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Process study on mixed bacterial solid-state fermentation of rice bran for

the preparation of oryzanol and evaluation of its antioxidant activity
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Abstract: Objective: In order to improve the yield of oryzanol of

rice bran. Methods: Rice bran was selected as the research
subject, and Saccharomyces cerevisiae and Bacillus subtilis were
selected as solid-state fermentation strains through single-factor
experiments. The mixed bacterial solid-state fermentation process
optimized by Box-Behnken surface method

was response

combined with the single factor experiments, based on the
content of oryzanol. The antioxidant activity of the fermentation
extracts was evaluated using DPPH and ABTS free radical
scavenging assays. Scanning electron microscopy (SEM) was
used to analyze the principle of oryzanol enrichment in mixed
bacterial solid-state fermentation. Results: Under the of mixed
bacterial treatment of saccharomyces cerevisiae and Bacillus
subtilis, the optimal fermentation conditions for rice bran
oryzanol was determined to be a fermentation time of 44 h, a
fermentation temperature of 34 C, an inoculum size of 10% , and
a moisture content of 40%. Under these conditions, the oryzanol
content was (7.81640.038) mg/g, which was 1.9 times higher
than that of unfermented rice bran. The extracts prepared by
mixed bacterial solid-state fermentation exhibited strong DPPH
and ABTS free radical scavenging activity, with ICs, values of
(0.2200.007), (0.409=40.014) mg/mL, respectively. These
values represented a reduction of 28.6% and 39.7% compared to
unfermented rice bran. SEM observation revealed showed that
that the surface of rice bran tissue had less oil, a looser and more
porous structure after mixed bacterial solid-state fermentation,

which was more conducive to the release of rice bran oryzanol.
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Conclusion:  Mixed solid-state fermentation of  bacteria
significantly increases the oryzanol content and antioxidant
activity of rice bran.

Keywords: mixed bacterial solid-state fermentation; rice bran;

oryzanol; process optimization; antioxidant activity
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Effects of fermentation strains on the content of oryzanol in rice bran
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Figure 2 Effects of fermentation condition on the content of oryzanol in rice bran
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Figure 3 Effects of the interaction of various factors on the content of oryzanol in rice bran
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Figure 4 Effects of mixed bacterial solid-state

fermentation on DPPH radical scavenging rate
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Figure 5 Effects of mixed bacterial solid-state

fermentation on ABTS radical scavenging rate
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rice bran under different treatments

3 H5ik

i R 2R R RN R R R B E AR R AR,
X5 LR 2 2 SR A TS A DG . U L B 3 R KR
PR LT Y 2T L T 0 TR PR O ORI S E R A K
A . IR W] WO R RN R E AT S R B
AR R W R L2 K BERT R 44 h, & BEIR B
34 CLEME 10%, KR 10% WA FTAEREGTEN
(7.81640.038) mg/g, &K KWK A4 R & &1
L9 %, HZ WF5E 30 & B B O [R]85 35 45 4 F A 5 28 4
FF B R G R P G M 25 A R SR o P R R
FE3X 5 T 5

159



160

&3 5% M NUTRITION & ACTIVITY

5% 3k

(1] BRAR. ROBREE A 7 A BT 70 0E Je (0], MU T, 2022, 47(3): 37-39.
WEI L. Research progress on comprehensive application of rice
bran[J]. Grain Processing, 2022, 47(3): 37-39.

[2] GUL K, YOUSUF B, SINGH A K, et al. Rice bran: Nutritional
values and its emerging potential for development of functional
food-a review[J]. Bioactive Carbohydrates and Dietary Fibre, 2015,
6(1): 24-30.

[3] TSUZUKI W, MOGUSHI H, KAWAHARA 8, et al. The content and
distribution of steryl ferulates in wheat produced in Japan [J].
Bioscience Biotechnology and Biochemistry, 2017, 81(3): 573-580.

[4] WANG L, LIN Q L, YANG T, et al. Oryzanol modifies high fat diet-
induced obesity, liver gene expression profile, and inflammation
response in mice[J]. Journal of Agricultural and Food Chemistry,
2017, 65(38): 8 374-8 385.

[51 YAN S S, CHEN J H, ZHU L F, et al. Oryzanol alleviates high fat
and cholesterol diet-induced hypercholesterolemia associated with
the modulation of the gut microbiota in hamsters[J]. Food Function,
2022, 13(8): 4 486-4 501.

[6] XU Z, HUA N, GODBER J S. Antioxidant activity of tocopherols,
tocotrienols, and gamma-oryzanol components from rice bran
against cholesterol oxidation accelerated by 2, 2'-azobis ( 2-
methylpropionamidine) dihydrochloride[J]. Journal of Agricultural
and Food Chemistry, 2001, 49(4): 2 077-2 081.

[71 XIA X X, LIN H, LUO F J, et al. Oryzanol ameliorates DSS-
stimulated gut barrier damage via targeting the gut microbiota
accompanied by the TLR4/NF-«kB/NLRP3 cascade response in vivo
[J]. Journal of Agricultural and Food Chemistry, 2022, 70: 15 747-
15 762.

[81 538, 3%, W, 5. Bk S TR PB4 4 % 1
FEHUR ] AR A B, 2021, 29(5): 91-98.

GAO K, JIANG P, TAN B, et al. Research progress on y-oryzanol
in rice and its processed by-product rice bran [J]. Science and
Technology of Cereals, Oils and Foods, 2021, 29(5): 91-98.

[9] 2Rz 55 BRIUAR 1 7 48 A S AR TR b i B2 D). AR S5 £t ol
2019, 26(4): 41-43.

ZHU Y. Application of weak acid substitution method inoryzanol
extraction[J]. Cereal & Food Industry, 2019, 26(4): 41-43.

[10] TRUONG H T, LUU P D, KIYOSHI 1, et al. Binary solvent
extraction of tocols, gamma-oryzanol, and ferulic acid from rice
bran using alkaline treatment combined with ultrasonication [J].
Journal of Agricultural and Food Chemistry, 2017, 65(24): 4 897-
4 904.

[11] SOOKWONG P, SUTTIARPOM P, BOONTAKHAM P, et al.
Simultaneous quantification of vitamin E, y-oryzanols and
xanthophylls from rice bran essences extracted by supercritical
CO>[J]. Food Chemistry, 2016, 211: 140-147.

[12] KUMAR P, YADAV D, KUMAR P, et al. Comparative study on

BE 2638 | 20235F 98 | ARSHM

conventional, ultrasonication and microwave assisted extraction of
gamma-oryzanol from rice bran[J]. Journal of Food Science and
Technology, 2016, 53(4): 2 047-2 053.

[13] B 7, Y, i 38, S5, [ 25 28 90 Ak o0 Al o 4 £ i I

B 7= 0 A 0 A S O B 9T SR R (9] £ A 5 HLA, 2020, 36
(10): 219-227.
CHEN J X, FU Y P, GAO Y, et al. Research advance on effects of
solid-state biotransformation on biological activity of plant food
processing by-products [J]. Food & Machinery, 2020, 36 ( 10):
219-227.

(14] FF 258, BRilEie, 57, 2. KRB 45 & W T 2001 L= 4
BRAS AL [T, B i HLIR, 2017, 33(3): 42-46.

YIN X C, QIAN H F, WANG L, et al. Effect of solid-state
fermentation on the ingredients of rice bran[J]. Food & Machinery,
2017, 33(3): 42-46.

(151 S M5 . A 5 2 ST A7 A I /S KM 7 B0 4 A 3% ek 0 JB ) B 52
[D]. F &% AL AL K2, 2015.

GUO L N. Study on antioxidant activity material by Bacillus
subtilis fermented millet bran[D]. Nanjing: Nanjing Agricultural
University, 2015.

[16] 2= R IfT . e T ROME e T ) - T TR BT 1) o % I S
FrfsE[D]. B B T oK%, 2021: 10-22.

LI Y X. Preparation and quality analysis of y-aminobutyric acid-
rich rice wine based on rice bran fermentation[D]. Wuhan: Wuhan
Polytechnic University, 2021: 10-22.

[17] 3R EZRK, XIWH 0L, 060, 55, KR 5 & B L2010 & 3

2o A TE R AT (0] A AR 24T, 2020, 34(10): 280-289.
ZHANG X Q, LIU L Y, WANG L L, et al. Process optimization of
rice bran fermentation and study on the probiotic activity of
Rhizopus oryzae [J]. Journal of Nuclear Agricultural Sciences,
2020, 34(10): 280-289.

(18] e [ . A 280 2 A6 7 181 285 i e oA e R G I H il = 15 ) ke 1)
¢ [D]. it MR R 2, 2014,

MIAO P. Research on Bacillus subtilis solid-fermentation of rice
bran and its function of triglyceride-lowering[D]. Nanjing: Nanjing
Agricultural University, 2014.

[19] 4% ¥ . 56 T A o AR5 455 1 8 ™ -4 4 3 IR R A D]
PR B KA, 2019.

YANG Y J. Construction of high-yield y-oryzanol system based
on microbial metabolism regulation [ D ]. Guiyang: Guizhou
University, 2019.

[20] ZHANG D Q, YE Y J, TAN B. Comparative study of solid-state
fermentation with different microbial strains on the bioactive
compounds and microstructure of brown rice[J]. Food Chemistry,
2022, 397: 133735.

[21] F5 %, RS #, Bl R, 55 98 50 2F AT o 13 25 R g /D ko
VAR T Z D] & i RE, 2017, 38(10): 66-73.

WEI T, ZHOU Q J, LU Z X, et al. Optimization of solid state



r&M | Vol.39, No.9

[22]

[23]

[24]

[25]

fermentation conditions for production of antioxidant peptides
from millet bran by Bacillus natto[J]. Food Science, 2017, 38(10):
66-73.

EA%, B/ 22, ol 0 0, 45 b2 Rk AR 09 3% 1k 43 43 T
RN AIG P DEFE ], 1548 Tolk, 2023, 14(6): 118-123.

WU R, HUANG X L, HE X F, et al. Volatile components analysis
and antioxidant activity in vitro of Lycopus lucidus var. hirtus
regel fermented wine[J]. The Food Industry, 2023, 14(6): 118-123.
INGE], 27 58 0, 4, 55, B2k W R I 7 ) 20 AR IR Al % R i
Bl 20 BR AT S LR (7). B A WFSE 5 9T R, 2019, 40(1): 201-206.
SUN X M, XIN J Y, WANG Y, et al. Summary on the conditions
offerulic acid esterase and ferulic acid production by
microorganism fermentation[J]. Food Research and Development,
2019, 40(1): 201-206.

1 BRn, BETK, W — 3, S5 e 58 WIS TR XA A I 25 ) Y
PR Al B By T Y R A (). £ BT S 0T , 2022, 43(8):
193-201.

CHEN R Y, PAN Z Y, PAN Y L, et al. Eurotium cristatum
biotransformation plant phenolic compounds and affects their
biological activities: A review[J]. Food Research and Development,
2022, 43(8): 193-201.

WA, kAR, RAKA, MRS S b 22 19 B
% A R B 00 R (0], K HERHE, 2018, 45(6): 54-57, 62.
ZENG Y T, ZHANG Y, ZHU Q J, et al. Determination of enzyme
activities from Bacillus subtilis and Candida Nguyen fermentation
soybean meal[J]. Tianjin Science & Technology, 2018, 45(6): 54-
57, 62.

[26] A A

BERRE - REESEABRBEAEZRNIERNELFE TR

iR, DS, XA, % — M7= 2F 4 R WA, 55 28 AT T 1
Ml 4 B H }"‘H%‘H‘U{%[J &5 5 HLBK, 2021, 37(10):
12-17.

ZHENG Z Q, WEI C H, DENG J, et al. Study on the production of
Fuqu and the characteristics of enzyme about a cellulase producing
Bacillus subtilis[J]. Food & Machinery, 2021, 37(10): 12-17.
B, H£ AR, A5 5] 28 Bl A 0 o A A T R A X e R
R U AL T R[], 1L P R RO R R, 2023, 54
(3): 370-376.

JIN S, BAI X, REN Y B, et al. Effect of Fructus Sophorae
fermentation by immobilized microbial flora on genistein content
and antioxidant activity[J]. Journal of Shanxi Medical University,

2023, 54(3): 370-376.

[28] ¥ 1 30 . A 55 FE MU KT T XZ1125 436 KA 1 T BV M 23 9 42

B SR E BT (D] B At B AUR AL R, 2012: 52.
FENG H Y. Using Bacillus subtilis XZI125 to improve functional
components and nutritional value of rice bran[D]. Nanjing: Nanjing

Agricultural University, 2012: 52.

[29] LE B, ANH P T N, KIM J E, et al. Rice bran fermentation by lactic

acid bacteria to enhance antioxidant activities and increase
theferulic acid, p-coumaric acid, and y-oryzanol content[J]. Journal

of Applied Biological Chemistry, 2019, 62(3): 257-264.

[30] X1 3He. WU TR Az [ 916 22 14038 22 M D S A 0% o R R AR i A A 4k

[D]. "M #E5E BE T K 2%, 2023: 51-55.
LIU Y. Improving phenolic bioactivity in double-strain fermented
oats and their characteristics in vitro digestion [D]. Guangzhou:

South China University of Technology, 2023: 51-55.

(LB 109 )

(1]

[12]

WA T, RKW], KNS, 55, 5T D) R AL R R ik 43 A 2k 1
RET™ i R 55 R MLy /A (], B ALK TR, 2020, 31(7):
853-864, 870.

WU C L, ZHU T M, ZHANG P, et al. Conceptual scheme
construction of smart PSS based on functional model and AHP[J].
China Mechanical Engineering, 2020, 31(7): 853-864, 870.
EAR-, BN HL A AL A T S mh G Bl 7 AR BE A
W0 A RSB, 2022, 38(2): 148-152.

WANG J P, XU G. Research on tomato maturity detection method

[14] FAN S X, LI J B, ZHANG Y H, et al

based on machine vision and electronic nose fusion[J]. Food &

Machinery, 2022, 38(2): 148-152.

[13] CHEN J L, ZHANG M, XU B G, et al. Artificial intelligence

assisted technologies for controlling the drying of fruits and
vegetables using physical fields: A review [J]. Trends in Food
Science & Technology, 2020, 105: 251-260.

On line detection
of defective apples using computer vision system combined with
deep learning methods[J]. Journal of Food Engineering, 2020, 286:
1-10.

(k3%

[16]

133 1)

AR VR, TRARE, MG B, 55, B T SCHF R L A AR AR A Bt
B 2EEAS TN [C]// 2018 578 8 K 5 DX RE A6 I 5 B[] €1 37 7
AFRIRIE IO TN v E AR R A &, 2018 294-300.
XIONG J T, LIANG C X, LIN Z K, et al. Fluorescence detection
of citrus characterization defects based on SVM[C]/ Proceedings
of 2018 Guangdong Hong Kong Macao Greater Bay Area

Intelligent Detection and Collaborative Innovation Youth Forum.

[17] & 3, 2%

Guangzhou: China Instrument and Controlsociety, 2018: 294-300.
i, TR, GF L FARMEAL S S SVM 9/ R R i
5 3 A R 0[], ARl TR 27 4, 2022, 38(14): 295-302.

ZHAO Y Q, YANG H L, ZHANG Y, et al. Detection of defective
Arabica green coffee beans based on feature combination and
SVM[J]. Transactions of the Chinese Society of Agricultural

Engineering, 2022, 38(14): 295-302.

161



