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Abstract: In this paper, bagasse was fermented to produce dietary fiber by Bacillus subtilis. The extraction process of
soluble dietary fiber (SDF) was optimized by single factor test and response surface methodology. The physicochemical
properties, structure and antioxidant activity in vitro of dietary fiber before and after fermentation were compared and
analyzed. The results showed that the optimal extraction conditions were inoculum amount 10%, pH7 and fermentation time
71 h. Under these conditions, the extraction yield of soluble dietary fiber was 17.95%+0.06%. The analysis of
physicochemical showed that the water-holding capacity, oil-holding capacity and swelling force of fermented dietary fiber
(F-DF) were significantly increased compared with DF (P<0.05). The ultrastructure showed that the particle size of dietary
fiber decreased and showed a lamellar state after fermentation. Fourier infrared spectrum showed that the intensity of
dietary fiber absorption peak increased and the overall peak type and position did not change after fermentation. The X-ray
diffraction pattern showed that the diffraction peak intensity decreased and the crystal structure did not change after
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fermentation. Compared with dietary fiber, the DPPH free radical scavenging energy, reducing power and hydroxyl radical

scavenging rate of fermented dietary fiber were the highest, which were increased by 32.9%, 0.70 and 50.55% (P<0.05),

respectively. The preparation of bagasse dietary fiber by fermentation could improve its physical and chemical properties

and structure, and effectively improve its antioxidant activity. Therefore, this experiment provides a theoretical basis for the

effective use of sugarcane raw materials, the processing and utilization of by-products and the avoidance of resource waste.

Key words: bagasse dietary fiber; fermentation; response surface methodology; physiochemical properties; structural

characteristics

H R e H R A TP AR A B
AR, S H N Tk AR rh p R, 3R AR
A R B H REIEBOE 78, A2 HIEL T 7853 A AR BN
TN, RO BT IR P T H R R AT 4R ER
P YE AR Z N T 220, DR H R P R e et
Ao B o LT YT AR A R G 2 A4
I, Berl e e e Sn] Fpspamt™ . AR HS e
ANIA, R B LT 4E oy T PR B LT AR R s
ELfYE. AR TR RE e 2r 4, v rig e er4ine
ARG, WK VRS, AT AT A A RER, T RAdE R AT
I O K 11 A = | IR S B 2 L PN U o2 1
P IV R R L R S s R 8 A S B D i o

H AT AR L 4Eno i Sk aesEs" | v
FES | BEAD A KRR A R A T
EAE g — P B il 25 T 1k, AR E R 70 i) AN
{RG, B o 2e iRt s X TR E ks & s
LAY HRIE H UL AR AR A S Z LA e v
PEERREA Y FLRR Y, BhaEt | ar AR, 4T
et 25 AR ZUAT B AT S EEBR R IR WA
PR R, X TR | AR R AR 2R ™
s AN R SR 2R LR R P (A | AR T R
HLH RS AR 22 5 A AT, TR S AME BN L
Bz PR o AR, Rh S 25 R TR A IR TRI 0,
FRAA PR, AR RS A 08, HLA [ B REG K
THARPERGSS, QN g . 2T 4E R B, I RENS BES)
BRI AARE M o DB AENT R AL 25
FFER A A PR, i 2 KBk b RS PR Er 2T 4, 42
RN 12.88% 0 XF T H N R e 2T A i 45
D, MRZSAENS R B il w5 R R B 2T A, A A
) B IR P R AT AT T A A B E B

A TE LIS B 25 ST A A B B R, AR
/Y4 2P NG R SE IR REege iy e N R E LG VAT
P T 2R T, S T R B 2T A A P
AR, AW Pedse ARk | IR SR T, P A e
FRARPE ST A 2 s MU A BT L £0A10E e X-0)
LRI HT R TRAL BT IS RS B LT R A A8 Ak, JTX T
FATHPEREATOISE . AT S TE S i rh ]
IR B LTHER & i, A UG AT AE B o S S5 A R
P, DA i IR U A A R, el DB 2
1 MR5EE
L1 #MRISNER

HTEEH )P R T H AT S R A
FZFATE BO1  ZRAbAO R AME B B b i A= 4

SEUG B AFRAT s FHAIRTN I R 43 Hrali; RHE BRI [
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120 r/min 544 N FEIRIEFR, KIS IS, 4000 r/min
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50 mL REVE & MR I 3, WA = FATAE, JETY
pH & 7,121 °C. 20 min KE®&HJG, I8 6% AiE
AR A OISR R EEATIN, 76 37 C RIFRE
Ty BRI AW 24, 36, 48, 60, 72, 84, 96 h, i1
SDF PJHZHEE,
1.2.3.2 EFPEXT SDF #2BCRgsZ M Al il -2
50 mL R IEER IR L, fRLH = A SPATARE, P pH
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6%. 8%. 10%. 12% FN 14% B3R EFE A BTG IEAY
A ZEFAT A, 76 37 °C R BFIEE FHEM R 48 h
J&, 1145 SDF FUHEICR .

1.2.3.3 15353 pH X} SDF 2 HUCRMysZm  EEHI7S
20 50 mL JEA R BRI AL, FRL —APATRE, 43l
W pH N 4.5.6,7.8F19, 121 °C. 20 min K%
S, IR 6% MFEFh a2 A BTG AL AT B 2R A AT
P, FE 37 °C REHEE NHE AR 48 h J5, 1154 SDF
HUPRICR
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Table 1 Factors and levels of response surface experiment
) K-
(SES
-1 0 1
A: BB TE] (h) 60 72 84
B: $Fhi (%) 8 10 12
C: pH 6 7 8
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P R BRI IS E LT 4E A TRK J7 . i 7 B ik 3
PRI A2 o

1.2.5.1 Rk S ZRESCHK [20] 09775, BL 50 mL
BLEFREIC m, MEFIFRIL 1 g BEEL4EGEH
my) DA B, IR LA 25 mL Z8187K, AW
FE 30 min JFE.O, R _EIEWRSE FANELCHE T, PR
0N my.

L —m,

Fk (gl = 22T
m

1.2.5.2 gy ;. ZRESCHK [20] 79775, BL 50 mL
BLDAEFREICH m,, MEFIFRKEL | g REEL4EGeh
my) ITAES.CAE, Z il A 25 mL i1, A Wi £
30 min fF &L, 25 LIE RS FHUELR Tl 45, FRECH:
JREICN my.

,—m,

. m; —m
Frmi7i(g/e) = —

1.2.5.3 Rk ZSHRESCHER [20] B8, % 0.5 g BiE

ETL4EGE N m) BT 10 mL B &, (AFRIiEh v,

RIS mL ZEB/KCE 24 h, AFLEN V,.
WK i (mL/g) = 2

m

1.2.6 JEELT4EIgiam e

1.2.6.1 HBAI = BESCHR [21] B & TRERT A A 5%

JE B AT gkt S iCE T T, TR E R,

FIFHFAHE s E R M Es4, S 70T e o
1.2.6.2 £I4MGIEHT S HRSCHR [21] 435 B F
TR RE R A I, 76 4000~400 cm ! J Rl P UEA T
LLANMRE, FEXT AT RTas IR .

1.2.6.3 X-SEATS T SHRSCHR [22] it X-4F
LRATTFH SN R K TR T D A I JE W B R 4 iy AR g 44,
WGSBS, B A S AR LAY, TSR B GH a3
AR SR L, KA SR ARSI, X T e vk
RETESTT

1.2.7 BUEALREPENE

1.2.7.1 DPPH HHRIERIINIE SRS
M IR I T REARR B, o R I AT IS TS B A 4E O alAs
'] 4 B8 s P ARV 9, 22 B 1 mL A5 1 mL
0.1 mmol/L /) DPPH-Z BEIR A ¥ W&, /X NV 30 min,
T 517 nm IR A5 B T B £F A T ) IR REE,
0 A XTRRZH: LU 2B DPPH 58 5 S
BRSCEEEIC N A,; a5 FIZH: FAZEERICIERE S AER]
LRI NI WO G EEH, ARICoh Ags BHPEXS BEZH: 4H
RIS Ve 3, 115 DPPH [ HBETEIRAE 1A
/(I
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1.2.7.2 WJFES0MIE S IREREIRERRY, K R iz
TS RGBT 4R H AN R BB BE 0V, SR e IR
fINA 2.5 mL 0.2 mol/L fJ PBS ZZ#h# 1 2.5 mL 1%
) KFe(CN) ¢ W, P25 5 IR G AT 50 °C
MR EIE A 20 min, FANA 2.5 mL 10% =4
R W, 6000 r/min B5.L» 10 min 5 W B I 35 %
2.5 mL, FRKANA 2.5 mL 2585 7/K . 1.0 mL ¥y
0.1% 1Y FeClyo LIREEIK SR ESM O GRETT
T 700 nm AL E W O'CAE, IFFH Vo R BHES R
1.2.7.3 FRIEHHILER TN E S BECGER [25]
BT 25, 5 R RS T B 27 Ak Fe ) B RIS E 1Y
VIR, SE862H: B 1 mL FESFARIKIIIA 1.0 mL 9 mmol/L
IR IR W AR AW . 1.0 mL 9 mmol/L /KR S R
F1 0.5 mL 0.1% M FAb SRR G#:5), 76 37 C K
JZ W 30 min J57E 510 nm P54 0 58 W G
B, I8 A X HEZH : DLZRRE /KA W 18 W 4204 TR
T E A SIS R IR SRS RN, AHTRISRAAE T Tl
SIS CEEEIE T A, 25 FALH: FHZES AR i
W, ME [RIRE S5 T RO GEE(EIC S Ay BHPAEXT IR
M. MR Ve I, TR A 2RI BRRA
HANF:

FRE I R (%) = (1 _A - AZ)X 100

1.3 HiEasE

A SEE B AR B ATIN R 3 Wk, Sl R
Excel #bH, i i 2056 FH Design Expert 8.0.6 34T
BT, VEEIR ] Origin2021b %47,
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2.1 BEZRIWER

2.1.1 REEEHEXT SDF f2BCRpFZm & 1 2558 5
TN, FER T, B I TR] A3 1, A SDF 9 H2H
AW LT, AR TRIFE 72 h AYEHEE, SDF $RHR
BB, Z iR B N R, X 5 a0 f
FELEFARL . B TR R TR, PR Rz
WG FNEIH, 43 Wb I R LB T 22, XD A%
WEAT SRR, FRE A SDF WiZWi 2, mife 72 h
Z )&, SDF $EHCRIFUA TR, rl R4 RKBEA T
K IE W, TR HT AR PET, I AR BRI UG %
HREAIS, T R T 2SR B SR AN 2
DI AR A K 251, 3 SDF FR s/, Frld, &%
& KT 72 he

251

20

151
10 r
24 36 48 60 72 84 96
1] (h)
K1 R SDF $2ICR A2
Fig.1 Effect of fermentation time on extraction rate of bagasse
soluble dietary fiber

SDF (%)

2.1.2 JEFpEXT SDF $EBCRAgSM IR 2 Rl HI7E
B R 2%~10% Z 18], B R 3, SDF 1Y)
PEMOCRABAEZ WG O, R &A% 10% i), SDF $#2
BCRIRE T i KAH, B E KT 10% /i, SDF $2H
RIFUR T M. VAR 9T R BERE M 50 mL
Ft, At ZE AT PR R AR R A 10%; Bl R i
B, A K BRI %, XS FE 50, 43k
PRI 22, -2 8E SDF AR B, Fedefh
ILF] 10% B, SDF $2 B3R R 3 1 de KAH, 32 @4
EH| 12% MRS e, SDF $EBCRIF 6 R, nT e H

201

o | //—/\(\

14+

SDF (%)
N

12

10 — : : : : . :
2 4 6 8 10 12 14
FERI: (%)
2 Hefhid X FER SDF GRS IR
Fig.2 Effect of inoculation amount on extraction rate of
bagasse soluble dietary fiber

FRAA K S5 T HERS, YIS IR R AR AN 2 LA
FRAS 53 i, JT 4fy 328 W T FE B R 00 i 1 41 4, i R
SDF FJ& i N, FrLABai R 10%.

2.1.3 pH %} SDF &Ry m  hE 3 ol mEs s
L pH 7E 7 B}, BEW SDF $2HBCRIAR| T R KME, X5
Pt S50 7 S 2 IR VAR B ZE AT DR T B8 KRR
F L 4EnT, B L pH S 7 BUgE IR—EK, 7E
pH VPR P 5% 2 ik ), SDF $2 B3R5I, 3X 7] R
Sl T RIARERGE pH N 7, 1504 e A A BB AR
A — R I dd 1Y pH i L, 2y B Rk ml g o 2 4
B K FGEVEEITE 6.3~7.5. HZFHAT B 2RI %
il pH N 6.5~7.8, 1 H. 24 pH 7 f 16 70 [l Py A
TR b bedse e g . T AR A AR Kt 43
fRRCE RS, TRl pH 2 7.

20
316}

=

24t

4 5 6 7 8 9
pH
3 pH XJHEH SDF SR
Fig.3 Effect of pH on extraction rate of bagasse
soluble dietary fiber
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2.2.1 RGP SR DISAK R SLgG 25 R S Fen,

AR i 1 187 i85S Box-Behnken 211 R ER, DA & 2 ET

(], Eefp e M B5 3R 3E pH VE S N A 22, LAnT g

BELFAERHRICR (SDF )/ NAE, it —HER =K

SRS RITSE B, B IEA T I VS AT A i S AR 5

e AL T2, 45 R L 2,

222 MIFAFRESHFESSHT XSRS T 22

A3HT(ER 3), AT P {E<0.0001, FEBA A 5 FEAE] T

ETE I S s SR TS B SIS YT R (=)

0.6869, T 0.05, FT/RRIITFA 3, LI iR K

N, BIEBER . W PER S FR B R I C FREAN R

WL, T ORI AL B FIZE BB BC R W, Bl
X LB R 2 X0 s SDF $RBCRAYSZmME R . H F1E
P8R/ INAT RS i) DR 2852 i) R/ NI 2 E>pH>&

B2 ] . [RS8 R?=0.9749, KT 90%, 1L HAH
RAEELS 5 R?,4=0.9427 BiWAT 94.27% 1Y SDF $2HL
RARSOIARAE 3 DAHCHE R b, AR [ ) )5 Sy
Y=17.92-0.19A+0.40B—0.34C—0.21 AB+0.79AC—
1.05BC—2.51A%—2.60B*—4.12C?, 43t 2 IAFI

i 7 TRV T TS 04 [T U AR #6555 FH v SDF il &%
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2% 2 Box-Behnken i3I0 % i1 M 45 51

Table 2 Experimental scheme and results of Box-Behnken

design
RIS A REERTEI(h)  B: 36FhE (%) C:pH  SDFIEHUR(%)
1 72 12 6 12.49
2 84 12 7 13.15
3 60 8 7 12.03
4 72 8 6 10.25
5 72 12 8 10.03
6 60 10 8 10.21
7 72 10 7 18.25
8 72 10 7 19.11
9 84 8 7 12.11
10 72 8 8 12.01
11 60 12 7 13.91
12 84 10 6 10.79
13 60 10 6 12.77
14 72 10 7 17.96
15 84 10 8 11.37
16 72 10 7 17.15
17 72 10 7 17.12

3 IARORA T 22 0 A A T
Table 3 Analysis of variance and significance test
of regression model

A SFJ5 EI B Wy FlE PfH

H7E 149.88 9 16.65 3027  <0.0001
AT R] 0.28 1 0.28 0.51 <0.0001
B 1.26 1 1.26 2.30 0.1734
CpH 0.90 1 0.90 1.63 0.2422
AB 0.18 1 0.18 0.32 0.5889
AC 2.46 1 2.46 448 0.0721
BC 445 1 445 8.09 0.0249
A’ 26.61 1 26.61 4837 0.0002
B? 28.55 1 28.55  51.89 0.0002
c 71.44 1 7144 129.84  <0.0001
B2z 3.85 7 0.55
ESi%) 1.09 3 0.36 0.53 0.6869
WE 2.76 4 0.69
S 153.73 16

R*=0.9749

223 W EESHT 3R 3 WIN, Pag>Pac>Ppes L
B P AE A A R 1] - e R i) S B O A
BT YEf A TR, MiEF RS pH 1938 5EAEH]
X R TG AT R a5 B TR E . MR R IR TE]

FeAhi . pH — AR AS BAEH S E ) 5C R 45
A N TGRS R, A R UL AT 4 i 7 T b R
B . 25 e 2 B T A 15 AR 5, A Q2SR A Rl 3R 58
Y RIS i A 1) 5 ) e i =25, i 7 L ) AT 72 7k A
TTLAE Y, BC il EHEE B 5 5 BRI, 45 s 2 1R
e HARG GG, HE AC, X UiIAE A S pH 221
VE R i 2, Hog i 25 1) 2 A IR TR AN pH PS8 HAE
JH, 10 AB HR A B 52, 25 2RI R4 5 v ELAH
XT RS, UEHH K& IR (R FEE P B 22 R0 58 B AR FHAS 2.
2, X 57225 E5 3, ilid Design Expert 8.0.6
TRAF 53 AR IR A 5 = ) e T il 5 TR T 2T A de
T4 . 4570 10.18%. pH N 6.94. K EEAT
6] 71.4 h, BSE M 18.732%, 7 HSLBRA S, XF4%
N AT T V8. 3R 10%., pH N 7. & 2T E]
71 h, TEI 515 F BE#E SDF R HU% K 17.95%, 53
IEAHZE 0.782%, FRUISEIE FIFSHILLA B3 S o
2.3 IBECMERAVIIE

I e (DF ) A 1 5 JhE £ 21 4 (F-DF) 19457 7K
J1. Frim F1 KR T3 inge 4 FioR:

KA REERTAA R 2T 4 PP
Table 4 Physicochemical properties of dietary fiber before and
after fermentation

e Kk F1(g/g) FrmH(g/g) &K 71 (mg/L)
DF 3.75+0.04* 3.19+0.02° 3.07+0.03"
F-DF 5.10+0.09° 6.93+0.13° 5.34+0.11°

H: [FFIAN R 7B 3R R 22 57 i 3 P<0.05) .

F AT, RS R B LR 4Rk I L Rl ) &
JERK I3 3900 T A R e ok, U E S ik & EAb B )=
RV P BRI R A T AR, FERK L B B kA
I H#ERA T T, AR P ek P T e ] R
T ATV PRI B AT 4R 0T B B0, T LSl 2tk
WAL PR, TR SO I ZE F T SR, PRIRZE R,
PR 22 B AT IR R AT A, T AR K R R, (R
WA FITF KIS FHEA, e KA
2.4 LEHSHR
2.4.1 ORZEAGIE &l S SRR WERT(DF) MR s
JRE LT 4E(F-DF) UK 500 5 OMEs IR . E R
] LA H 2ok R WA BRI B 4T 4 5 FURHY FR 0T

SDFEHUR (%)

A: KR (h)

78.00 9.00 1000  11.00  12.00

B: R (%)
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Fig.4 Response surface plots of the effects of factors on the extraction rate of soluble dietary fiber
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