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B OB AKRBENGELRPRITIEEER 4% (soluble dietary fiber, SDF) , A% R ZEBay ek b,
1% A o 2 ik AL A2 IR SDF H- 54 3L 32 AL M R &im:ﬂﬂb%f BT o RALSE 69 RAEFR IS AR AR 1:21.40 g/mL,
BRIEIK A 2.11%, #ARETTE 90.71 min, #2IEE 59.30 °C, SDF & K1FE 4 20.21%. F&, SDF &9 KfEH. &
A A e Bk AR A 2 A A 3.48+0.05 g/g. 1.50£0.07 g/g #= 13.22+0.03 mL/g. #5F, £34 RiL 4% SDF LA K S
LA EN, dad ey FRES SDF KA EZEMX. £ SDFKREHN 35 mgmL i, stELAAHA ((OH) .
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Extraction Process Optimization and Functional Analysis of Soluble
Dietary Fiber from Sporisorium reilianum

WEN Yue', YAN Xiaojuan?, ZHANG Haiyue""

(1.School of Chemistry and Life Sciences, Changchun University of Technology, Changchun 130012, China;
2.0ffice, Jilin Fusheng Special Medical Food Co. Ltd., Changchun 130012, China)

Abstract: In this study, the physicochemical properties and antioxidant activity of alkali-extracted soluble dietary fiber
(SDF) extracted from Sporisorium reilianum were investigated. According to the single-factor experiment results, the
extraction process of SDF was optimized by response surface methodology. Response surface analysis results indicated that
the maximum extraction yield of SDF reached up to 20.21% under the optimized conditions with the solid-to-liquid of
1:21.40 g/mL, alkali concentration of 2.11%, alkalinization time of 90.71 min and extraction temperature of 59.30 C.
Meanwhile, the results showed that the water holding capacity, oil holding capacity and swelling capacity of SDF were
3.48+0.05 g/g, 1.50+0.07 g/g and 13.22+0.03 mL/g, respectively. In addition, the experimental results also showed that SDF
had high antioxidant activity and the scavenging rate of free radicals was positively correlated with the concentration of
SDF. The concentration of 3.5 mg/mL scavenged 62.02% -OH, 56.98% DPPH-, and 61.03% O,", respectively. These
results indicated that Sporisorium reilianum was a potential source of natural dietary fiber and a potential functional food
ingredient.
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1o B 2 K PRy T AR YL e BEAEATE AR
JRE, A E AR 20 i RE 2R E IS,
HA R EFROEN . (CEP R g ) Frh g
PN ST = RN e ] 1 2 | (|2 e 1113 B 11 B =X
ARG Z AN E . (BB RT, E NI RS KNG
PR gE SR T RR A YR, ST
T 3 oK LA 7 P A A R £ 4 B HE B A b B
e TR

EEr £ 4 (Dietary Fiber, DF)#iFR 55 -E R E IR
=, HAREACHEIRS . 45 . shTkasEfb . AE e
I A58 USRS A A FRA AR T A2 B 32 6P, AR dE
Ji B 2T 4 0 7 i B, DR Lo Sk mT A MR G B AT 4
(soluble dietary fiber, SDF ) FIANE MG B 47 4k (inso-
luble dietary fiber, IDF) . I FZWF5¢3K ], 5 IDF #H
L, SDF HoA ZLALFIVE R . BERTE BB 71, Rl HAT
S BT E AT R S ARTRENSS GO RE ST, BT AR
B 3t ), PR AR, SR, AT BIR A B 5Ok
T AR B AS T A B S B AN BE T L Tk XT SDF
BT R . BRT, AT e e gepO s O i 2
A HEAME2EIR PRI, S b, A fE O
AR E TR S A, (A S AT 4R I
Wy iz WO,

DI, AR Gl S Bds i H SDF, 8 BN 22 526 ik
Aty 2R FH e 7 TR VA A I R AR T 25, FFX 4K
HEJT. FRMABEST . WEAKAE ST . PHES T3S BE 1 FIbT AR
AR PEATITSE, A T g PR AR
LA
1 MR5E%

1.1 MRS5S

SR EMRAE MU T, K E T
PR 2SR IIT S0 s SR oK KGR . R TR T
(B2 =Wy) . REIL4F . DPPH. Tris. L-PLIR IR
(Vo) s, i3 s BRA ¥l H,0, . NaOH .
FeCly. HC1(fk244l) | AR 2k . — S LR (4bral)

EVgRTR. T AR IR A BRAF KEIm X
AT s oy B = o sl

FD-1A-50 B EAS R UR THRPL Jb AT i R
Hl JA BV RS RSN W] HHA AU i
IRV N REMAR S F]; UVTS500TC £54h0]
WardetEETt LT RS A Fl FW135 BUAEN,
b RO M EERESY/ASSi
1.2 SEWHE
1.2.1 JFCRITALEE 208 GB 5009.88-2014 ik Jy
VX B K BEATTRAL B, WS, B A B
T 60 °C BEFA T 48 h, 545, B3, i3 80 H i
T N SR 435G Wk (60~90 °C R ) FI 85%
ZEFEZIE 1:10 g/mL S rh P2 K AR ST AN AR
B, AL FRSE RS AR TR T 70 °C MU ML, TR
JE AR RSP

1.2.2 =YK SDF fUilg  FREL 5 g MABR IS =

B IR CEE] 1 mg) it A 250 mL 4EFEIR
F BRI EE 1:20 g/mL A 2%(w/v) 1) NaOH %
W W FIREIEHET 60 °C TEIRVKIS AR 90 min.,
RN EERIE, W E =R, L 4000 r/min B0
15 min JFUACEE VS B LIS OIS 25 4 2= IR AR TR
B 2/3, mIHEHANA 4 AR IR ZEEAEZE IR (25 °C)
#E 5 h. LA 6000 r/min 2.0 20 min [FIEHTHEF53
FN 75% ZEERT 95% PAERPEE PRI, 2R THRIFFR
&, G IHEER S2K SDF 155,

SDF{R:3(%) = % % 100 &£ (D
2

o w, & SDF JiitR, g5 w, = R B2 R o
T, g,
1.2.3 FARIZELS
1.2.3.1 KA EEXT SDF 153 AR B 5 B i ik
N 2%, BEETIE] A 90 min, $2EUIEE 60 °C &1
T, AR L (1:10, 1:15, 1:20, 1:25, 1:
30 g/mL) %} SDF 153150 .
1.2.3.2 FRAHREEXT SDF 18 3RAFEW  #fie ki
A1 1:20 g/mL, HAthZ5A4 [F]_LIRAHE], 25584 [F 08k
HeFE(0.5%. 1.0%. 1.5%. 2.0%. 2.5%) X+ SDF 5%
FRISEI]
1.2.3.3 Wdf@HTEIXT SDF 18 3RA5EM Bk He
S 1:20 g/mL, BRI BE Ry 2%, FAD SRR I, 25%%
AIFIREARASTE] (30, 60, 90, 120, 150 min)X{ SDF 15
SEMYFEI
1.2.3.4 $EBUREEXT SDF 18 RAFEN  ZERfFRHTE]
Sl 90 min, BEIRAE N 2%, BHE LN 1:20 g/mL 2%
PR, ZEEAREREE (40, 50, 60, 70, 80 °C) Xt SDF
SR AYFEIR
1.2.4 mapzEpe il ERAP R SCIG AL b, BEPRE
M PRI ZRFL ], LA SDF £5%(%) A v {E, F1J] Design
Expert 12 #£4T Box-Behnken( BBD) i )i [ £ 4k 15
Tho 2 1 5 TR KK

1 WAL Y N R S KR

Table 1 Factors and levels of response surface test

IOV ARRR L (g/mL) BISGBRRE (%) CHfETE] (min) DEEEUEE (C)
-1 1:15 1.5 60 50
0 1:20 2.0 90 60
1 1:25 2.5 120 70

1.2.5 HpfbMESS

1.2.5.1 #F7/KfHE 1 (Water holding capacity, WHC)illl

A S Chen &' (Y IR TR, XT3 52K SDF
HEATRFKBE M E o BUAES (T3, w03 g B F

50 mL B0, AR5 57818 /K (20 mL) FEAHIR &9
TE 25 °C £ F 547 1 he LA 4000 r/min B5.0> 15 min,
RIG R BR IEWOT R R B E R (w,) . SHE(2)

TR HRKER ).
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W, =W,

WHC(g/g) = X (2

1.2.5.2 & JKEE 1 (Swelling capacity, SC)lE =
& Fjab 46U Tk ik, X5 52Kk SDF 179
RKBE I AIIIE . B 0.3 g HH 2K SDF(w,)F 25 mL
A EE A TP D SRR R IR AR (v ), SRS A
HZEMK (10 mLIIBEHS, =R T (25 COFE
24 h IFIC SRR S AR (v,) . ZRE(3)T1H6A
HIg ke T -

Vo=V,

SC(mL/g) = A (3

|
1.2.5.3 Uit /1 (Oil holding capacity, OHC) {ili &

Z: i Wang 2513 (9 TR i, Xt s 5t 42K SDF i
ATHRFIMBE ST I 2 o FRER 0.3 g BEM (T 3L, w) T
50 mL B5.04H, IILA 20 mL R E M IFAE 25 °C 4%
434 1 h, 4000 r/min 25.0> 15 min, £ F K
FEFR W AETR A Y (w,) o S I (4) T3 H R
fef1.

W, — W,

OHC(g/g) = X @)

1

1.2.54 BHETFACHEEIME S8 Chu &M 19 5F
RITEEXTE S 22k SDF 847 BHES 132 e 10 2,
FVEER ., FREL 1 g SDF ££5TF 100 mL Bebrrb, fif
HAZ91T 80 mL HCI ##% (0.01 mol/L) T34 4 C
A T AR e S nE I FHZR IR /K R i e fil
JH 10% AgNO,(w/v) W0 7 208 I H 6D T0E
FEAE (RIS AN E CL), IRSE BT, B 03 g
T B R SR LT 5% NaCl(50 mL) % w b,
0.01 mol/L ) NaOH ¥ 2 pH 24 7, ic'5% NaOH [1Y
THAE R, FHZEM KA FASESe4E .
1.2.6 RSME I
1.2.6.1 I HIIERAEIIE S IBTERAEN
FORTR T 0 mr 3 122 SDF AL [ i L3RR fE
AT AE , FEVEIE . AN R B AR S s T (1.5
2.0, 2.5, 3.0, 3.5 mg/mL) , PBS £& ¥ (2 mmol/L,
pH6.5) . /KAFH R -2, BiE (1.8 mmol/L) # ¥ . FeSO,
(1.8 mmol/L) . H,0,(0.02%) 1 1 mL Z&IEKIHEFT55
IRFURAIIA] . 7E 37 °C FWEE 30 min, 7E 510 nm
AL E TR SCREE, UL Ve AEN BRI, F23k [ i 3
THBRRAIT A (ST
A—(As=A)
o Ay FoRas X RAH IO RE ; Ag FRoNEE
Ah IO s A RN ZEIRKAUE HLO, W EAH [H]
FAF TRES O
1.2.6.2 DPPH HHIIHIRAEIME =4 Yan 55019
Ay B IR DT X T 32 1% K SDF 9 DPPH H i L7515
BESIHEA T, FisfEiE2. ¥ 2 mL 0.1 mmol/L DPPH
FR S I A Z 2 mL AR EEAY SDF i (1.5,

TERR (%) = 00 W G))

2.0.2.5.3.0. 3.5 mg/mL) ¥, {IBEHS)G TER TR
% ECE 30 min, LA 4000 r/min 250> 20 min, BUE: [
THWRTE 517 nm AME W SGCEEAE, LU Ve AE 0 BRPAEXT
8. DPPH H HEIWFERAEETTITE AR ()W

THERE (%) = W %100 X (6)
o Ay FRES P IRALIIOGIE; Ag FhE

RO A RAFESES Ag RIS T H
FA s 0 DPPH S B G

1.2.6.3 HAEMIE TIEREEIINE Sk G
P RTR i X i e 250K SDF B4 RA S B BREE
BEATINAE, FEVEERR . B 1 mL AS[E) MRS AORE Sk
(1.5, 2.0, 2.5, 3.0, 3.5 mg/mL)F 3 mL Tris-HCI1 £%
i (pHS.2), 7E 30 °C FHEH 20 min. RJFINA
3 mL 7 mmol/L HYZBZE =y 52 )% 10 min, HJ5 A
1 mL ¥ HCl Z& 1% . 4000 r/min &5.0> 20 min, HX
W, AE 420 nm PR SCEE, DL Ve VE BHEEXTRE
AT 3 B ERERR R R A A

A= (As—A) x 10

0

THERER %) = 0 XD

o Ay FoRAS X BRLH IO Ay FEoRFE
ThEIOEE; A RoR LASRIB K ARSI = W v W AE
FAEI A T ARSI SERE
1.2.6.4 WRJFERESIME S 5kiHEENS 1 prid )y
BT B oK SDF YL JEAE 1 #E47 I 2, R VRS
Mo B2 mL AR B YA SR MR (1.5 2.0, 2.5,
3.0. 3.5 mg/mL)F 2 mL FYBEAR 2% vh i (0.2 mol/L,
pH6.6) X 1% EREFAET IR T, 4£ 50 °C fERK M T
W 20 min, fRERMESHR )G, SE 2R H 2 =R I
A 10% =& LR 2 mL £ 1B )W . 3000 r/min 5.0
10 min, B 2 mL EVEWS 2 mL ZEM8 /K S & K
1 mg/mL {¥ FeCl,4 VR 0.4 mL 1R2), 1ECE 10 min
FFFE 700 nm FIMEMCEE, DL V. VEABHET RE, 1%
SCRE AR, BE 5L X Fe¥ i JELAE J ks, b fbaE
/S
1.3 IR

A SEEE 2 =R, BUE Lo S EbR 2= 3R
7N, FEAR 22 A AR 2 ) 4 25 25 S8 FH O 25 53T i 71
i, P<0.05 BAFAAE W 3E g% 22 5, (i SPSS 22
F1 Design Expert 12 34 Xt B 48 3 17 50 B, I+ H
Origin Pro 2021 #AfEE o
2 HBRESH
2.1 BERIWHER
2.1.1 BT SDF 43052 Liss 52Kk SDF
PR bR, AT AN 2 900 DA PR SR A 1]
AU . WK 1 B, SDF 75955250 EL rg 38
SIS b kA, B LS 1:10 g/mL
A, A5 3BATR T RE AR B1 Dy vy 3 2 AH R 5 2 AR (B
WOIRG AT, FEORR AR T KR,
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#5230 SDF 158418, MR L 1:10 g/mL A8
B2 1:20 g/mL 5}, SDF 15558 | Fhla, 1R L
i 1:20 g/mL BHEAEERE, HARA 20.21%+0.14%,
1= T3k [20] PEAHTRDARRRA LU A4 T 38 B AEL ) B2 A
BL SDF 1938(13.33%) . 2R, 2R LM 1:20 g/mL
AEALE 1:30 g/mL B, SDF 1558 TR, X
AT HEE i TR R AR L S B P A i PR AN S 1R
VAR Z TRT R B 2 S e, DTRG0 A
B RS A e RN o1 1 (T = R 213 (U P T o
20 g/mL EAERENR L

257
_20¢

s

ﬁlsf ;

123

o

wn

1:30

1:15 1:20 1:25
BREHE (g/mL)
Bl 1 RHRECXGT SDF £33 (15200
Effect of feed to liquid ratio on the yield of SDF

1:10

Fig.1

2.1.2 B HEXT SDF 18R py5gm  nlE 2 IR,
SEUGFEEE T S BN EEAE 0.5%~2.5% YEEIPXT SDF
1RO . 2P M 0.5% ZE1L 2 2.0% A,
A5 B A DR AR R A B i s i ik Bl KB . %
BRG H B4 I L AT R i 5 Wl e B ) B, X414k
RN 2 Y 2 18] 1) U PR g i P, P A
SDF it s AR i N . S0 M 2.0%
EAELE 2.5% B, SDF #3305 N REkadh . XTI REE
BRI BE ik v, PR SDF M5y T-4h4e, fdi iy
NS TR T 20 SDF 193 R . DRIk, Bk
BEA 2.0% JEASUR S A i 2514

25
20

I5r

SDFF5% (%)

10 r

0.5 1.0 1.5 2.0 2.5
TRORREZ (%)
P2 BRICHR BEXT SDF 19381 52
Fig.2 Effect of lye concentration on the yield of SDF

2.1.3 WlfRETIE] X SDF 15 R A WF s 2K,
SDF [ H 75 2 — 2 (A Hdi Ak B ], AR sz i (R 2k
£, AIRE S BRI o AR . Rk, DR (]
RN SDF 43R AR B, AN 3 iR, g
A IE] AN 30 min Z8 4L 2 90 min A, 1538 M 13.68%=

0.69% ZETHGANE] 20.19%+0.43%., SR, TaifEHsf ]
M 90 min ZE4LZE 150 min B, 13RI T RE. X ATHE
SE B AR A BT A] 4 E IR T SDF 4544, fHiH 53
fi#t Ry /NGy T AN BE ST A DT E eI R, E T SDF
ARy I, 90 min JEHEHL SDF A4 foidk T i
B TE] o

257
201

15

SDFf$% (%)

10 1

3I0 6‘0 9;0 1‘20 1:50
BN TE] (min)
&3 DR EIX SDF 53 A5 00
Fig.3 Effect of alkaline digestion time on the yield of SDF

2.1.4 REUEEXT SDF 18Ry m  nE 4 iR,
MR IGEE M 40 °C FHE#] 60 C B, SDF 1538 A
14.13%+0.46% ZEHEINE] 20.21%+0.36% ., X 1] HE
e FH IR EE B IR i TR i sl R B ) A
JRASCRP), PR 15 SDF 793480, SR 24152 M
60 °C J}i5 A 80 °C i, SDF F8ZEIM 20.21%+0.36%
REZ 18.11%+0.51%. XA HEZH T =i 534 SDF
TRATASPERT S, R, S T 2R IE A& SDF 14
K, PEPE 60 °C Jy SDF HfE12BURE .

257

4l0 56 6I0 7l0 8‘0
PEWGRLEE (°C)
K4 $RBUREXT SDF 1431500
Fig.4 Effect of extraction temperature on the yield of SDF
22 MR EIRELESRE ST
2.2.1 Box-Behnken G450 78 5 R Z S50 LA
b, BEFEBRR L (A | BRI EE (B) | BBt HsfE] (C) A
LR B (D) ##47 Box-Behnken i B4 11, 45 9 Un
2 R,
2.2.2 KA N RS A Design Ex-
pert 12 Xf EFRBAIEATTT 220087, 4R AN 3 Fros.
IR AUAE 2R, 193] T SDF #3311 2 Wi [a] 14 J7
2 : Y=20.19+0.16A+0.26B—0.03C—0.03D+0.17AB+
0.14AC—0.05AD+0.12BC—0.17BD+0.07CD—1.36 A*—
0.75B°~0.59C~0.56D°, 3 B #%- X 3 %} SDF 13311
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%2 Box-Behnken SZ¥R BETT4E R
Table 2 Table of results of Box-Behnken experimental design

RS ARMRIL BRI Calge Diiome D0
1 1 1 0 0 19.65+0.32
2 0 1 0 -1 19.47+0.28
3 0 0 -1 1 18.98+0.25
4 -1 0 -1 0 19.41+0.37
5 1 0 0 1 19.39+0.49
6 0 0 0 0 20.15+0.11
7 1 0 -1 0 19.29+0.47
8 -1 0 0 1 19.0120.35
9 0 -1 1 0 18.37+0.33
10 1 0 1 0 19.48+0.39
11 0 0 0 0 20.11£0.15
12 1 -1 0 0 18.82+0.12
13 -1 -1 0 0 18.85+0.69
14 -1 0 1 0 19.03+0.53
15 -1 0 0 -1 18.91+0.87
16 0 0 1 1 19.09+0.43
17 0 -1 -1 0 18.69+0.58
18 0 0 -1 -1 19.12+0.29
19 -1 1 0 0 19.0120.38
20 0 1 0 1 18.96+0.68
21 0 0 0 0 20.27+0.04
22 0 -1 0 1 18.76+0.43
23 1 0 0 -1 19.49+0.41
24 0 0 1 -1 18.97+0.45
25 0 1 1 0 19.11+0.47
26 0 0 0 0 20.21+0.05
27 0 1 -1 0 18.95+0.54
28 0 0 0 0 20.20+0.06
29 0 -1 0 -1 18.58+0.15

#3 MR
Table 3  Analysis of variance table
FEKE  FHM o AmE ¥y FE PlEH WEM
AT 7.41 14 0.5294 4725  <0.0001 ok
ABRELL  0.3008 1 0.3008 26.85  0.0001 *E

BIIRHE  0.7905 1 0.7905  70.57  <0.0001 *E

CHfEntE  0.0127 1 0.0127 1.13  0.3055

DREGEE  0.0102 1 0.0102 09112  0.356

AB 0.1122 1 0.1122  10.02  0.0069 o
AC 0.0812 1 0.0812 725  0.0175 *
AD 0.01 1 0.01  0.8926 0.3608
BC 0.0576 1 0.0576  5.14  0.0397 *
BD 0.119 1 0.119  10.62  0.0057 o
CD 0.0169 1 0.0169 1.51  0.239
A? 0.8379 1 0.8379  74.8  <0.0001 o
B2 3.64 1 3.64 32519 <0.0001 ok
c 226 1 226 202.01 <0.0001 o
D? 2.04 1 2.04 182.01 <0.0001 ok
B2 0.1568 14 0.0112
AL 0.142 10 0.0142 3.82  0.1043 AEFH
gl 0.0149 4 0.0037
B 7.57 28
R 0.9793
Ry 0.9586
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