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Xt KE i 4 2 T S ) S5 1) R A T ) 22 5 O
T A R i 1 25 A I R A, D0 A H R A R IR A%
1, 920 AT L KO B B 2K i e BT R
WEPEARAL, BTN TT AR BIEE 37 D RE P BC R
PR AR, X HE Bl KA s fELAR A AT, 2 v B
EHAAEZEE X,

1 MRE5FE
1.1 #RERH

BEORBEN A TR & AR B IRA
A, el Bt CO, A IUBLAR AL B , 145 i oK
B, A RL B BHAS BB R AT 4 CW¥ A A
th & (Aspergillus niger GIM3.576). KR %
(Rhizopus oryzae AS3.866) i H 2F 61 FT- 12 A B I
i (Bacillus subtilis subsp. subtilis GIM1.372) AH
YIFLFFE (Lactobacillus plantarum GIM 1.380),
J" 2R AR A W P O s MRS A1 LB I
Ih 4% B A M B IR B R 5k (PDA) , T AR B BLIRUE
PR A BR A R AR E R | KR E
(Trolox) , %G E —4NEh ABAP (2, 2-azobis-2-
amidinopropane —dihydrochloride), 3% [E Sigma 7
AL RE TR FULARIR B R SRR X R Ak
TR MR T AR A G BT R T
FRARME A, B Aladdin 2058 24 w5 S 40 A L Bg
R 7R & (ABTS 7% \FRAP 3%), Rig# 2 K&
WHARARAA
12 UFEHE&

Jig % 28 B AL (EYELA N-1100), 7 50 3L £
MR 20 & 4t B A5 A2 (Infinite M200pro) , B 3 7|
TECAN 2 &) 5 & B0 A €315 4L (Agilent1260) , 35
Agilent A F) ; = H % U B O WL (Biofuge
Stratos ) , FEHR KR BHEE (R 1) A R W] 5 i 2K
P (LS-75HD) VLB B 1T 28 A sl i TAE & L IT
INEFES ARG RN A IR AR IR, B
BRI BT e A BR A W
1.3 R H*E
1.3.1  RFE

1) HPFLAE SO FLA R 1%
H AP E] MRS A9 55 97 2P, 30 “CHfF IR 55 3R 14 h,
PR 1945 A6 B9 3R 89 MRS 1A 977 35 97 4%
B SR 24 h S B A R B IR

2) ANEEZEARAT B K DR G B 2F AT
e 1% 3] LB Wiz ks 3 h |37 CHR & B 3% 24
h, FREERD 1975 A0 VR 28T 9 LB IR 17 35 5% 5
KRR 24 b oA R & RS SR

3) RARE AR EE DR K AR A R R
i % TR 22 53 o) Bk B — ¥R 4 A E) PDA VAR 1,30
CHEFE 5~7d ZKIER 22, A 10 mL JTEH K,/
O VRER IR R A B 22, KRR A B K 15
OETIRG , IRAYSE B ALA KGR
R A o U8 WSR-S
1.3.2 KO [ 3 & e 2 A i f B 20 g BB K
B 250 mL #EIE M, A 10 mL Y ZR18K , 3%
BEFEREFE R 20 BGEFAIR 248 121 °C 15 min & E K
W, K R DL — 2 B R SRR v By
A FE IS S F T IR IR AR W R, DR B
149 JI R KA R ok R R WSS RS T 60 CHL A At
T, s Ak it 80 H i W, BE S E T AR AR
FERFIN DR T i OKOREE v i 25 1 7 1 728 A6 A PR
FEbR, o3 BIERIE R B A R BERT ) B FP i kI
ek X 2 T KA 11 5 )

1) KEEEM 53R —ER CRIRE
A AR IR ) A 1% (WS 1x
10° CFU/mL), 7 25 ‘CIEIRE; F248 h i LB 0,
2,4,6,8d; AL GHEF CRRE+HEYFLRFT
TR, 6 IR+ ) FL R AT TR R R 2 AT B AR L
FRFF IR ), PP B A $E RN B 1% (R BE 29 1x10°
CFU/mL), T 25 CfH 55 3= 46 v i B & 8% 0 [a)
36,48,60,72,84,96,108 h, % % [F) B Fp & Wit
TR rOK RO 5 T 5 i S

2) KMERFIE] HEAp LR 1) e 0 A &
W T B, 7 K TR 25 °C BEF R 1% R KT,
X SR [ A W E] (1,2,3,4,5,6 d) % K07 5
g =AilA N

3) KEERE R R 1) i e it &
WE TR AN 7E L3R 2) OB A 0 o A A I I (R] 2 A
W% T, BN E K B (20,25,30,
35,40 °C) X KA 25 M &5 5 1 52

4) HRbi e B 1) 3) P E it K
TR DA | i T ] R0 & I UL BE 1) 2 AF T, 5 58 AN T
BEFh & (0.5% ,1% ,1.5% ,2% ,2.5% ) % K Ui 5 1y
TR
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133 WML AMHESERKRE LR 1227
I A 1 5 A T 2 K T8 TS 2 A R T O B K B
20 g, PRI & BEA NG K KE (defatted rice
bran, DRB) AXHR A W45 T 60 CHLA ML
T, e 80 H M, 15 3 & B AR K bk
(Fermented defatted rice bran, FDRB) . il %E & %
IS5 R 22 1 2 R 2 B S b A s

1.3.4 MRy B4 ST S kIR
s, HEFRFRIC 1.0 g KBERE A 25 mL 1
Y2 14 80% 74 B R 30 min, 5.0 5 UREE FIEW, &
P2 K, AT LIS, 45 C R e 2 Rk 4 2
T A 10 mL B RV A5 30 007 25 245 1 259 I 1
PRI o 7] ) A KA AR O A 20 mL AR
B4 (2 mol/L) W W& 3% 2 h, 5 JH #£ 2 (6 mol/L) ¥
pH EH % 1.0, B.OB EIE . L3S 50 mL 4R
CBRAEWCS W, A IFZE B, W4 21, A 10
ml, B A B 25 5 S 0 2R Y I B O, FE A
Gy, —20 CORAARRIN BT A 3 O & #4043 1K,
1.3.5 a0 P iy I

1) T £ A 00 R FH A ARy 3R] i L
BT b S EbR i 2, LMl 7y
FE N y = 0.0022x + 0.0397 ,R*=0.9936, X .x H
T IR T W, we/mlL gy R WO AR, 4G N 3
Ko 760 nm,, FE SO E A DLAE 100 g KA
T i SR TR Y B (GAE) KR, FAALH mg
GAE/100 g DW,

2) ENEETR e I R A A kSR L
LR DULAS 3 0 b o i R bR ol £, 2
PEIE T 957 FE M y = 0.0761x + 0.0228 ,R* = 0.9968,
Koo HILE R Fm IR E  mg/mL;y HWOCEAE,
R 35 4 R 490 nm, B AP LR R i DL A
100 g KA T3 T & LAS 2R Y & (CE) &R,
mg CE/100g DW,

1.3.6 PR ZH A K &R E R HPLC-
DAD F3 #3555« B35+ Zorbax SB-C18
(4.6 mmx250 mm,5 pm,Agilent 2~ 7 ); A 30
C; Ui 1.0 mL/min; FEFEAA T 20 pL; 3 3 A1 - 3k
BA A N 0.4%(VIV) WIIKZER, HshH B AL
i, YEMLBEE .0~40 min B 5%~25% ,40-45 min
B 25%~35% ,45~50 min B 35%~50%; &Mk K
280 nm , 3 33 o il U AC UG R B B TGS L e

T AR I o
1.3.7 ABST #i48fkme Syl R A ABTS ik
A& E . T 96 fLAR# L fin A 200 L. ABTS
TAEW S 10 pL FEREW, 25, EWEH S
min, 734 nm Ab I W GAE . LA Trolox Ak HE it
HR A7 v 1 2 33 RE ) ABTS fi, LA &E 100 g K
BT BT Trolox X it (TEAC) K, Ay
mmol TEAC/100 g DW,
1.3.8 FRAP Hit fALRE I 09I & R ] FRAP i
R GWE ., T 96 fLAR A LA A 180 wL. FRAP
TAEW S 5 wL FERE R, 1R2),37 CIEHE 5 min,
593 nm AL TE W EIE A FeSO, AARTE i, AR 4 br
HE LRI FRE B B FRAP i, LLAE 100 g KopsE 1 2k
AT FeSO, Mim &R, HA A mmol FeSO4/100
g DW,
1.3.9 ORAC #i &tk 1 & = % Zhang
SE P T IN E  F A 96 FLAR AL i A 20
WL B W Trolox ARMEVE W . B T IR K
(17.5 pmol/L) Pk Ko W 1R 2% vl i ,37 CHE & 10
min; & FLINA 200 WL %€ )6 K 84 % W (0.96
wmol/L),37 CH# & 20 min J5, fIA 20 wL. ABAP
VW (119 mmol/L), #¢ JGEEbR TR 3 & I K 485
nm, ZHHEAE 520 nm ST 3% 2000 AL 158t
18,35 MG, FEAFEIR 4.5 min, AR bR AE 2
AR ORAC {H, LA 100 g KBEAE 5+ 8
JIF & Trolox ™ fit F/x, B A7k pwmol TE/100 g
DW,
1.4 HE\|HITE S

FrAMEESE 3K, Bl xs £, H
SPSS 19.0 B AF AT R GE vt 53 BT, 22 40 1] LU AR
FH AP 2 J7 2220 7 F1 Duncan’s K256 | KM & B AT
Jii B 25 W Jo % i R FLAT SRR 1 B R U ¢

K5,

2 ERESM

21 RBESEBTZMHUL

20,1 AN [ T ol T R AR 0 25 1 55 ) 532 )
H1 I La AL, ROME 28 KR g g 8 a2 % 18 I e
M S RN, TR R 2 R B I X R U
BRI B, 0~8 d KEEE KR
e BEAE SR 4 K I AR i 25 i & B 2 Ik B e
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612.29 mg GAE/100 ¢ DW , 5 % A AH He 38 n 17
138.4% (P<0.05), & 25 4 We i 25 My & 5 JC Wk % 7%
fb; SR & BELEEE 4 KA IR M A A N T
55.8% (P<0.05) , 764 8 K i3 in £ % Kk 607.18
mg GAE/100 g DW, 5 & BERTAH LI N T 85.4%
(P<0.05), & WK AR 23 18 i 27 K W g 35 42 v
SRR 5 19 1 o (EURH L T 2R ORIR A 3R
S K T T A

A& 1h FT, RO 28 K AR g R 4 7L AT B
(RO+LP) | & ih 5 FUAH ) FLAT I (AN+LP) IR & &
PR o, U 25 T % o N I S 30 TR R 2E AT T +
FE W) ZLAT T (BS+LP) TR A5 & I %o B Ui 15 19 55
I

- hE
- R RERA

800,

By
Content of free phenolic/
(mg GAE/100 g dw)

)

K BET (1]
Fermentation time/d

(a)

5 TEH B, 0~108 h & EEid #2 f ,RO+LP Al
AN+LP {5 W A W3 SI7E 84 h F1 72 h I K B
B s B 5, 4 1l 486.88 mg GAE/100 g
DW F1329.72 mg GAE/100 g DW, 5% B+ Lt
T 104.7%%1 43.5%(P<0.05) ; J& %k & &
P TRa5E . W RO+LP K 28 i A b o 29 &
BRI T HEWADE S E,

Xof Lt B — B ol B HL 5 A A LA VR IR A % T X
DKM v U 25 T B S, R IR R A L I
Pl H 5 R W) FLAT TR 5 A T T A R T DKM v U
Ty R 3G, R O AR A 5 328 3 AR R 5 . — TR R

600

400

200!

(mg GAE/100 g dw)

W & B
Content of free phenolic/

0 48 60 72 84 96 108
R R 1]
Fermentation time/h

(b)

T RO+LP R AR B+ P ZUFF B8 5 ANLP ST Il ZE AR A ZLAT B s BS+LP o A 50 2 6T B+ AL LA B85 AN ) 52 B3R (7] — B A A
I o LA 25 7 2% 55 (P<0.05 ) 57 A A 277 [l — I ] 5 S [F) 241 AR LA 235 1k 2% 53 (P<0.05) o

B1 ARE—FEM(a)MESEM (b)RBIRFREREHRSENZM

Fig.1 Effect of different single bacteria (a) and complex bacteria (b) fermentation on the content

of free phenolics in rice bran

2.1.2 AN [R) A T Ao T) XoF SRRl 25 173 5 i 114 5 W
TEWREE A 25 C LM 1M &I T , KRR E
ANTR) & T B[] %o KB i B85 1 2 f (s e &1 2
FIram, AROMEVE 25 W 5 o B & IR I (] A A8 4 5 S 1
I WA kA s T S d B ROBIE B B 1 5
KF e 715.19 mg GAE/100 g DW, %5 % BE T
HINT 225.8% (P<0.05) ; & 8% 6 d i, KA 25
LR S d B FRAIR (P<0.05) o iR A&
FERTIE] R 5 d

213 ANTR) A Tt Rk o DR i 2 My 5 2 114 52 T
FERTER TR 5 d HEFp & 1% 0 55T, B EOKIR
B AN [R) T Uk B R DKM i 25 T 5 S (95 T, i 4] 3
FiEoR Wil 25 2% I Tl BE 0 T v, ke TR RO v D 25 1

e s 2
Content of free phenolic/
(mg GAE/100 g dw)

3 4
RV )
Fermentation time/d

TE AN b 3R 25 2 B 35 22 57 (P<0.05), R 1A,
B2 REER BN KNS EBS 2N
Fig.2 Effect of fermentation time on the content

of free phenolics in rice bran
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iR NG AR A e, R IR EE R 30 °C
IF i B 1 1) 2 B 3R B i = Ol 744.88 mg GAE/100
g DW, 5REERTAH N T 239.3%(P<0.05) ,H
15 25 CN 35 °C K T AR Hh iife B W % 4 0 W Tk
25, KRR EERE R 30 C,
2,14 NIRRT B W RS AE
RBERTT] R 5 d R BRI 30 CRISMET , % %%
DK 5 AN [] 2 A Xof AR i B 2 B (52w, 4
V4 JI 7 Bt DK AR 4 ol 0 185 O DKOBAE I 25 1
4 7tk 5 LSRRG NS BEAR Y Fa 3 MR B 1%
BF, R TR B U0 B 19 7 £ 0K B R 5 715.19 mg
GAE/100 g DW, 5 & BERTAH L34 N T 131.9% , .
FE T H R (P<0.05) . PR I fi 42 b 4
1%,
22 BEEHTARBEESKEBI KBHEY
[ & & F0 4 B B R0
22,1 REXTORME LY A B TR A g
& 5 w1, 5 DRB A1 H , FDRB Wit s i Al s o
i o B M NGO, RS M & ik 287.11 mg
GAE/100 ¢ DW % jin #] 752.81 mg GAE/100 g
DW, AT 162.2% (P<0.01); ¥if &5 # i & &
73477 mg CE/100 ¢ DW #4115 1 163.88 mg CE/
100 g DW, B0 T 58.4% (P<0.01) ; Ifif W5 # FI 25 &
T3 A28 G B i 4 M 25 5 . FDRB 1Y &
i & 4 (1 067.13 mg GAE/100 g DW) 1 i i il 5
(1 575.87 mg CE/100 g DW) 4 i % 7% T DRB
ﬁd & 1 (667.37 mg GAE/100 g DW ) I i il
(1 109.77 mg CE/100g DW), % B J& 43 %Il 4%

1500
— DRB 2 FDRB

1000

ml 16 ﬂ%

W GAm
Free phenolic Bound phenolic Tolal phenohc

(a)

[N
Content/(mg GAE/100 g dw)

A 1L
n
>
c

B

Content of free phenolic/
(mg GAE/100 g dw)

Temperature/C
B3 AEBEEMKRBEFERSENHZM
Fig.3 Effect of fermentation temperature on the

content of free phenolics in rice bran

800 a

5
Content of free phenolic/

i
Inoculation concentration/%

B4 BEMEXMNKBEEEHSENINE

Fig.4 Effect of inoculation concentrations on the

content of free phenolics in rice bran

BT 59.99%F1 42.0% (P<0.01) . 7% W K AR 25 [ 745 &
P Bt 25 48 R KM AS AT 2 B 45 & S 5 2K 0 T Y
K it 5 R

N
>
=
=

CIDRB FDRB

1500

uﬂmﬂ 1000F

500F

Content/ (mg GAE/IOOg dw)

T 0 Fon KBTS A W5 22 5 (P<0.01), R,
B 5 KRIRBESAEXNKRFLE (a)f R (b)SEHNRIT

Fig.5 Effects of solid fermentation by Rhizopus oryzae on the contents of total phenolics (a)

and flavonoids (b) in rice bran
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222 REERORBE RGP & S A
e AFE 1Al LUE S, 5 DRB AHEL,FDRB
ISR EFR IR FER ., T &FmRMIT
TR o R B E N (P<0.05) , 55 S EE TR
FREOEH R SRR T AR O i W (P<
0.05), H i & IR & it ¥ i 2, 73 0 35
T 2.44 F18.11 4% 4K, 5 DRB AH Lt ,FDRB i
BIARZEA A BTELIR & 538 W RRAT (P<0.05),

IR BT 55.9%0 53.9% ., M 10 F A ) iz 2
LG RS BRE , KRR R TR & TR
JRLAS R W P2 H iR A& v S T R By
R E N (P<0.05) , 5K & TR AR 2 i 3 T
480.5% ,47.1% ,87.1% ,63.1% ,74.7% , WIHERR 2%
JR R A TR KT TR B T ARk (P>
0.05) , M P &R R & 3 dk b 35 B AR (P<0.05) 30K
RWEKMEREAL T 54.1%.,

F1 ARBESEABNKFEEEBEUSYEESHBNWEIW (ug/g dw)
Table 1 Effects of solid fermentation by Rhizopus oryzae on the composition and contents
of individual phenolic compounds in rice bran samples before and after solid fermentation (pg/g dw)
DRB FDRB DRB FDRB DRB FDRB
AT B 94.43 +5.09 325.25+22.63* 6743 +7.45 614.40 £ 63.94*  161.86 £ 11.61  939.65 + 86.56*
J8 LR 7773 +4.67 160.83 +13.67*  107.66 + 4.42 110.31 +£3.97 185.39 +8.89  272.72 +17.73*
AR T®R 12.13+1.18 10.13 £ 0.97 47.49 £7.53 99.66 + 7.50%* 59.62 +7.84 111.53 £ 8.75%

F 3225+230  52.59 +10.17* nd nd 32.25+9.68 52.59 +10.17*

ohn vk BR 11.46 +4.31 7.58 £0.48 14.57 +7.84 18.38 + 6.09 26.03 +3.78 28.75 £2.90

KRB 13.00 + 3.62 13.02 = 1.70 5.74 £0.25 8.75 £ 1.23* 20.83 = 0.40 21.13 £ 0.18

TAR 30.29 +2.81 53.90 + 3.72%* 11.79 + 1.87 19.29 + 0.99* 42.08 £ 9.81 73.51 +2.56%*
A 2R 117.02+27.33 10649 +£9.49 1101.60 +58.68 1229.15+77.34 1218.62+31.35 1322.87+95.31

T 42 BR 9434 +18.13  41.57 +1.66* 2813.47 +192.161297.12 + 126.22* 2 918.25 + 189.98 1 338.69 + 124.55*

T R 10.87 £ 0.17 29.51 +1.43* 108.00 + 8.98 113.49 + 11.95 118.86 £9.16 138.50 + 14.24

TE end R 5 7R KM BE AT SG HA W #5122 5% (P<0.05) , T,

23 EBREHTAREBEASEBEINKBBHEY
BRmE4FEENZm

KR B [ A A X oK ME I 25 W) BT ABTS
FRAP 1 ORAC $i4afkLfe g maniEl 6 in, 5
DRB #H kb ,FDRB i B & ABTS.FRAP il ORAC
brEfbie 1B ERE (P<0.01), /alitm T
100.7% ,71.3% F1 67.0% , i P # 45 & 2 ABTS
FRAP fil ORAC {5 & & & 2 % (P>0.05), W
FDRB (% & ABTS FRAP Fl ORAC #t & 1L i 114

DRB 4351425 T 31.0%,20.6%F1 30.7% .

3 g
31 AREMABMABEESSHEAYRSE

sEA )
K b e S B 2 M AR B R B 2R W I
B Ao I P AU T, 2 R 23 AN

gk

PR s S 7e i BEAS R b, X L REPL AR I
FHIE, BIFTE W], A ) kT RE 6 418 e JES 00 o 1
Wi, B o0 M A £ 7l e A
P4 & S B R R, s il i R g A
AR A — el R 2R W T R R o IR AT
HEZME A FOBH R A G S 2 I 4 40 i
BERRTE , 2 [V 25 A T RBIE R 8Kk Bz 25 4 I ™ 1 1) A
DEERAH , AORAR G A 2R 32 A 52 A AT T 2
— M LR T , N2 B T Ak
o35 A R 7 0 1) I BB B 23 M SR i B, ASBIE 5T
PO T ORAR S | P o MRS 5 2 AT 7R (1 25 4 T
T ORI S R R A, R BUORIR AR
i 24 FIE A & S IOK A S W A, S AT AT
SR BB, SR Al R ZF AT T [ 25 A I oK
B P U0 B 0 TR R, HG i P AT R A 2 A
T T 403 2 B 0 7 il Bl g 2 A A OGP
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i
1

DRB 2 FDRB

—
=]

+

il

Tie 2 255 YLy
Free phenolic Bound phenolic Total phenolic

(a)

I5Sr | = DRB == FDRB

ABTS/(mmol TEAC/100 g dw)

10F

1o (B %

Ui 15 %%WJ peyi
Free phenolic Bound phenolic Total phenolic
(b)

|

7
ﬂ%

Ui B 4G p=y s
Free phenolic Bound phenolic Total phenolic
(c)
6 KRIRBESEEEIXKEHEYR ABTS(a).
FRAP (b)# ORAC(c)Im & 88 1K=
Fig.6 The effects of solid fermentation by Rhizopus
oryzae on the ABTS (a), FRAP (b) and ORAC (c)

antioxidant capacity of phenolics from rice bran

FRAP/(mmol FeSO4/100 g dw)

15000

10000

5000,

ORAC/(pmol TE/100 g dw)

=

AFTERI, R R ZF ST T o W A e R Y 2%
PF A B TR AT 4 2R, HH o WA 2T 4k 3R il
AIBE D TEHE R 15 h NEGR, 25 Wi ) W)
P, PRI AT LLLP AN 35 3 DB A KA A
Wi e 25 PE TR, A2 FEAT TR A4 1 B A T R
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Optimization of Solid—State Fermentation Technology and Effect on Phenolic Profiles
and Antioxidant Activities of Rice Bran

Dong Lihong', Chen Tianmei?, Zeng Rong?, Zhang Mingwei', Wang Xu®, Zhang Ruifen"
(“Sericultural and Agri-Food Research Institute, Guangdong Academy of Agricultural Sciences/
Key Laboratory of Functional Food, Ministry of Agriculture and Rural Affairs/
Guangdong Key Laboratory of Agricultural Products Processing, Guangzhou 510610
School of Food Science and Engineering, Foshan University, Foshan 528225, Guangdong
Institute of Quality Standard and Monitoring Technology for Agro—products of Guangdong Academy
of Agricultural Sciences, Guangzhou 510640)

Abstract Defatted rice bran was used as medium materials. By comparing the effects of microbial species, fermentation
time, fermentation temperature and inoculation amount on the content of free phenolics in rice bran, the solid state fer-
mentation conditions of rice bran were optimized. The contents of free and bound phenolics and flavonoids in rice bran
before and after fermentation were determined, as well as the compositions and contents of individual phenolics and their
antioxidant activity were also analyzed. Result: The Rhizopus oryzae strain had the strongest fermentation ability of in-
creasing the content of free phenolics to a maximum of 612.29 mg GAE/100 g dw in rice bran. The optimum solid state
fermentation conditions of rice bran with Rhizopus oryzae were as follows: the fermentation time was 5 days, the fer-
mentation temperature was 30 C, and the inoculation amount was 1%. Under this condition, the contents of free pheno-
lics and flavonoids in fermented rice bran were 162.2% and 58.4% higher than those in unfermented rice bran, respec-
tively, but there was no significant difference in the contents of bound phenolics and flavonoids in rice bran before and
after fermentation. Compared with the unfermented rice bran, the contents of free and bound phenolics changed signifi-
cantly; Among them, the content of gallic acid had the most increased by 2.44 times and 8.11 times, respectively; The
ABTS, FRAP, and ORAC antioxidant capacities of free phenolic in rice bran were significantly increased by 100.7%,
71.3%, and 67.0%, respectively. Conclusion: Solid—state fermentation of rice bran with Rhizopus oryzae could signifi-
cantly improve the release of bound phenolic, increase the content of total phenolics, and enhance the total antioxidant
activity.

Keywords defatted rice bran; solid-state fermentation of Rhizopus oryzae; phenolics; antioxidant activity



