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Abstract: Changes in the contents of active substances (including total phenols and isoflavones) during the fermentation of natto with
Bacillus subtilis natto were studied. Levels of total phenols and isoflavones during the digestive process were measured in an in vitro digestion
experiment, and the pattern of changes in antioxidant activity was studied. The results showed that after bacterial fermentation at high
temperature, total phenolic content and isoflavone content in the after-ripening soybeans (24 h) were increased by 65.12% and decreased by
63.28%, respectively, compared with those of dry soybeans. The in vitro digestion experiments were conducted on the natto samples at different
fermentation stages, and the release rate of total phenolics was 70.64% while the residual rate of isoflavones was 21.79%. Hydroxyl radical
(‘OH), 2,2-diphenyl-1-picrylhydrazyl (DPPH-), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) scavenging abilities and
oxygen radical absorbance capacity (ORAC) were used to determine antioxidant activity. After in vitro digestion, the scavenging ability of
DPPH radicals was decreased in natto at different fermentation stages, and both ABTS scavenging ability and ORAC values were elevated.
During the gastric digestion simulation stage, the scavenging ability of ABST radicals and the ORAC value in the after-ripening soybeans (24 h)
were 1.80 and 2.22 times those of dry beans. During the intestinal digestion simulation stage, the scavenging ability of ABST radicals and the
ORAC value of the after-ripening soybeans were 1.70 and 1.41 times those of dry beans. In summary, the antioxidant activity of the natto was
increased after fermentation, and the natto from the gastric digestion stage showed higher antioxidant activity during the in vitro digestion
process.
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Fig.1 Effect of natto fermentation on total phenolic content
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Fig.2 Effect of natto fermentation on isoflavone content
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Table 1 Effect of simulated digestion on total phenolic content (><10'2 g/g sample)

W@y X  FHBAE  AAXKE  A®12h A#18h K% 24h JE# 12h JE# 24 h
AALIE 826£046°  9.38+0.38°  8.48+029°  10.51£0.51°  12.04+£043°  11.99+048°  13.64+0.64°
Fibib  3.60+0.18%  3.38+0.13¢  3.6240.15%  4.16+0.18°  4.43+0.16°  4.43+023°  4.93+0.21°
B 5.85£034%  632£030°  6.05:026°  7.88+028°  823+032° 833038  9.11£0.33°

E: AP OBMAEATFHETEE (0=3), RFR—ATAFERRFHEATERE (p<0.05).

X T RHE A R T S BRI R R, AR
LN R T N P ey iy N S g S [ 735] 71LED)
BUHOR T SR AR, it Tl I RIE
BRI BT A B S & R ARG T A AL
HE ISR, AR H T B AR s

i B BEBUR, AT B 2 SR,
222 FEESEHTAL

HI 0T 7 B R TE T AR S R S A AR AR
ZIRIXE, DS ARSI I i v AL BT 7T £ i
£ B i Ao P Bz —. Bl E i

81



MR B MR Modern Food Science and Technology 2016, Vol.32, No.11

XY A S S R AR AN N R TR o
3R 2 RALHNTIE R RS BH0RE («10° ¢/g #a)

Table 2 Effect of simulated digestion on isoflavone content (><10'2 g/g sample)

@y THRXE AAKE  AB12h  ABI18h  AB24h  E#H12h BE#H24h
AALIE 168120937  11.65£0.55°  6.78+0.42°  6.63£037°  6.17+032%  6.46+031°  6.17+0.34¢
FiHiL 9354032 8444028  6.28+0.23°  4.84+0.15%  4.46+0.19° 446023 4.86+0.16°
Ml 5694033 4.05+0.16°  33740.15°  1.04+0.03¢  047+0.02° 0.47+0.02°  0.47+0.03°

M 2 FTLLBH R Y, B R A FR AT
S R R R N (p<0.05), LTER G
1, Sl & R AL FE 16.81x107 g/g FEdh T F# 3
AL B 5.69x107 g/g FEML . FIRHERT LRI,
TR T A B EAA /N TS 34 24 h g & Hh S B
A, HBURLBE 508 66.15%H1 92.38%. H51L
P A S B T A BT AR A B AL B Y AL
FES R ERA & . AL, B B
PTG 2 R A RO, 2R ARSI A Ak
H G R S R R, R T AT R
Wi & B AT B A s i e

23 HPUHARE AT K
HA LA TSR 1 & YR AR AR 18 A R

MR ER, R CLZ 1R SE R HIRE 7T A A 2 B
FEMIEH, ASCRA DPPH. ABTS #1 ORAC l5E
PPN AR R B Beah Ext A thIEE RGeS, 80T
RSB b R HR AN R R TR Bl S e Ay ok
IR
2.3.1 DPPH A w2 iFRse

TEAHLEFIT DPPH & — A€ 1 H H12E, DPPH
H I ZBHATAT 517 nm A BRI, 4F
PUAALFIAECERS, DPPH )8 il il e A Y Ui
REEIRSS, TS BIHTA LTI DPPH H H
BRECR, MOk C I N T RARBTAMFIBT AL
e, ghG kAN FIRY BE DPPH [ H L5
RE MBS 3 R,

7% 3 DPPH A E LM ER AN EMRBUB M ER B EALTEME (%)
Table 3 Effect of simulated digestion and fermentation on the DPPH radical-scavenging activity of natto (%)

W@y X  FRRkE  AEKE

LB 12h KB 18h

KB 24h &3 12h JE3k 24 h

HIHAL
ik AL

36.62+1.47°
34.67+1.78° 35.54+231° 34.99+1.16° 33.49+1.12°

47.1243.14°  44.69£1.65° 43.96£1.91°
37.89+1.31* 3539+1.61° 33.46+£2.10°

37.77£2.26°  36.58+1.48° 35.03+1.64°

M ERRT A AFEREEN BN S, gt B
BRIEAL . B LE R E, DPPH H HISHERREED
REFL (p<0.05), FIIBFIKT 16%;: T RKELER
B A Bih DPPH  H HHEE R 5008
47.12%F1 37.89%, JE ik 24 h KGR S HALF i
HALHT Be DPPH H HIETEBRZE 735108 35.03% A1
33.49%. T H., ASFEKREE B A8 G AERBAUTHE Aid F2
H, FE S TERCLB VAR B R DPPH H HHEEIRE )
m T AR BOE R DPPH H HEE1AE
232 HH ABTS g ¢ 48

UHEAFIAELERT, ABTS #8405 4% (e
B H S ABTS', 7EPUANYIFERT ABTS 230k
o PR AFPEIR, JFH24h GIE 1) ABTS HHFEE
BRAE I REE T TERAT (p<0.05), EEE. il
BB, JE 24 24 h KEMTERR ABTS H HIEGE 14>
SRR T 1.86 F1 1.70 5. BT S, AEKRE
B BORIAS R LB BEI9N S, ABTS H LT
REJT PRGN T 78%; TERPIHALIEREF, BIHIH
BOiibR ABTS H A6k b TR b B
Fx ABTS H HIZE 168

* 4 TRIAEENBRFATEHEILH N REEEIENE ABTS MEE (TE, uM)
Table 4 Effect of simulated digestion and fermentation on the ABTS radical-scavenging activity of natto (TE, pM)

Ay R  FHRKE AAKE KB 12h K% 18h KB 24 h JE3 12 h J&3 24 h
Tl 153940.61°  17.6740.91%  21.40+£0.79° 22.73+135°  25.00£0.89° 27.33+1.39°  28.67+1.01°
ilAL 14.9120.85%  15.6740.58°  14.67+0.51¢  14.00£0.59¢  16.21£0.66° 22.48+1.09°  25.33£1.17°

T I 0T b e B I FE AR AL I R B S &
AR IR .. fEREREY, AHmEE2I
B (p<0.05) K&, ABTS HHIEGERIENE
R R UFHIEAHSG-SS K S AP AU A 5 s
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233 AfgdARIEE ) (ORAC) M ik
ORAC 2 ALt B 38 13 B g g o it

%, B KA TR . AR BN E
ORAC {H AN N R TR o

5 ORAC SEMETE L EEN R EHMRALEU M ERBVIEEE (TE, uW)
Table 5 Effect of simulated digestion and fermentation on the ORAC value of natto (TE, pM)

W@k TRRkE AAKE

KB 12h  KR# 18h

KBE24h B 12h E#H24h

B 27.00+1.42¢  28.2441.05¢ 34.82+1.39¢
b4 35.88+1.31°  42.354224%  47.35+1.94°

15.59+0.73°  71.8242.62° 57.65+2.11°  59.94+1.96"
2424x1.45"  61.6542.17° 51.43+2.63° 50.35+£2.37°

H# 5 A%, sk E ORAC EREIHE R, Sk
GAE RIS G R AR T T S 1) B 1Y
(p<0.05), {HEKFESFEFHERPS), FHARTER
P21 18 h/24 h ISR/ N AE s B E 5T
B a3 24 h KEH) ORAC T RER 2.22,
1.40 fi%; TEBHAE RS, B B RE e
2 RE A b TR B bR E B2 RE T

Préa AR 3 i AR PR R B SRR B
H3E . MR A TR R RE 57 T B P A AL E
o B HESE AR LI YE 22 AR A SR 1 () R
W, WL P SRS P S T R A ok 2P
W 5 RIS . A TE DPPH H H
R RRRE 1A ABST H HHAEIEFREE /I ORAC %K
PEA 44 ) £ ik R TR AN R B BORE i Bk B R
1o ERRIN, NIRRT B iIgh 5 G AR A M
TLHIFES, ABTS [ HZEIERRAE /1A ORAC EHFEE K
Pt e 35 IR, T DPPH [ HHESTERRAE ) THE. [
T Z Wy R0 SR s A ) TR B 2 AR AR A ML
W FERIPTEAIESS, BT RE A BT EAATE E K
By, BN, G EASMERITE AR F 2 R A KRR,
P A PUEAGE R Z K, X Lt S AR A E AR
ShlRPEHEEERN T . BMEZ, ARKEE
B B B PR A MSADLE A BT RE BT RV B DPPH. [ HH
5, VRS HE PR E B, biE hReudE e
P2 (4 RO s ELRE T4 PR T 1 2B 2 R
BRI P B EH 2

3 i

AHIFC R GV 8 T 40 5 (10 s R S 3
FRIEREAI RS L R R AR, T
A= 8 G T AR 2 I Sh RE N G AR 18
. FASGRER, RIS, D=t
T 65.12%, FRIM, FEMREEREIK T 63.28%. 4l
B IERE, SRR N 70.64%, 2R 5%
REN 21.79%. réEaimtEle kM 7 DPPH WllE
. ABTS JlIEHEAM ORAC 2, Z5HARXTE 4. ik
ki, it KEESRE, 495 DPPH H HHEERRGES
T, ABTS HHZEEFREESI X ORAC AT E;: a5

PUHACLRE S, B AR B ALk BN & Ay
I PUERAEE -

BH I K
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