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Preparation of soluble dietary fiber from okara, wheat bran and

pear residue by liquid fermentation with Monascus anka
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Abstract;: The preparation process and characteristics of soluble
dietary fiber (SDF)were investigated during the liquid fermenta-
tion with Monascus Anka 3.4811, when okara, wheat bran and
pear residue were used as substrates. The optimal fermentation

conditions were obtained as followed: okara fermentation time
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was 7 d, solid-liquid ratio was 1 ¢ 15 (g/mL), inoculum amount

was 13% ; wheat bran fermentation time was 6 d, ratio of mate-

rial to liquid was 1 ¢+ 15 (g/mL), inoculum was 14%; pear
residue fermentation time was 6 d, ratio of material to liquid was
1320 (g/mL), inoculum was 14%. With the fermentation, the
solubility, water holding capacity and oil holding capacity of SDF
were improved, and the functional properties were improved.

Keywords: Monascus anka; soluble dietary fiber; okara; wheat

bran; pear residue
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Bl RIS B AR R SDF I H W7k . BRIk A
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Fe A 3.1 % 4% 19.9% . Jia 4507 ) 4 6 A B (Tri-
choderma viride) & BB KM . SDF 7= 56 )\ 10.5 %6 1 il
& 33.4% K JE BUIE KAk Y SDF B 58 K .l
PR & i D B R SY

B R il A 2 i B — B e K R R RE A
L RE PR Y . 40 monacolin K 22 iy [ {21 iy (2 2 . B
SN LI K B A A R 1 G U R A AT 4 R R R
RVRAT S Z P AT & BV T R R 0 R AR A
it 43 /K fifk B A6 22 W 43 3% TG 0 BRI E B B B
LN T 5 T 5 R R SRR I 0 2 i 37 A5 DA T 384
TS0 R I R £ 0 A . T O R R I T A 3R R R
W VA L AT A AT A v A 4 R Rk A 4 R A
Wi Ay THEWUDN  SERE S R NS R IR T R A
i B E VRS K I A rh AR T ) 6 i L 22 Bk B4 SDF
B A5 2 R K A M BE 9 52 W, g A DR 7 I A B AN
R S Bk B SDF #1424
1L MRSk
1.1 ##
11,1 FoRS 5

L HR B 100 g SE I BROKIL A Y LR
B HAR 07 K 43 FK 43 5 5 43 5l 2 61.00,16.50,11.22,
3.98,7.30 g; & 100 g #k 57 i ik K A& 4 ML (KL g
J05 K 43 FOK 43 & 43 0 A 63,40, 16,19, 9,25, 4. 16,
7.00 g; B 100 g BLIE (K AL G4 HLEE B HLIE G IR 4
KA &4 MK 62.40,12.10,13.85,4.77,6.88 g, Fi 7
b2 3850 35 Sy [ 7= B 4l
1.1.2 HF 55t

R4 i & (Monascus anka ) 3.4811 ;. 0 [# 38 JH fi4=
Y BERAR R0 o PR AE T A B Tl K 2 R AR TR
TR

WAL RE R 3L . PDA KR 3t

TR SR 3N AR LS EANR.0. 1% Bk
BRER B, 0.3% B B2 & — 41, 100 mL ZE 4 /K, pH 7.0,
121 CK B 20 min;

KT FR T B Bk, S BL M R 200 g, A A R
10 g iR #k 4 g, MIZEB/KEZ 1 000 mL, 250 mL = £
A2 100 mL & EEW .115 “C K 20 min,
1.1.3 U534

A I VAL : GT SONIC-P27 B, |7 4% [ 4 75 B
(el S YNETR

VR 85 0 HL . 5804R B, 48 [ Eppendorl A ;

JE R PR W 55 35 46 HNY-100Y %1, {6 v = b5 4 B
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1.2.1  AIEMERE A dend il 4

(1) JK B 43 HIFRIC 10 g BB in 100 mL K, #2
5] )5 #E 90 min, 1875 P& 4L FE 30 min, 8 000 r/min & .0
15 min, IS &R A 4 fERRL 95 % Z 88, 4 C Byt
B 0(8 000 r/min, 15 min) , ¥ ILIE B & . ¥ 7 T 4
4 SDF,

(2) WV AR SCHR L9 Ims VEME B0, 43 BRI 10 g JB
#OB i 100 mL K #EAT KR 3R, 95 CF AT
- VEM R LW AOR I E AR R HE 60 TIMA
I BB Ak B OB 30 min, T[] ¥ VR H A M R A Ak
B2 30 min, 4K SE A ST 4k 2 50K RO EE 2 BT 45,
55 CF /K 30 min, W45 )G, 5 2007 ik IR K38 1k .

(3) J Wk : ARHIE SCHR L 10 T /48 5, 4 e 5 9% ik
FRKW G, #—2 A amaf F8Rn. F
28 “C 160 r/min $& K H B 55 — & B [A] )5, 8 000 r/min g
0> 15 min, J5 8507 B [FDK 32 56 L 43 49 B iE v i VG B 4T
4 (OSDF) 2 %k 1] % 1 [ 1 21 4k (BSDF) \ BL i ] ¥ 1 1%
&4 (PSDE),

1.2.2 SDF 88t &= (D5 SDF #3%,

M,-M, ,
i x100%, D

o

C——SDF 8%, % ;

M, —— TR & . g;

M, — UG O T 0 %E SDF 1955 35 L% & . g5

M— R Tl it g.
1.2.3 AR ZEIRK Ll SDF 15 R R IEN 1545 . 4 9] % 5
BRI 0 5~1: 25 (g/mL) ] #fM#E (6% ~14%) . &k
R ) (3 ~ 7 d) XF 41 i % & B 7% i % BSDF. OSDF,
PSDF HYy 51 .
1.2.4 ZHEMRMARE ERREZAEEROERM L,
e 5 6T 1 56 8 R ) 1 B 3R KT 43 0 AT E 38 IR 58
A 7 1 8 A6 3 56 LA A e A 1 A Ak A
1.2.5 SDF PEFAE R4 STk — 12009 77 2 2 3
M %E SDF 145 K (WHCO) F g% (OHCO) , ¥ 0.1 g
SDF #f i TRt B R 80 3% 57, 490 nm b
WY B2 L LANLEE SDF 1 3% B B
1.3 Sitsaw

PRI E S 3 K1 SPSS V19.0 B F #4748 3t
A3HT. {# ] Duncan K3 ., P<<0.05 R %1% 0 &4,
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2.1 BRZERABLER

2.1.1 B X SDF 3R 5gmg B 1 al A0, B
SR 2T B B & % 1 % OSDF . BSDF, PSDF (% 158 %, %
OSDF 18 3 #§3% mi KX T BSDF I PSDF (1§, SDF 7§ # [
AR MM KE B TRE. YN 1:5
(g/mL) B, OSDF 18R A% by T 52 WK P45 e 24 %
WL AR, SRR AR TR ZE M AR, MR
Feoh 115 (g/ml) 2 )5 . SDF M R g K As 7 . il
# SDF 5 {4 #E K & 19 oK S BEdE AT BEUT . 15 49 A4S L %
A 2 2 T A0 00 L G S TS L B R R R ) B A R L
115 (g/mL),

7r

—— OSDF

=
T

SDFf3 %
SDF yield/%
wn

4,
3,
2 . . . ,
1:5 1:10 1:15 1:201:25
T - v/ 1 4
Material-liquid ration(g/ml)
B 1 #tst SDF 2 &6 %k

Figure 1  Effect of material-liquid ratio on SDF extrac-

tion

2.1.2  4EFhaxt SDF s &l 2 o] 1, SDF 1%
BN BB Se B NS A TREIL. RSB TRE.
Fe b i gk D B T VR B R AR ARG ™ 9 20, SDF 75 40 4I% 5
Peh i Ak S R R /S e R 2 B SRR
o, AR EUR 2 L JE B4 M A KT B SR AN R L SDE 4
A PR MR R 122,

2.1.3  REERFAIAS SDF 1409 m g &l 3 "5, K B
5 d i}, BSDF #1 PSDF 18 % £ & ; %1% 6 d i, OSDF 18 %
S KRR 21 M 3 X A 7 % s b Y IDF AT
i o IDF Fe0lE 1 5 W 22, 28 i/ 4 T4 % Ak S SDF, T
Z IR F Y IRAT L 53 % s K B — € B [B] )5 . SDF 13 % F

7 -
——O0OSDF
6 ——BSDF
M’S ——PSDF
W S
L
N c% 4+
3 L
276 8 10 1214
Fefi
Inoculums/%

B 2 44 Exf SDF 7 269 % @

Figure 2 Effect of inoculums on SDF extraction
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Figure 3 Effect of fermentation time on SDF extraction

Fie o FT RE 2 K T — B IR () i o ik S0 B0V G L TG T SR R A il
DB T B SRR B I bR RN S R
SDF 8 #t — 2 73 Sy o T /N ALo 4 B SR .
2.2 SEFRRBER
2.2.1 DBSDF RBEZAMOUAL  DURHR L B R &L me i
6] 29 [N 28, LA SDF 15 3 0 25 48 05 r i i 1E 2286« I 30K
FRIE 1 IR AR KT LS 2,

122 2 A Ji1 . BSDEF il 4 1. 2045 IR & B9 32 O 2 k)

x1 EXRBRITERAKER
Table 1 Orthogonal test design factor level table
K ABHR I (g/mL) BgeRih/ % C &R E /b
1 1:10 10 5
2 1:15 12 6
3 1:20 14 7
F2 BDFRIEIZEXRRBRITRERSH
Table 2 Orthogonal test designs and results analysis of
BSDF preparation process
s A B C z5%]  SDF f#%/%
1 1 1 1 1 1.70
2 1 2 2 2 2.70
3 1 3 3 3 3.25
4 2 1 2 3 3.80
5 2 2 3 1 4.16
6 2 3 1 2 4.80
7 3 1 3 2 3.00
8 3 2 1 3 3.30
9 3 3 2 1 4.00
"""" K. 765 850 980 9.8
K, 12.76 10.16 10.50 10.50
Ks 10.30  12.05 10.41 10.35
R 5.11 3.55 0.61 0.64
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W > Fp > e L R A N AB GBI 3
AT, RF W HG RN 4 R R X BSDF 48 2% 5% i) i %, R 2 B [
XL AR B R A ABCr. X B R R A A
AT (1 =3) . A, B, C, 18 % Hy 5.52%, A, B, C, 15
2Ny 5.38% . R ih B & W £ BSDF #4844 b &
JERt ) 6 d BB LN 18 15 (g/mL) ek 142,

2.2.2 PSDF Kesctbife  DURNE Lt 2 & & BER
6] 5 I 2 Lh SDF 15 5%y 2% 2246 br i 11 1E 38 1l 3 R 36 7K
PRI 4 KGR R AT L S,

B3 5 Wl 0, PSDF il #5 T 245 N 2/ £ Ui ¥ 2 &

FEmS ) > B e > fh i R A A AsBsCoo B3R 6
AT, % B B[R] AR X PSDF 44 5682 00 . 3%, 12 R
XN B2 BIE A AN A B o X R4 A AT
HESZ 8 (n=3),SDF 18 3% )y 5.42% , #er ih 5% &k B &
PSDF #4041 ke e md 1] 6 duBbii kL 10 20 (g/mL),
B 1424,
2.2.3 OSDF REscEAL  DOBHR b 32 Al L & Ee Bt
6] 24 B 2 L SDF 15 38 2 %5 8248 b5 B 10w bz i il 3 » PF 22
KRR 7R 45 R K s L3k 8.

% i Box-Behnken #F 17 2 70 [0l 13 $ & 4 #7 - 15 IR

Z2 3 [l I 7
Y=28.03—0.26A +0.18B + 0.29C + 0.12AB —
0.065AC+0.43BC—1.93A*—0.52B*—1.43C*, (2)

H R YA 5 A2 % ) 5 OSDF Y % B 2% 144 47 b1k »
A OSDF f3-5 i A8 100y 3¢ 9 7T R0 [ U545 78 A
B3RS PR DU B R LR B R
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Table 5  Orthogonal test design and results analysis of
PSDF preparation process
BN TR A B C %) SDF133%/%

1 1 1 1 1 3.00

2 1 2 2 2 4.44

3 1 3 3 3 3.58

4 2 1 2 3 4.85

5 2 2 3 1 4.39

6 2 3 1 2 4.00

7 3 1 3 4.20

8 3 2 1 3 3.80

9 3 3 2 1 5.40
""" K. 1.0z 1205 1080 1279

K, 13.24 12.63 14.69 12.64

K; 13.40 12.98 12.17 12.23

R 2.38 0.93 3.89 0.56

R3 DBSDFHEIZHAESN
Table 3 Analysis of variance analysis of BSDF preparati-
on process
2 58 RE df ¥75 F {8 B
A 4.354 2 2.177 50.63 *
B 2.104 2 1.052 24.46 *
C 0.097 2 0.048
Rz 0075 2 o003
B2 0.172 4 0.043
B 6.628 8
F4 EXRBWEITEERAKRFR
Table 4 Orthogonal test design factor level table
K- A BRI L (g/mL) BEME/ % C LB /h
1 1:10 10 5
2 1:15 12 6
3 1:20 14 7

ZE W B R 22 518 AT T4/ . 3 A~ E X OSDF
15 52 W AR IR Ry R TR B IR) > ORE WL > e R i A
OSDF W8t 414 BRI 1 ¢ 14,67 (g/mL) | # F &
1300 & ERT ] 6.83 d, AR 4 55 B 4% B0 18 1F Jy & B B [
7 dVRHREL 12 15 (g/mL) JHERR 13040, JF 1T 50 E ST 5
(n=13), OSDF 1§ & Jy 8.3%, 1% i i I {& (8.03% ~
8.50%6) » 15 W SR FH i 17 1 i TS 3 A T4 SRS n {5 .
HEGFWIERE L.
2.3 SDF B4 R INEEHF 1 5 4

H1 & 10 TT 1, & B 3 A0 05 BE i 3% $2 &5 SDF 13 %,
H 3 MUK & B SDF 15 R R TRk . KEEL 5K
ARG 2R T 5 e A i A B0 AT il B e A K AR
R B 3R 4 A3 B & 4 i SDF., & 41 i % &
% J5 $2 B OSDFE,BSDF Fl PSDF 135 B B 35K A1 . 45
S ER A B AR . B W UG SDF U R S
Rk Jy A J) J& SDF Zh B fe v i R AF R BE7 . BT
S T 5 R 20 i 2R A AT A 2 A SRR I L ol 2R
A BE LR I L FE Bk B TP T G T 40 M A RS R B
/NBURL SDETY 380 T 3% W45 SDF f 82 il g BL 48 7 T
WHC Hl OHC™ *", SDF % F /K J& & Bl . M k.
SDF 4fi i i , & BB, Bk M 4y 5 J e o R P, i
B ID 2 WE A0 M RE B IR R A s R £ A A
FHEE OHC™ , Hoar i 8 % B 0l 45 R0 w0 Wit L 22 4k
ALt SDF [ #4600 . 2 iV 53 L 22 %k L &L id SDF 1A
MEAE .
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% 8 OSDF #l#%& T ¥ Box-Behnken X%+ R ER D

Table 6 Analysis of variance analysis of PSDF preparati-  Table 8 Box-Behnken test design and result analysis of
on process OSDF preparation process
ERW  FHAM A ¥y F{ BEHE e A B ¢ SDF /%
A 1.180 2 0590  21.07 * 1 1 0 1 4.53
2 0 —1 —1 6.06
B 0.147 2 0.074 2.64 3 0 0 0 8.03
C 2.595 2 1.298 46.36 * 4 —1 0 1 5.45
iees 0.056 2 0.028 o 1 0 1 4.02
" - 6 0 0 0 8.04
it 3.978 8 ; . ) 0 575
8 0 0 8.03
R7T MEEREZITEEKERBEE 9 0 0 0 8.03
Table 7 Response surface test design factor level 10 0 0 0 8.03
. 11 —1 0 —1 4.68
coding table
12 0 1 1 6.96
K AR (g/mL)  BEEFEE/% C REERE/h 13 1 1 0 5.74
] 1 10 10 5 14 1 —1 0 5.17
e 15 0 —1 1 5.72
0 e 12 6 16 —1 —1 0 5.67
1 1:20 14 7 17 0 1 —1 5.58
®9 MABENAESVTRBEMHRR
Table 9 Variance analysis and significance test of regression model
5 2 KW Rl g i B ¥ 5 F{H P { W
i 30.10 9 3.33 153.66 <20.000 1 x %
A 0.55 1 0.55 25.16 0.001 5 * %
B 0.25 1 0.25 11.45 0.011 7 *
C 0.67 1 0.67 31.00 0.000 8 * %
AB 0.06 1 0.06 2.77 0.140 2
AC 0.02 1 0.02 0.78 0.406 8
BC 0.74 1 0.74 34.08 0.000 6 * %
2 15.68 1 15.68 722.54 <20.000 1 * %
B? 1.14 1 1.14 52.41 0.000 2 * *
C? 8.64 1 8.64 398.02 <20.000 1 * %
"""" w2 oas 7T oo T
IR AT 0.15 3 0.05 2 530.42 0.258 1
afi 5% 2% 8.00X107° 4 2.00X107°
B 30.16 16

T x B (P<C0.0D); x B (P<0.05),

®10 AHBELBARAEDHE SDF S RHER'
Table 10  Comparison of SDF composition and properties of different substrates prepared by fermentation of Monascus (n=3)

SDF SkiE  $RHUy ik & W] SKI1/(geg ) Fpuhdi/(geg) EHAR W& i / % SDF 5% /%
Vodiars 0.2540.03¢ 2.1040.06% 5.6040.07% 0.5040.01" 8.4340.51° 8.3040.12¢

SR KR 0.7940.04% 1.100.04¢ 4.202£0.08> 0.5840.02¢  12.4040.80% 3.2440.04¢
it 2% 0.734-0.05" 1.3040.06" 2.454-0.05¢ 0.44740.02¢ 2.674-0.49¢ 4.5840.01°

Kk 0.3240.02" 2.96+0.14° 3.30£0.06° 0.2340.01" 5.2040.21° 5.5240.10°

# %k KA 0.42+0.03* 2.2540.05" 3.0040.05" 0.3440.02¢  11.1040.61% 2.7140.05¢

i 95 0.43-+£0.02% 2.114+0.08¢ 2.804+0.04¢ 0.17+0.01¢ 1.9040.12¢ 3.5540.05"

R 0.3040.02° 3.544+0.07* 9.5040.05* 0.3040.03° 6.10+0.30" 5.42+0.06%

B it K 0.44+0.01¢ 2.90+0.06° 6.30+0.01¢ 0.43+0.02¢  13.200.44° 2.52+0.04¢
it 325 0.43740.04* 2.7040.06¢ 8.7040.01" 0.2340.01¢ 2.7040.16¢ 3.2440.04°

T FAB/NG TR [ #0828 5 18 3 (P<C0.05),
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3 gk
KR AT B 3.4811 XA ™ K AT KL 1S
PR A& SERBERTE 7 doB WL 1 15
(g/mL) BEFhit 13%; ZH R WERT IR 6 d AP I 15 15
(g/mL) it 14% ;B0 L BERS ] 6 d RBHREL 1+ 20
(g/mL) EEFpit 14% , 450 T, 20 fh 5 & % 0T B % 42
5 SDF 185, ¢1ih % K W5 - SDF 4l # 47, B A RATFIY
VA B R AR O . 5 HA U vkl & OSDF .BSDF
1 PSDF # Lt . 21 it 85 k B v UL 34 BT 5, w] 73z i T &
rﬁ':]:ﬂkc Jai ] w21 ih B R e 4 SDF B4 75 M 25 7 4
HEATUR A ST . 45 6 21 i 25 1 8 38 13 10 81 42 O s T 5
*5%}1’2THHH§§”§?§EE‘Jﬁl)ﬁs%,\ﬁﬁlﬁlEF'H"JE*LL)EH
AR

5 % Uk
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