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Effect of solid-state fermentation on the ingredients of rice bran
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Abstract: In this paper, the changes of protein, lipid, ash and total
sugar of rice bran after solid-state fermentation were studied for deep
development of rice bran resources. The results showed that the con-
tents of protein and ash increased significantly after fermentation.
Moreover, the contents of lipid and total sugar decreased gradually
with fermentation time. The optimized fermentation condition was:
37 °C, 102 h, moisture content of 60% , initial pH 5.5, inoculation
amount of 20 mL/100 g, with the true protein content as the re-
sponse value. In this condition, the true protein content of fermented
rice bran was 19.65% ,increased 41.88% compared with the raw rice
bran. In addition, the results of amino acid analysis showed that the
contents of methionine and threonine were increased by 73.92% and
22.99% respectively compared with the original rice bran.
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M5 (Aspergillus niger FO045) . VI R¥ MY
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FEIR B 7 B 0 A 55 9% 25 FEAE 30 g, NaNO; 3 g,
MgSO, » 7H, O 0.5 g. KCl 0.5 g, FeSO, + 7H, O 0.01 g.
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K, HPO, 1 g, Bifl§ 15 g. 76187k 1 000 mL,3# pH & 7.2;

FaE b AR B MR R MR BB 0 & & 13.85%, IR & &
16.71% ,JKAr & 7.01% . B & 48 342.33 mg/g, 25 1 5% HL
MM B WA B AR 40 H G 5T — 20 “CukAf

T 56 T B 70 2 O [ A A 4
1.2 UE5EE

TH AR AX - HYP-1008 B, ¥ 1 ¥ 58 A A% B A BR 23 /D 5

4 BYLIRE A AL K860 B, 3% [ 1 BB 1 &8 Ik 1 A [R
NI

TG IR . BMI-160 B, F i szl A R 7

M TAES . SW-CJ-1FD B, 35 M L 4 s S tb B A H
PR 5

S B R T FH v OBOAH 2 354X Agilent1260 B, H 4 &
NG

SR ) RK A YXQ-LS-50 SIT A, [ i 1 31 52
Ar A BR 2 A 5

M KO- : BSA224S A, Mg R #)-4E F) 2 (LD (XA R

NGIE
SR H46 : DHG-9055A B, | — 18 Bl 2L 88 A B
NGIE

pH i} :STARTER3100/F %, #ff #5 #h-3E Fl £ ( | i) X
A RAT
1.3 REAHZE
1.3.1 REEKMEE R Ryl a5 BCOR A ry 8 il 2 A i o R —
R B R R R AR L T 28 ORISR 6 dLRERHEK
W AR T 05 T JC TR 28 RDK VR R i, TR R IR e ) R
i R A TR I TE 2 A i 0k . sk Bob i1 %
2B 3 R BURE Y 3 ANE AP AR o 1 7ok .
AT B BEAE 4.0X10° mL
1.3.2 KRBEKBEM T FREUER & Lok BE 10 ¢ T 250 mL
SO A ZE AR K PR L K 4y A E 6024 il T A
BEAER . TRACKBERE 121 °C, 20 min, K 5% 5 B
B, WA S mL COKH M8 3K (KH, PO, 2 g/L, MgSO,
1.5 g/L,NH,CONH, 5 g/L % F 0.4 mol/L f§ HCI )
M2 mL il FER B, WET 34 CERREHHP.
PRFFIREE 90% . B3 0% 24 h BRVAIAM K 3 mL —iK. KB 72 h
G, BT 60 CHURHL T ZEE (RAAR
1.3.3  KEEABEM B E T RERBTHEESS
0 S B H O Oy vk AT HT LR E AU R
SR CEARIRAB R 6.25) . N8I K40 F0 S0 & & i
EA M GB/T 14772—2008, GB 5009.4—2016 fl GB/T
15672—2009 47,

KRR & 2 W E - FR i 100.0 mg #E FiA 50 mL
K& A 8 mL 6 mol/L HCI % o AR & . A
120 CHEF KR 22 h, KB SE 25 ¥ 2, A 4.8 mL
10 mol/L NaOH ¥ ¥ *h F1 H FHZ8 K E 45 £ 25 mL, W2
YEARAT U85 L 1 mL &K 10 000 r/min B> 10 min, B b7
W 400 pL FALHERE,

1.3.4 [ 45 R AT R MR L 40 1) 5% ) R 9 [ 285 K I8 6T DK A
R IR oy RSB S R sE . SRR 34 °C

Hefh i 20 mL/100 g KB B 46 pH 5.5 FIH] IR K 73 & &
60 %6 1) 45 11 T HEAT R M [ 75 % I8F . & B 45 RS S F R A
60 CHEAFHLT FE T ARAFFEM . & Jrik il 1.3.3,
1.3.5  REEZMR AR R AR BT

(1) RBRE FEHFM & 1 mL, & B[] 96 h, 2k
10 g W14k pH 5.5, 8] 4K 43 & & 500 5510 F . B 48 R el
JE(28,31,34,37,40 “C) X & WK M FLAR 1 35 A 52

(2) $eFhed 7R KB 28 °C, R BEMTIA] 96 h, 2kl &
10 g, )16 pH 5.5, W IR /K 53 & & 500 W 444 F o 5 S8 e o ik
(1,2,3,4,5 mL) X A& BEABRFLEE A & 2 MM .

(3) KWW H) - 7E R IR 28 CL 8= 1 mL, 38
10 g, ¥4 pH 5.5, W IR 7K 4 & & 50 X6 414 T, B 2 R e
A] (48.72,96.,120., 144 ) X} K KM B 1 3% 4k 1520

() R AR B L 28 C L 4R it 1 mL, K BE I [A]
96 h. 44 pH 5.5, B U /K 43 & &k SO MY 4510 F . B s e bl i
(10,15,20 g) %) & KM LA 1139 B A 52 0 .

(5) PG pHAEKBEIRIE 28 C L Hefh i 1 mL, &I [f)
96 h,%& kit 10 g, W) IR 7K 4 & i 5000 1Y 4 1 F . B ) IR
pH(5.0,5.5,6.0,6.5,7.0)%F & BE KM EL 26 1 & =052 0,

(6) WIMR/K Gy & AR R BEIRE 28 CL M= 1 mL, &
TS 1) 96 ho ke 10 g, W) 4G pH 5.5 B 54T . B HE W bh
KA e (40,50, 60,70, 80 %) X & B K B LA 1 & & 1
A
1.3.6  Plackett-Burman i3 % i1 7£ 50 K 2 25 5 4 B 19 5%
it I . F i Design-Expert.8.0.5 # 4. #% it Plackett-Burman
(PBYIR B AW pH R 3 B0 45 7K 43 & 3 i A) 3 3 0
He s S R B S AR P AKCE R KCE AR K S
1.25 £ . DLR KB b B8 1 3 oy o o7 {8, AR 4 25 B 1Y
25 P O e R 0 TR R R AT A R A% 1 1 T N T A
(A=
L3.7  mpi il ge it i PRI 20 3 M B #F
ESEC YN NN IR P s SR & sl N AT TR R D
Design-Expert.8.0.5 #{} 47 Box-Behnken .0 40 &3 56 1%
e BB TR ENH TR 6 I R S R BE ARG .
1.3.8 B iEsSEI AECHE o A ML Wl A O B A Y AR
FERBEAMA G B IiE S5 . L I i 3 4147,
PB X% Fll Box-Behnken H7.00 41 6 32 38 20408 43 A7 S Ak 34 /iy
Design-Expert.8.0.5 B4 F1 SPASS 4K 44l Bh 5 1% .
2 RS0
2.1 BEEREIKBHSTE N
2.1 [ RBEA AR REEO SR R & LA AL
B SRR BE 72 h 3k B i K8, Z )5 B & K B )
A RIE T T A o e S R P EL AR P s W i 32 = e S
T LV P AR R R o g i T SR ] 5E . A AR
A A PRt R AL AR A A SRR TR L R
TREKRBEMIEEA S . SURA, 78 & B 2 Bl 5
AR IR AR, 7 AR T — S AR B K {15 4 8% 77 ) 1Y o
e R I - SN S ST

KT P O A A PRI 0 B B I R R R 5T TG L
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e o A 0 2 14 LB 0K TR AR D) K
T 00 GIE A ST A0 G 0 8 4 B 0 K T
LA T BT LATE 6 B A BT R L TR 4 B R
T T A R 11 4 1 PRI T e 4 R R 3 52 A
Silveira %501 FEU A5 25 5 0 M O B L2 14 4 B 92 7
T 69% . Schmide %7K AR 4 25 R WK B LA 19
SRER KB E T 530, M2 AR LEN &
A BUR R
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Figure 1 Changes of true protein content in rice bran

with solid-state fermentation

2.1.2 BEEZBEX KB SRR &AW HE 2
AT OROBE AR K W 22 T (N T A il 16.91 %0, fig W & R bl
Sz TR IF [ A S 4GB T MG, 0 96 h R B A R B2 S L g B
E R 11.48 %0 [ 25 K o AR vh i D A R Y R AIG R BE 2
F1 G W05 e 3 R R A R A B 0 A R G Y
Hg™7, Larine %500 F| F oK ML 35 [ 245 & WK AR 120 ho A5 5 &
M 15 2% MR 74X AR T 51.32%, £ H B E (P
0.05) . [ 7 & WETT LA AR KB o 1) B8 &k T RO 1) R
Ve ] 8 = B 2 G M G ok MU X B . BT LA RS e T LA
B Sy — T L (0 R M AR 77 =K

A L 2 38 R R 43 R B A T A I Y AE K K R
R WE120 b I 58 K I R BE R S o, o ROk Y
7.01%HME 8.91% . WM T 27.10% ., FEEH FRME
R FH R e v 0 38 3 0 AT A AR BT R R L ok
T eh R 431 0 A B AR R o A s T R N Ay RS
THLY 4 £ . Larine 570 Fil F Ok M 85 [ 4 & B K BE120 b

—e— Wl
e - K
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Figure 2 Changes of lipid and ash content in rice

bran with solid-state fermentation

44

bR A & RN 9.4 Yo E] 13.9% BN T 47.87% . £ I H
BEMEF(P<0.05, SRR REH K.

2.1.3 B REEXORB S B = 3 AT AL Kk
JE b R T OB S RS IR R BE 96 h JE L ORBR TG SO
M 342.33 mg/g P& E 221.67 mg/g. FEIK T 35.25% . % 5F
5935 (P<C0.05), & W] o rb 9 B 245 4 18 4 R D 43 M ™ 4B
AE It AN o F W B A R R AT AE R AR B . R BERI L
PR R A T R AR K B T AR Y A 4 R L UE M S
Xof 22 W 1) B A AR D BB 2 B BRI . R TR S AR
CNFRE A 8 A A A T R 23 B T 26 2818, Bl & & F
Iof o Rk % .
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Figure 3 Changes of total sugar content in rice bran

oy

&
o

Total sugar content/%

with solid-state fermentation

2.2 MEERKRBERS ST
2.2.1 Plackett-Burman XI5 1F K &5 R DIEREAS
et Ay O AL BE T K M ] 245 O T A% 14 1 o 2 TG Ak i . e
AR R IR 25 R 115 ) Plackett-Burman (PB) i 86 % 31 5
ZOER Lo pH BB & 0 46 7K 43 & & IR IR
PR & AT W3 R 5 T I mKCOE SRR 1,25
FIF Design-Expert.8.0.5 #4480 7 PB i 458, H
2 2076 AN PR ER R [ A R KM T LA A R e I
JP oA < il B > 0 (] >0 46 7K 43 4 5 > ek i = e A i > 0
pH. M4 ANOVA 73 #r, # Hh % 4 8 8 3% (P=0.003 6<<
0.05),R*=0.952 6, BLHIZMIRIAT 95.26 6 A9 B dli vl £ .
2.2.2 mR BRI SR Ll PB IS i
M ] 245 R TR v B0 2 1 s 1 3 A AR L A A De-
sign-Expert.8.0.5 # {4 # 1T Box-Behnken #9710 41 4 1 5 i
TH DU BE B R A0 B K 43 & i o R 3R i = R = KF
M IR 7 2 W T R WK 3.4, IR 45 40 BT it Design-
Expert.8.0.5 34 Bh 78 i% .

ARARR 0 7 T ANOVA 55 3 i f3 BIHR AB.C I =K
HYE oy

Y=19.7—0.14A+0.69B—0.53C+0.29AB —0.82AC +
0.7BC—0.53A%—1.05B*—1.3C", (D

2 5 W %0,P=0.000 9<C0.01, WM BI L B H & &
g U 1o LB S R AR 83 . R P=0.191 4>>0.1, K]
WIS R MBI R T BRIE R, MR R?=0.949 4,5%
B 94.94 05 (O EHR ol DA iy A7 R R . CV /DN, T A
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Table 1 PB Test Design
s ¥ihs pH  RekbE /e WIGAAK AR/ % BEE /b WE/C e/ mL HEASTE/X%
1 5.50 12.5 62.5 120 28 1.25 14.2740.09f
2 6.88 12.5 62.5 96 35 1.25 15.574+0.174
3 6.88 10.0 62.5 96 28 1.00 12.66+0.38¢
4 5.50 10.0 50.0 96 28 1.00 12.724+0.31¢#
5 6.88 12.5 50.0 120 28 1.00 14.9340.20¢
6 5.50 12.5 50.0 96 28 1.25 12.9440.31¢#
7 5.50 10.0 50.0 120 35 1.25 19.114+0.17%
8 6.88 10.0 62.5 120 28 1.25 14.54+0.19f
9 5.50 10.0 62.5 120 35 1.00 16.9040.28¢
10 6.88 10.0 50.0 96 35 1.25 16.49+0.53¢
11 6.88 12.5 50.0 120 35 1.00 18.37+0.16"
12 5.50 12.5 62.5 96 35 1.00 16.84+0.13¢
T [ —F R A A B R 22 5 B 3 (P<C0.05)
®2 PBRELERNH % 4 Box-Behnken B 0AGRITMER'
Table 2 PB test results analysis Table 4 Box-Behnken center combination design and results
iKW FEHM AmE ¥ FA{i Prob>F Wk 5 A B C HEASR/ Y
gt} 48.66 6 8.11 16.76 0.003 6 1 0 0 0 19.79+0.122
Wtk pH 0.004 0 1 0.004 0 0.008 0 0.930 8 5 2 —1 —1 0 17.97+£0.43¢
Akl 0.021 1 0.021 0.043 0.843 8 4 3 1 0 —1 18.7440.25"%
EILTVIN 1 0 0 0 19.87-+0.20¢
o 1.19 1 1.19 2.46 0.177 5 3 . 0 ) . 1832 0.31¢
i ] 9.90 1 9.90 20.46 0.006 3 2 6 0 0 0 20.0340.28*
T 37.52 1 37.52 77.56 0.000 3 1 7 1 —1 0 17.31£0.25¢
R 0.021 1 0.021 0.043 0.843 8 4 8 0 1 1 18.16+1.04¢
CsEWE 242 5 o048 9 o -1 -1 17.93 40,22
“it 51.08 11 10 0 0 0 19.14£0.23"
+ R2=0.952 6. 11 0 —1 1 14.98+0.36¢
_ 12 1 0 1 16.51+0.23¢
RS MEE=RAR=AFEDHR 13 —1 0 —1 17.58+0.199
Table 3 Response surface three factor and three level " . 1 0 18.3540.36¢
distribution table 15 1 1 0 18.854-0.19%
KFE AWRE/C BEE/h CHIHKSER/ % 16 —1 0 1 18.64+0.21b¢

—1 34 72 50
0 37 96 60
1 40 120 70

R AF R, AR B R CV=2.42% , i3 B 15 AL Jy 2
B0 B 0T b 2 B B S R B0 (E . AR IE P R AN 0.884 4,
WA B R A DA R 88. 44 0 BB AR S . 45 R T IR R
Ty o] 45 R W SR AR SR8 T — AR AT R IEHE

RS 7 R AR B Y S B A R R 37,18 °C,
Mf[E] 102.86 h, WI4H K 23 & 4 58.52%, BRI EE A SN
19.83% . b JFORMER A & WH4R @ T 43,172, 56 1IE 52 50 vk #%
St KRt Ia] 37 °C L BFA] 102 h, B4R 7K 43 & ik 60 %0 , e fp it
20 mL/100 g K# . %) 4k pH 5.5, 3kl 150 g, [ 25 kK BETE

17 0 0 0 19.65+£0.09%

T A — F R A R B 3R 2 5 2 (P<C0.05)

FEAL P AT A9 B R BRI R 1 O 19,6500, LR
KBRS R T 41,8800, IR IR EE 5 T IR 56 45 5L
2R UL A R R A AL
2.3 REERED UVMHEAKMEERSENTNH

5 I8 B S T OK B A 5E 1 AR LT LA B kI AR 45
B AR T2 PR 17 O 1k % 45 S O I O T AR A R TR A R 410
T BB IR I AR RERE IR R FE R IR K 34 °C K BE I Ji)
72 ho W AR K 53 6000 WG pH 5.5, H A it 20 mL/100 g
KA. SR EE A SRR 1815, BIFE KB & T
31,0506 BeZkfF T A T Ko v PR oty 25 160 7 74 B0 AR Ap g B o)
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T2 A RS R B LA R A R AR 1k

RS MWMEMEH ANOVA ERRAH'

Table 5 Response surface ANOVA results and analysis

FEKRBE FHA AmE ¥ F Prob>F

1oAY 25.43 9 2.83 14.60 0.000 9

A 0.16 1 0.16 0.82 0.394 0

B 3.77 1 3.77 19.47 0.003 1

C 2.29 1 2.29 11.83 0.010 8

AB 0.34 1 0.34 1.74 0.228 9

AC 2.71 1 2.71 13.98 0.007 3

BC 1.95 1 1.95 10.06 0.015 7

A? 1.17 1 1.17 6.07 0.043 3

B? 4.62 1 4.62 23.90 0.001 8

C2 7.12 1 7.12 36.80 0.000 5

Rk 135 7 o9

A 0.89 3 0.30 2.58 0.191 4

4R % 0.46 4 0.12
#it 26.78 16

T R?=0.949 4,Adj R?=0.884 4,CV=2.40% , Adeq Precision=
12.647,

R LA AR o 5 BT 3R BIAR G A 038 o 78 UG A5 1 R 0 A
B2 i AR AL .

2% 6 T, 2 T ok A2 v a0 i TR 1 R R T 3, TRk
MR & o 11.76 %, & WE 72 h )5 2 5 R ALk B
15.22% S JEORBESS N T 29.42% , 2% 5 % (P<C0.05), %R
A 8 5 A (A B T S TR AR S R 5 i, Hrh 0 R AR TR
M &R AR AR R — AN EER AR, KB 72 h A,
PR ) P R R AR R O AR o SRR R i B I i (P<<
0.05) 43 BN T 73.92% 0 22.99% , KM 96 h B, M A FE
TR O WA T R, T SR B P RS 4 SR Y B R R
R & T A 2R b AR T AR Y 4 iR B D K TR A RLRE
SRR [ A R T8 R A5 A A8 R R A A T R R
T2 R L) P R R R A R P T AR A T B v . BRI RS R
KA I S ER TR A G B T AR S I BB AE T
3 ik

(1) [E 25 R T X KM B 43 i 03 — e AR E— 8
149 2K T I R] P o 0 0 R 43 55 e B 2 O T8 I ) ) 3 8 T 4

®6 BESEREBXBPABEIERSISOTL

Table 6 Changes of Hydrolyzed Amino Acids in rice bran with solid-state fermentation %
AR Kk KO h K24 h K48 h KBET2 h K96 h
Asp 1.3640.06¢ 1.4640.02¢ 1.5840.01"¢ 1.6340.02° 1.8140.01% 1.7340.03%
Glu 2.034+0.01*  2,1340.01®>  2.2940.00% 2.21+0.12¢ 2.30+0.02¢ 2.10+0.01¢
Ser 0.4740.01f 0.51+0.01¢ 0.57+0.004 0.63+0.01¢ 0.74+0.01% 0.64+0.00¢
His 0.3340.00" 0.35+0.01" 0.41+0.01% 0.40+0.00 0.43+0.04¢ 0.34+0.00"
Gly 0.71+0.01¢ 0.72+0.01¢ 0.79+0.01¢ 0.85+0.01" 0.93+0.02®>  0.88+0.01"
Thr 0.4940.01¢ 0.50+0.00" 0.6140.01" 0.6840.01%" 0.7840.01¢ 0.7340.01¢
Arg 0.95+0.14¢ 0.92+0.00" 0.91+0.00" 0.85+0.00¢ 0.89+0.01¢ 0.81+0.01¢
Ala 0.84+0.01¢ 0.8240.00¢ 0.92+0.01¢ 0.95+0.01" 1.0240.01* 0.96+0.01"
Tyr 0.36+0.01¢ 0.45+0.01" 0.45+0.01" 0.47+0.01" 0.56+0.01¢ 0.47+0.00"
Cys-s 0.05-+0.00¢ 0.060.00*  0.0740.01" 0.06+0.00" 0.04+0.00¢ 0.06+0.00"
Val 0.7240.01f 0.78+0.01¢ 0.86+0.01¢ 0.94+0.01¢ 1.04+0.01% 1.0240.01%
Met 0.1240.02¢ 0.20£0.01%  0.1940.00" 0.2140.01" 0.2740.01* 0.1940.00"¢
Phe 0.60+0.01¢ 0.61+0.00¢ 0.69+0.00¢ 0.73+0.01" 0.82+0.01¢ 0.79+0.00%
Tle 0.58+0.01¢ 0.58+0.00¢ 0.71+0.01¢ 0.78+0.01" 0.85+0.01% 0.82+0.01%
Leu 0.88+0.02¢ 0.96+0.01¢ 1.08+0.00" 1.1440.02% 1.2440.01* 1.1840.01%
Lys 0.61+0.01¢ 0.5470.04¢ 0.68+0.01" 0.7340.00" 0.7540.01% 0.69+0.01%
Pro 0.71£0.01> 0.7340.00" 0.68+0.01" 0.68+0.01" 0.81+0.01®»  0.78+0.01"
A 117640.080  12.2640.040  13.4440.01°  13.9140.18%  15.2240.19*  14.14:0.01%
T W —ATEE AN B R R 2 5 B3 (P<C0.05) .
T I T SR A U BT R AR . X D A TS KM AE [ S R I 5% 3k

7 T A9 R R SR B AL T — o e B .

(2) BFRREESE P EEAN S ERLRSRY, B E
KBS R R 37 °C L[] 102 b, B R K 4 % B 6026, 4]
I pH 5.5, 4% i 20 mL/100 g KM, bt i & T KM 11 2L 7
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SRR LAAE g — T A 77 g 2 1 R IR 7 AV E T =X
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A= RN %), 2013(23): 61-63.
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N 2P, 2007(7): 62-65.
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TLH A R, 2006(6) : 356-358.

(4] B, RBEE AR BRI R SR LT ). 8 2 & 0 i K T 2 412
2013(3): 863-867.
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Table 7 Determination of organic selenium in samples

- W 5E 25 4L/ - 5 25 5/

(mg « kg™ 1) (mg « kg™ 1)
X A 0.07940.007 4l vk N.D.
A 0.14340.013 1R K N.D.
11 [ 0.284+0.010 7k N.D.
AT 0.8114-0.031 TR K N.D.
it £ 0.27840.015 BN N.D.
iAo 0.44340.021 UNEE3 N.D.
JNERBERS 0.20840.009 SER N.D.
Fent 0.05440.005 HE N.D.
4 B 6.0210.056 it N.D.
X3 0.67940.028 & N.D.
FLE 0.107£0.008 Fl N.D.

PN ER AR RN 15 pe/ke.

1 SRRV T B A A b 1 B DM E A P A HILA
JrEE B N B A B b B TR R A TR O vk . AR
Jr ik FURE A DR 2 £ b A HUAN S EDO A B A 3
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