH HL
It 28 B TR B .40 arb; 5 Bh .10 arb; B T
5 HLE -2 800 V3 ik ¥ 350 °C; B FAE A IR
320 °C., FRIEER, B PRI F L
B RE S B 2 T AR v R T A
i
1.3.6  Hrfbis PR e
1.3.6.1 DPPH #HFRTGE M 2 2% 4 J6 W %)
DPPH [ #h 35 B & M e 7 . Be il DPPH %
RN Trolox R AN ARMEV WL . 4% FRLL R 5 KB A
Ay FUA, FRINBGEATINAE :A 8 1 mL DPPH Hin
A1 mL ZE18K A, 8 1 mL bR v 3 SRS 5%
A1 mL Tk S A, 2 1 mL s VR S
WA 1 mL DPPH W, 5251, TRARE A4 T
#E 30 min, TP K 517 nm &b 43510 5E Ay A, F1
A, WG BE(E . RISHREUY DPPH H Hh L3 bR i
PIEBR R RN . DPPH W5 BR R 3 A 0 (1) 115
R (%) = (1-4240)x100 (1)
0

1.3.6.2  ABTS*W& B i& Ml &2 2 % Moghadam
SEPIABTS* T8 B 06 M I 5 7 i o B A%
ABTS* I B 16 P 58 T /R W, e i AS ) o 3 A
Trolox tr{EVER , T8 ABTS* T /F W WOt JE &
0.700+0.001, #BELLF 77 A A, F1 A R il i
HEAFIE A, A 100 WL A 7 7 W BB i b o
A 1 mL ABTS Fi B ,Ao 0 100 pL B B P oim A
1 mL. ABTS B, T 2B 4/F F i & 10 min, T



24 4 1M

A FAATE R BT 2 K P B R A BATE M Rk 293

B 734 nm A 53BN E A A WOGEE(E, 2
FRufE £ . 2RI ABTS H t 2L 35 BR1G 7 L
B w5+ B SR T Trolox 4 & A9 i B8 IR K R
(nmol TE/g dw)., ABTSTE BRI A (2)115
B (%) = (1—%»100 (2)

1.3.63  HETFHRERESME  S% UK
BRESFIR R RE I DN ik . SR AT A FRAP TAE
W, fH AT E 37 °C, Be AN R R B FeSO, -
TH,O FRUEVER . 43 L 100 WL b v 5 ek R 5 i
W, MA 1.8 mL FRAP TAEW ,IR2A),37 CKIB I
B 10 min, T3 K 593 nm &b W 5 W 56 AR, 2241
PR 2, SASEREUY BB ik R AR T LU ST
N IT B R AR M 1 R IR B R (umol
FE/g dw),

1.3.7 Hdaaobr RAR¥E 3 HER, 458 %
RSP (B b7 M 22 " 3R o R SPSS 26 43 B £l di
B i 2 PR LA 6% | Origin Pro 2021 221,

2 HRESMH
21 EREMEETL

PR R AT G 8 a2 R A ARl &
=PTSRS A AR NS AN LA s A N 1R
SO SRR (1.16+0.05), (1.39+0.17) ,
(1.55+0.06), (1.58+0.11), (1.85+0.13), (2.85+
0.13), (4.63+0.30), (5.56+0.59) mg GAE/g dw, &l
ISR EANCHEN L fere = &= SR ) ISR SN a3
i, KEEskG G100 400 Xy &Y BiE KH
At &Sl 4 ik B (4.23£0.54), (3.86+
0.24), (5.75+0.58), (4.50+0.15), (4.14+0.19),
(6.16+0.55), (5.14+0.06) , (4.64+0.55) mg GAE/g
dw, KEEULE S & i N T 30.58%, W figth T
i B ZE AT TR TR K L R P 2 AL TS D A
L, B AL A W A AL A i U1 TR
P, KRN R0 R SN KT e 5B
R S A i B 24.19% ,57.89% ,123.78% ,
172.90% ,225.32% ,300.00% 1 343.17% , % [ 5.2
ST B 0 55 R B 2E AR B R I R A B
A BRI EGA O, SXCFPEG T LLK g LI YEE U FF
e B T 0 B 2 B e =2 J R R R ) 7
JG, NI HG I iiie 5 G 1 25 52, Jhan S5P9RIF 58 AL

| S i 2z nowr
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PR R LT &R % 5N (2.59+0.01) mg GAE/g 3%
Jn% (3.63+0.03) mg GAFE/g, Ali P57 & 81 &
225 SN R B IE N SN Tl I [1
22 EERMEMRAKSH

L2 S 19 F i 2 40 Joa A o i 25 O €53 51
F 1A, J5 8 M 19 MEy b5 &
W, RRULE R G Wi KN 48 K
e SLUE SR N R & A w7 706.92% ,

5

L3 26 39 52 6.5 78
T B 1 1)
Retention time (RT)/min

W B TR 2. RTNAER ;3.3 ,4- R R PR ;4.3 4- 1%
BRI 5 LA R 6. B HRR ;7. MR ;8. T &R ;9. RILAE
F 10 A FEEE 14RO IR 12 0 BLAR ;13 T & 8 14
IKWAIR 515 S BT ELIR 16 97 F 02 517 K PR 518 A AL LR ;
19: e X AHERR

B2 199MBEUEYREREFREEE

Fig.2 lon chromatography of 19 phenolic compound
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TRET 54.91%H 60.59% . 51 5 44 ABTS H
SRR S R E S A S R T RA G,
RO TR R R AL 2 R BUAR TR LY ABTSE
BRIV T RS, ZBER S KT S B R
BV ABTSHEBRIG M LT, /3 4 & T 241.34%,
176.29% ,244.95%F1 570.60% , H: th % & ABTS*i
R EE LTh e . Yu SEPOBIE ST K BRI FE i R
(Cordyceps militaris )SN-18 & g4k 5., H ABTSE
BRiEPERE T T 2.1 5,
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oA A IS AN AR NP i LR = R Y
fie f1 o S T 69.07% ,188.63% ,279.87% Fil
297.12%, KEEGELE G SRS T
WEAE S PR, HPiloR£EZ FHET 61.35%,
Mubhialdin 5P 58 A I A T 0 42 BOY) K 85 -8
JRRETI NBET 6.75%.
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Fig.3 Changes in antioxidant activity of 8 kinds of beans before and after fermentation

FIH 3 BN [T R AL TS T30 5 ik BB o #r
8 PG K R EERT JRPL AT REAS b, FXaE R %
Ui NI AN 1) AR = M s DA S i 2 )
FF TR & I 1 4 i DL SAARTE TR T2 |
24 AREREBMESERBELARSHEANLE
MR K ST

HI2% 2 Al 0, S & S DPPH A L6 BR
WM ABTS A B PRk B 10 JRL AR ) 34 B 2%
AHIE (P<0.01) o X182 1 S PO AN [1) % 57 S Mg 47T 48
TR eI 0, R 5 BT R AL = TE] A
FIEAG , AR R BLAS R KW R 0 e X P
% 5 DPPH FRAP 2 2 5 IEHH X, FFFIRY
DPPH 24k W 3 IEAH X (P<0.01); RILKEYH
DPPH 2 & 3 IEAHC, K% R 5 ABTS &2 1 3% 1EAH
K3 A-ZRFERHF R M AN EER S DPPH
FRAP & W IE M€ (P<0.05) , Z ik & ¥iE % A
FY 6T AP0 T M 32 5 W R 8 R L
B RUR TR R i T B A LA ST, LA
RHKREmIEASY T LLESA B EE TS

B 3L G B B 5 T B R o RO
AR BIE F, 0T KLy R T 554 BT
T P BB 45 B i s A R AL O T T
FIERR A B RN AR F R H R KR
BT THER. T & MR 4-5 58 R
XA GRS BT R AN R R S T R A A Sk
A o T AT SO AN R A 8 25 S R 2R AL A
SHEAIEAT AT, BB TR . Wik
iRt \A—¥2 FER IR G 7 1R R BT 2 R B 5 P Ak
R FE AT

3 Hig

AR 56 I FH G 5 ZE AT B ATCC 6051 & %
BEMAEEMENN 8 MW IWEIR, KRS .
5 A R KRG WG R E T R G 2R 2
GaEWm, HbhhkBucd dimasaits T
343.17%, iK% (6.16+0.55)mg GAE/g dw, K5
8 Bl T i B R TN &R (3,4 BRI R R
R S 3, RIESR S Wit A R
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®2 DB BEAMSHENTENBEXGE
Table 2 Correlation between total phenols, phenolic

composition and antioxidant activity

o] DPPH ABTS FRAP

B By 0.716%%  0.791%%  0.676%*
BAT B 0.251 0.068 0.064
FEE 0.100 0.155 0.074

3 4-=HAETEm 0.442% 0.238 0.305%
3 4-=HEEFE 0127 0.131 0.187

Pl 0.543%* 0.244 0.437%%
EE -0.034 -0.118 -0.021

o ol % -0.212 -0.258 -0.127

T A -0.070 -0.084 -0.073
FILKE 0.353%* 0.193 0.224
KR S -0.188 -0.087 -0.066
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Effects of Bacillus subtilis Fermentation on Phenolic Compounds and Antioxidant Activity
in Legumes

Tang Shuangqing', Lu Huiqi', Li Xiuli', Qiu Yijun', Wang Min', Xu Yuan', Wang Hongho'?*
("Research Center of Food Nutrition and Safety, School of Life Sciences, Jianghan University, Wuhan 430056
’Hubei Province Engineering Research Center for Legume Plants, Wuhan 430056)

Abstract Polyphenols are the main active components of legumes and have important effects on the antioxidant function
of these foods. In this study, Bacillus subtilis ATCC 6051 was used to ferment 8 kinds of legumes, and the effects of
fermentation on the content of phenolic substances and antioxidant activity in legumes were analyzed. The total phenol
content of fermented red bean, kidney bean, broad bean, mung bean, soybean, lentil and pea increased by 24.19%,
57.89%, 123.78%, 172.90%, 225.32%, 300.00% and 343.17%, respectively. The comparison of 19 phenolic compounds
in 8 kinds of beans before and after fermentation showed that fermentation affected the contents of catechin, epicatechin,
salicylic acid and sinapic acid. The DPPH free radical scavenging rate, ABTS* free radical scavenging activity and iron
ion reducing ability of fermented mung bean, soybean, pea and lentil extract were improved. The total phenol content
was significantly correlated with DPPH free radical scavenging activity, ABTS* free radical scavenging activity and iron
ion reduction ability (P<0.01), catechin, salicylic acid and sinapic acid were significantly correlated with DPPH (P<0.01),
epicatechin was significantly correlated with DPPH (P<0.05). The results showed that soybean, mung bean, pea and lentil
were the ideal food raw materials for preparing products rich in phenols and high antioxidant activity by using Bacillus
subtilis fermentation, which is suitable for the development of fermented bean functional food.

Keywords Bacillus subtilis; legume; phenolic compounds; antioxidant activity



