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M, ARNBTEEN. BFRET M. X EITH AL R ot T 3% 20 50 835403 TBP-IDF 4= SPI-IDF 49 254
2 Rt ATt @ mE oK, IR, Hib AR B4 A2 BB R M4k /), *F TBP-IDF #= SPI-IDF 6952 4L
REFHATHOHN. BREAYW, BAREHNLIFRZERBIEARK T RALA 22:1, &KFEEE 59 C. KL+
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Comparison in the Structure and Physicochemical Properties
of Soybean Dregs Insoluble Dietary Fiber
from Different Sources

ZHAO Chenhao', LIU Wenhao®, LIBo', WANG Sainan’*, YU Hansong>", YU Wei"’

(1.Department of Gastrointestinal Colorectal Surgery, China-Japan Union Hospital of Jilin University,
Changchun 130033, China;
2.College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: This study aimed to prepare soybean dregs insoluble dietary fiber generated from the processing of traditional
soybean products (TBP-IDF) and to compare the differences in structure and physicochemical properties between it and
insoluble dietary fiber prepared from soybean protein isolate processing by-products (SPI-IDF). The optimal degreasing
process of soybean dregs was optimized by single-factor experiments and response surface methodology. TBP-IDF was
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prepared by a complex enzymatic method and its basic components and fractions were determined. The structural differences
between TBP-IDF and SPI-IDF were compared using ion chromatography, scanning electron microscopy, X-ray diffraction,
and Fourier transform infrared spectroscopy. Differences in the physicochemical properties of TBP-IDF and SPI-IDF were
analyzed by determining water-holding capacity, swelling capacity, oil-holding capacity, glucose-absorption capacity, and
cholesterol-adsorption capacity. The results showed that the optimal defatting process parameters for traditional soybean dregs
were as follows: liquid-to-feed ratio of 22: 1, treatment temperature of 59 °C, and treatment time of 70 min, under which the
defatting rate of soybean dregs reached 90.13%. The content of TBP-IDF was up to 83.23%, with 29.3% cellulose, 53.5%
hemicellulose, and 17.2% lignin. Compared with SPI-IDF, there were significant differences in the composition of the
monosaccharides of TBP-IDF, with significantly increased glucose content (P<0.05), but the advanced structure was similar.
The water-holding capacity (9.53 g/g) and swelling capacity (5.20 mL/g) of TBP-IDF were significantly higher than SPI-IDF
(7.73 g/g, 430 mL/g) (P<0.05), while the oil-holding capacity (6.22 g/g) was significantly lower than SPI-IDF (7.95 g/g)
(P<0.05). The adsorption capacity of both for glucose and cholesterol increased with the increase of substrate concentration,
and there was no significant difference (P>0.05). This study demonstrated that TBP-IDF had similar potential physiological
activities with SPI-IDF, which could potentially be used as a functional food ingredient for assisting glycolipid metabolism,
and expanded the sources and ways of preparing soybean insoluble dietary fiber.

Key words: soybean processing by-products; insoluble dietary fiber; potential functionality; complex enzymatic method;

glycolipid metabolism
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PEm, IRE B 2 2 AE . N0 & 47 4 (Dietary
fiber, DF )X B 5 3t B E SR, B A BT EAE |
OISR . BRI A PSR A XS T mt s AT
e St B R E ) A A KB X TR B s R EE v . TR
DAHL, FRE KA AL (WHO/FAO) FIRIHHEL b
242 R (EFSA) HEXF RE 4T 4Ed A KE M 25 g/d. 2R
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Jt . MELMEAAE S . P FHZREAIR, 1 T T E B
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1 DF | 35 1 5 S S 3 AR S e At A R i
Py, JUHIE RS S B L IR R DF, il 4
T T W) Y 50%~60%, H: H R 9 P RS £ 4T 4
(Insoluble dietary fiber, IDF) (5 DF & & 1Y 90% LA
BB SRR AR S BAASAIRER, nT/EA IDF 1 R 4f
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A IR i (EARR ) SRR

PAGZH BT AR 43 28 8 1 Tl Ak AE =i sl =
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EALETAFE R 22 . MOARIFST 3L TRIIZERE, 10
AL g G il i S R T 2280 IR E Sk
i £ AS 5 M RS & 41 4E (TBP-IDF) , %) tb H: 55 SPI-
IDF 7E45 A8 Rt AN B A et 55 7 TR 1 25 5%, B FEE
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GG S G A IR S B G G T2
FIEAAR, RIRUANR : $ERT— MR R IR UIAE 5 A%
R zlg Kb, I HEBGH A S A% EK BESE, 120
H 2041 3% K, RIFSL G0 ) i 5, 65~80 °C Mk
T a8 R4 B I BB G B 4T 4E (SPI-IDF ) %
RERUBIZH ik U0 R T A IE CUVE . DKERTR . SE AR
B AT al, Ak T A R BT |l kR
(60000 U/g) . =l o-TEH (40000 U/g) . JEHY
2 PEEFE(100000 U/g) . AVERUE S . 22U bRAE
i BRUESEWEAR MR S | A AR L AR AR T A
HERBEARUES, © BUHAFBEARE S, | 2 ZLAH IR b v
0 APPSR AR AE S, | HE SRS . IERR AR
o bR RS ERHEE IR A HL.

GDE i 71X & K F| VELP 4% ] 5 ME5S4E/
204E 4347 X5F-. DELTA 320 0% pH it #H45a4-
FER A (1) A BR2A F]; Sigma 3K 15 & 3R TR
Bl € Sigma A Fl; SHB-TI G /K22 FH EL
G ERPHEIREL T8 B2 wl; DHG-9036A 373X
FERVE R S R TRAE R 22 Se 0 S (R A BR
2\ wl; KDN-08B PLECE ZAY MR IAR A R A
SU8020 4T F i  H Z< Hitachi 2\ F]; Smart
Lab X-B£RfiT 511X  H A< Rigaku 2\ & ; IRTracer-
100 B AR 2T AR GHE{. H 4S Shimadzu 2\ A
ICS 5000 BF{0i%{% 32 Thermo Fisher 22 F] .
1.2 L7
1.2.1 (&gl G iAE T 2 2 N FE s
1.2.1.1 R Ee ot 38 NG SR 52 Ok A AR B
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25:1. 30:1 I AIEC%E, TRABIRE & 50 C, 7E
90 r/min £ FIRY% 70 min J5 B, g, TS,
I E AR EL ] B A 5 A2
1.2.1.2  JBARVREEXT S AR R s RS M FREL
10.00 g 578 5 7, YWLAWCRFEE 2001 JIMAIE R, i
AE IR B 43 5 % B 30, 40, 50, 60, 70°C, 7E 90 r/
min 557 PR 70 min JEEUE, 338, TS, 2
S [T A5 B X s IS 3R A S )
1.2.1.3  JBNgAETEIXT SE MG R A2 S FREL
10.00 g T2 5 55, WLAWOEL L 20: 1 INATE S %, i
AR IE] 43 A5 B A7 50, 60, 70, 80. 90 min, HiAEIE
FEVE N 50 °C, 7E 90 r/min £5F YRS IS BUL, Hl
U8, TR, DU ARG I a0 S S R A2
1.2.2 ma ) EREG BT AR R ZR S AE R, i
S LA NG F I 3 A PR 2R i dne AR B e L R
Design-Expert. V13 3, Pt i S, DA S
B NAE, DAVROR L . RGBS ] =35
R AL T (3R 1), BRI AL RXHILAG 25210 1)
S A R BN R A

1 WE T R R AR

Table 1 Factor and level of response surface test

IKF- AR BREARHEE (C) CIBLAIN ] (min)
-1 15:1 50 60
0 20:1 60 70
1 25:1 70 80

1.2.3 g NSRS A il AR
H T AT R, HL 5 g BB T 1000 mL 4T
HE, PRI 250 mL 7R /KSR FES S, BEIIA
500 pL #FRE a-FEMTHFIR (500 U/g), ZiEDiTE, iR
25 F4R%E, BT 95~100 °C 1HIRIRS /K IAFE hiss:
YREE, /KIS IREEIRE] 95 °C TR, S Riistla) Sk
35 min. ZRJERHHEIEIRBUT, B EIZE 60 °C, FTIFTHE
a5, FHEIA TR MG TR Y BE 0 BRI T,
FHA KA TP BRI, . B a-DEAS RS AR
WET 60 °C 7K, MBI InA 1.5 mL 851
BEA R (300 U/g), I 35 E4RSE, JFaaTst, sk
YRFF: 30 min, S S8 S FT GRS, — it —
AN 50 mL. 3 mol/mL Z. 2R , ¥4 13 PR &
F IR EE A3 7E 60 °C, A 6 mol/L NaOH &% 6 mol/L
HCl 7EW VA IR pH & 4.50+0.02, JU$REhn
A 2 mL JEA T AR A (200 U/g), @5 ARTH,
LT 60 C RKIBFEHREELYEFE, IV 30 min, [iff#
SERUE , INATRAFHY 70 °C BIZEMK, HFE 1.5~
2.0 h, fFFIHE W B, 3500 r/min &5.0> 10 min, $RJ)5
PEATEEDT, Whuk, 45 20, TR, SRAHE g otk
ANEEPEREE LT 4E(TBP-IDF) .

1.2.4 FEahpsrE BT E AR S %R GB
5009.5-2016 B &hZe 4 ESpRiE & it - g
REDH T I E s BB T & I IR GB 5009.6-2016

CE A E ZEARUE B P AR I Az ) b i 75 )
S5 RS SR IR GB 5009.4-2016 v 4 [ 52bR
HE B RS I 2 ) i 7 I RE 5 K A3 F
& GB 5009.3-2016 & fh L EFhnmE &K
I R ) HR 08 T v RE s R B AT 4E S E i I GB
5009.88-2023K B i & A E K hn i B PG E A4
PRI Y A 7 I o
1.2.5 ZH43IE  F B8 Teramoto S5MY [ 7 v R Ak
K, XTEFYESR | CRATFAER IR & e T,
FLAARDIE TR .
1251 &R EMNNE MHIKE 025 ¢
TBP-IDF Fll SPI-IDF 43-5IETF 50 mL B0V, FREL
0.2 g NaClO AR, FIA 6% BEFRAR 15 mL,
T, #E 75 C HBIRF /KB Y 60 min, HL
1 mL PYERPKE 52 B7 Js AR S e — X, P 1 mL
AlKPEE =R . YERIERIERIE 80 °C MLT, FREHD K
SLFYEER N
1.2.5.2 £F4ERSEMAME PRI T /51 2f 4
# 0.1 g BT 50 mL &.004H, If A 17.5% NaOH
¥ 10 mL, 7£ 20 °C [HE IR /KB H 100 r/min
PR I 40 min. W JEHIA 2.5 mL B2k,
5 min, i3 7%, JH 4 mL 10% P58 %5 e e 4 vk v, -
JFH 100 mL M /K BESZ IR YW )E B9 5RE 80 C
WET, FRERIMLFAER N & . PerdE & iy 24k
1.2.53 ARFEHERSEMME  FREL 0.1 g 1) TBP-IDF
F1 SPI-IDF 435l & FHEE -, A 72% H,SO, #
W 1.5 mL, #£ 20 °C BRI /K EH B 4 h, il
A 56 mL #BEliKARELYRG IR 4 h, 1398, FRIEFHEE
IKVBEHZ IR, B KRS . BEEG 5REE 80 °C 4t
TIFRE .
1.2.6 NHEVEREELYESSHFRAE
1.2.6.1 HUPHZH ST HT AT ARG 85 R HE i Bk i
5 mg B TBP-IDF Fll SPI-IDF, # 4 5 i T 2 #iH
Fr, [APEARIIA 2 mL TFA(3 mol/L), #RJ57E 120 °C
FAF T KA 3 he WIBUKR S IFRRR 245, JFHEA
RRT o R IIA S mL UK, IRE], SR)5 B
HREAE 50 pL, MR F A ZLB 7K 950 pL, &0
(12000 r/min, 5 min) . B _EV&EHESF A 01T .

@, §i% #+ . Dionex CarbopacTM PA20( 3x
150 mm); #i s #H: A: H,0; B: 15 mmol/L NaOHC
(15 mmol/L NaOH #F1 100 mmol/L NaOAc); ¥t i :
0.3 mL/min; #EE: 5 uL; A:9&: 30 °C,
1.2.6.2 HFMBEFEBMEESPT B 1 mg B EE A
FERL S, XTRE SR T8E 42, FIIFH SU8B020 M g 7F
5 kV TAEHJE M4 F X TBP-IDF 5 SPI-IDF J5ikr
TESHBEATIEZ(1000%) o
1.2.6.3 XSt =% Ma & Y5k, &
Mk, il Rigaku Smart Lab Y X-S2&Ai7 94X e
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H Cu-Ka H1£k(1=0.154 nm) IF-FEEE 40 kV FHIALGT
HL % 30 mA 4514 F %} TBP-IDF #1 SPI-IDF 47 &t
REEFGSIHT . MHERFAE 20 S 5°~70°, 2B 0.05°, 44
FEEEE 4°/min. G55
Ac

Ac + Aa

FH: De: 5505 (%); Ac: 451X Aa: AEEERIX.
1.2.6.4 fHEMARHLLAN GRS HT  FESFRE 1 mg
TBP-IDF F1 SPI-IDF, 5 200 mg KBr &3R8 2J, #f
BE R, A IRTracer-100 B B H-2T MG 3% U AR
FEIEFAFE P BL B N 4000~400 cm™ 4 64 1K, 6
FESTHEE R 4 cm™ .
1.2.7 AP
1.2.7.1 Fp7KMHE 2% Dong 551" Jrik, id B0,
% TBP-IDF Fl SPI-IDF Hyf57K M. B S2 50 mL
BRI 0.5 g B9 TBP-IDF #1 SPI-IDF, 43
HIIA 25 mL PIZEIRK, IRS), EIR&AMF FiE 24 h
J5 E5.0>(4000 r/min, 15 min), 3¢ L. THEAUNT:

= (2

Dc (%) = x100 = (D

W,-W
WHC(g/g) = 2W 1
1

o WHC: Rk PE(g/g); W B AR S5
(g)s Wy BRI TR (g) o
1.2.7.2 fpilitE 2% Qiao S5 BT EE, 1 2B 04,
MiE TBP-IDF 5 SPI-IDF FYHFPE. BUH 2 50 mL
BB 0.5 g 1) TBP-IDF £l SPI-IDF, -5y
BPMA 25 mL MR E M, B4, ERAMF TEE 24 h
J& B5.0>(4000 r/min, 15 min), #F Ei&. AT

A (3

W,-W
OHC(g/g) = zw '
1

X H: OHC: Rtk (g/g)s W AR R & (g);
W, BLO ERERFERL BT (g) -
1.2.7.3 @kttt =% Gouw FU" Yk, i &
g, %€ TBP-IDF #1 SPI-IDF A Kk PE ., HX 0.5 g
) TBP-IDF Fll SPI-IDF 43 %t A 25 mL Fe &%,
BRI SRR Vo, I 20 mL 28K . ks
S, WIRAIF R HEE 24 ho SR IC TR S A IK
JERAERL, AR
Vz\;/v‘ X @)

o SWe K (mL/g) s Vi FERAFI (mL) ;
V,: FESRE IS AR (mL); W BES R (2) .
1.2.7.4 EFEWITEES) =% Chau U9 Y7L,
WM., B 1 g B9 TBP-IDF # SPI-IDF 43 %0
A 50, 100, 150, 200, 250 mmol/L [ 4§ %5 B 15 WK
10 mL, 37 °C 7K# 6 h, 4500 r/min 5.0> 10 min, B
IR A R S I, TR AU

—(C‘_E/E)XV X (5)

rr: GAC: #ZHEfGE /) (mmol/g); C =

SW(mL/g) =

GAC(mmol/g) =

T 5 28] M MR B (mmol/L) 5 C,: W [ 5 45 285 M e )38
(mmol/L); V: _EyFHWAARFR(L); M: FEm B E (g) o
1.2.7.5 JHEELHIFREST =% Yang U7 Ik,
i MAE I, HERR PR R AR B R BUS FE IR 109 iy Lk
TN AZEWEAK, EFE 5] . HEFIFREL 1 g 1Y TBP-IDF
1 SPI-IDF 45 AP HETRE I, 4330 25 g 1Y
FIREEWIR S, VEY pH N 2.0 F1 7.0, 7E 37 °C 1Y
AT KU 2 h Jim 8505 (4000 r/min, 20 min) . W2 EX
B3 0.02 mL, 43 BIHIA 0.38 mL vKZ. &, 1.5 mL
SRR I 1.0 mL ¥eBRIR, 7EU K 550 nm KA
I SR

JIEL ] P A o iR 2R 7 B R - Y=1.9287X+0.0115
(R?=0.9975) .,

B [ MR ST A=A

CAC(mg/g) = Mll\;[Mz 2 (6)

Hr: CAC: IH[EEERZ R EE ST (mg/g); M BT
LB I TR (mg) s M,: WeRRE 3w b Ae
R EEAY B B (mg) s M: BEAEIB R (2) o
1.2.7.6 NHFRENUIMNEET] =75 Qiao 5™ T EIT
MVEMED ., HEMFREL 0.2 ¢ 19 TBP-IDF Fi SPI-IDF
FTATHEETE S, S 2 mg/mL AT 3 mg/
mL [ I B2 40 37 % (pH7.0) 43 31 a0 40 50 b oim A
100 mL, Bt #E35) o FE4IB IR R 37 °C fHIE/KTE
YRz #s I IRYES 2 h /5350, (4000 r/min, 20 min),
W R 1 mL T4, A oA 45% myk
iR 6 mL, F-HIA 0.3% AURBERE 1| mL, 1RS) . 1E
65 °C Y5 /K 30 min, BB E . TEIHK
620 nm F&AF N e WO

RETR 4 bR HE 1l 28 J7 B2 oA - Y=1.6142X-0.0245
(R?>=0.9983).,

REFRAN BFHEE J 13 AU T
M, -M,

M

b SAC: IHERENIZ I EE 77 (mg/g); M= I FFHRT
VP ARIREN A BT (me ) s M,: IS V8RR
FNE BT R (mg) s M: BB = (g) o
1.3 #IEAIE

A SCEGE S =R, 4RI LS ER 2
(Means£SD)Z755, 2% SPSS 19.0 #4750 08, SF
PR ) i 25 Sl O B R 2R T 25 508, P<0.05 Dl ik
225 5 SR FH OriginPro 2017 C64Bit #E474b 34 Fi
TEE,

2 BERS5HH

2.1 BRERSWERSH

2.1.1 WREEXTHARASRATR R WA 1 FoR, BEE R
BRI TR, RS ZR A AN W, RS
FEs I or B AE" ), e R B0 T Ea 3R,
BLEESA 2001 B, SEENARRBRTL, /e a2
SPGRIRES, AT S G 84.43% . HIEFIWK

SAC(mg/g) = X (D
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Fig.3 Effect of defatting time on degreasing rate of okara
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FIJH Design-Expert. V13 Z A4 % i o7 17 32 96; A
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RAE, WL . BRI . MR R [A] =301 K 32 25 4%
B F, 8 B0 G2 U 4 H S e A 73y, e 17 41,
A E G EAE 3 U, A ARG T A g SR A [E]
VAR B Jy 28 53 AT R AN 2 Fisk 3 .
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Table 2 Design and results of response surface test

WS AWCEHE  BBUIRIREE(C)  CHUIERTI (min)  JBEAEHR (%)

1 15:1 50 70 78.82
2 25:1 50 70 85.12
3 15:1 70 70 75.35
4 25:1 70 70 83.35
5 15:1 60 60 81.03
6 25:1 60 60 87.89
7 15:1 60 80 82.15
8 25:1 60 80 90.15
9 20:1 50 60 84.28
10 20:1 70 60 83.05
11 20:1 50 80 86.63
12 20:1 70 80 83.24
13 20:1 60 70 90.94
14 20:1 60 70 90.68
15 20:1 60 70 90.03
16 20:1 60 70 89.96
17 20:1 60 70 90.42
3 IERRL T 2500
Table 3  Analysis of variance of regression model
JrEKE P AmE B FlE Pl WEME
A 344.98 9 3833  306.24 <0.0001 *x
A 106.29 1 106.29  849.17 <0.0001 **
B 12.15 1 12.15 97.09  <0.0001 **
C 4.38 1 438 35.00 0.0006 **
AB 0.7225 1 07225 577 0.0473 *
AC 0.3249 1 0.3249 2.60 0.1512
BC 1.17 1 1.17 9.32 0.0185 *
A’ 80.43 1 80.43 64255 <0.0001 **
B’ 121.67 1 121.67 972.04 <0.0001 **
c? 2.25 1 2.25 17.95 0.0039 **
B2z 0.8762 7 0.1252

KT 0.1754 3 0.0585 0.3338  0.8029
1 * U B 3E (P<0.05); *+ Uil 35 (P<0.01) .

ik Design-Expert {4, %} 2 MysLEG 45 St
TTHIE ST, RS T WM SR G5 (Y ) X Hck
(A) . ARIEE (B) . BilgRTEl (C) A = W Hid
Ty FR:

Y=90.41+3.65A—1.23B+0.74C+0.425AB+0.285
AC—0.54BC—4.37A>—5.38B%—0.7305C>

FH 7 224340 R R Wi 7 T [T USASERY S AR 5 2Bk,
S I P=0.8029>0.0001, A i 3, 15d HH 32006 AL il
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Fig.4 3D Diagram of the interaction of influencing factors

2.3 UEIESCEE

AR ) 7 T 56 [l U= A R T 445 381 B A A TS 2%
4 WL SR 22.01 01, RABTREE N 59.60 °C, WA
[8]2A7 70.61 min, FEMLSAF T AL 50 il i it BRI

§RIRE] 91.25%,, RBIEIITBRFM, S5AHEIE N

WORHEG A 2201, BEAB IR E R 59 °C W AR B ] Ay
70 min, FEMIALRAF FHEAT 3 COPA T35, 15 804%
45 L S AR 90.13%+1.13%, 51658
il i S B R R AHZELE 5% YN, UESE T 3
VAR AN SE S B 2 [R] 1Y) R A AH O
2.4 BRSO

{55 G\ 5L A TBP-IDF (4RS5BT N 4
BT, A S i 5L R IDF 86N 67.69%. Pk

i, # R IDF & 52 46%~56%"", Frig Rk
I S 41.88%2, WAL Bt i i L T A S A
IDF BLBRIR . FEUbIEAN L, ATt &2 Ak
#ill & TBP-IDF, IDF & & i 3 2+ (P<0.05), ik
83.23%. Chen %5 R HE & Hi§ 155053 A/ INZE FIZE
ZZ & HL IDF, H: 4l 52 53 51 2 80.69% Fll 74.08%
AT UL, ASHFSEHI£5 1 TBP-IDF &840, XA F)
T2 X HA M | B IR % D REA T E AR A TR
AT o
25 BERAHKES DN

TBP-IDF FI SPI-IDF [ #H 53113 5 ffizs, TBP-
IDF M£F4E 2 &5 B3 & T SPI-IDF(P<0.05), i}
LY 5B BT SPI-IDF(P<0.05), X2 H T1%
4t o T R AT A O SRR SR S R AR
FTLIH AT 4R S aBRm.
2.6 LEMIFRAESTHT
2.6.1 FAMHLARSTAT dEIEER 6 ML ML ] A0, TBP-
IDF 7K fitt S48 1 43 v, 2 ZLBE 5 B2 B 51 (38.53%+
0.75%), YR R BT A8 (21.71%+0.86% ) . ] %5 1
(15.12%=0.73%) . AH¥H(7.92%+0.92%) %, 5 SPI-
IDF #HLl, TBP-IDF R0 H AN [F] %) BB 2H ke, 322
RS AR O Y 3 T (P<0.05) o IFSEER I,
T AIE TR P AR A RE T AR YE R KRR, R
WHgE b, AL G T AN Tod 2 b LT AR 3T i iz
A, W B AR U A 7 I FE 2 B, 33Ul R S R 2
LT 4E MM BB TE T TBP-IDF i, BRI 20y
TEPBE S RAIEIN . X —WIREE 2= R A T RESs
TR A RS R B R 22 5 . R4,
Qi %) IR LN . FIRLABEAIAKESR R T2 2T 4k
AT, X UL A 4l = L4 2 J& TBP-IDF 9 £
PGy, G IEARLH 3 E Y45 TR — 3
2.6.2 HIGHEEE/HF  TBP-IDF 5 SPI-IDF 9393
FgRZE R anEl 5 P, ANEIH AT LUE 1, TBP-IDF Fl

F 4 GO TBP-IDF AYFERT AL
Table 4 Basic ingredients of okara and TBP-IDF

R TDF(%) IDF (%) SDF (%) EAB (%) N8 (%) K53 (%) Ko (%)
fE5E 5 69.32+0.89° 67.69+0.68° 1.63+0.20" 10.82+0.28° 9.55+0.32° 7.05+0.43° 2.26+0.25°
TBP-IDF 84.47+0.69" 83.23+0.78" 1.24+0.22° 7.37+0.24° 0.96+0.27° 4.05+0.39° 2.15+0.29°

[E: TDFfUR BUE R4k, IDFUFAIE IR 474k, SDFUERANAMERE e 4E, [ 5] AR/ NG PR R A 22 R M 835 (P<0.05), R5~3RT1A

%5 TBP-IDF F1 SPI-IDF fy414)
Table 5 Components of TBP-IDF and SPI-IDF

R YR (%) LR (%) RIFE (%)

TBP-IDF 29.3+0.76 53.540.81° 17.240.85°

SPI-IDF 13.4+0.79" 70.2+0.87° 16.4+0.72°

% 6 TBP-IDF FI SPI-IDF Hul4H i
Table 6 Monosaccharide composition of TBP-IDF and SPI-IDF
FE LM (%) BTRAARE (%) AR (%) KM% REEN(%)  HER(%)  AER(%)  EFUREERR (%) FEFEEERR (%)

TBP-IDF  38.53+0.75*  21.71+0.86°  15.12+0.73° 7.92+0.92°  2.88+0.88°  1.324+0.72°  2.71+0.65° 8.17+0.75° 1.64+0.88"
SPI-IDF ~ 47.00+0.69°  22.40+0.82°  2.30+0.77°  6.40+0.81°  3.20£0.93*  1.00+0.68°  1.50+0.85" 15.80£0.79" 0.40+0.93°
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Fig.5 Scanning electron microscopy of TBP-IDF
and SPI-IDF
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Fig.6 X-ray diffraction spectrum of TBP-IDF and SPI-IDF

2.6.4 fHHEMARLT SN ST TBP-IDF 5 SPI-
IDF {& BLH£L 4 CIg S5 R an &l 7 R, 76 3337 ecm™
Kb W RIS F AT 4R R AL 4E R 1 O-H i
B, 2927 em™! &b I IK G SR H T 2 HE Sy
T H L | C-H i fhigadsl, R0 6 9 i
HUZEFGC; 1741 em™ bR ISOIG R SR AEZR 1) £ Tk
b ER L C=0 Fr i 45 -0, 328 TBP-IDF #1
SPI-IDF & A IR IE . 1627 ecm ™' W ilfgige )= B
TR ZUBERER R FRTE FIu R L. 1531 ecm™ 4b
PR IR IACUAE SR AR 5T 3R P I T I B 05 A e C-H LR 3))

MR, 1247 em™' BARTTFE L P p iR sh i g4
R, 1051 om™" &b 18 Wz A gs S e £ A 2 ik 4 (C-O-
C) AYHFIFIERY . TBP-IDF 5 SPI-IDF W 8UA & JCHA
ARk H R EAT Z BRI A

TBP-IDF

SPI-IDF

B (%)

v
174111531 |
1627 1247

3337

1051
4000 3500 3000 2500 2000 1500 1000 500
WAL (em™)

{7 TBP-IDF il SPI-IDF i LM A5 4T M3 4]
Fig.7 Fourier transform infrared spectra of TBP-IDF

and SPI-IDF

2.7 BUMRSH

2.7.1 KM i FRE Bk M 438 TBP-1DF,
SPI-IDF M 47K M . BRev P R ik an e 7 Fros .
TBP-IDF (357K PE R I P .25 = T SPI-IDF(P<
0.05), TMiFFiHPE 2 KT SPI-IDF(P<0.05) . Lopez
S I E S AT LR AR PR R AR A 1 T2 2
R SR ELAYE R ERA G, X SROWESH Mg
455 — 3%, TBP-IDF MY & Rk vk 5 Ak M 2 i F
TBP-IDF R EFREK, ¥Ehn T /K5 F 3R E 5K 77,
AT R, SR AR SRR . EAh,
TBP-IDF i 4 )5 &% 1= = T SPI-IDF, ‘2K gk
JIXEIN . R BRI A] B AT 4E S Ll g
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BRI, 2R (-COCH,, T4k 4 IE B HERD FnH
A FL(-OCH,, AT E RERT) 253 H LRI S
ESOEE

7 TBP-IDF il SPI-IDF (57K M | Fii i S ik v
Table 7 Water-holding, oil-holding, and swelling capacity
of TBP-IDF and SPI-IDF

R ekt (g/g) i (g/g) Ak (mL/g)
TBP-IDF 9.53+0.19° 6.22+0.10° 5.20+0.08°
SPI-IDF 7.73+0.22° 7.9540.16° 4.30£0.09°

2.7.2 A2 WEU KRR J1 oA anlEl 8 Bk, TBP-
IDF F1 SPI-IDF #PHAG 55058 i) R 25 I R, 7
R PB4 A A R T v o 4
mn, JL R R, HAAMRE N 3 I ANIAAER
F2Z 5 (P>0.05), X5 Benitez Z£07 R iE A FEZ E
774 IDF 1) % 25 05 W [ 5 0 45 S — =k, B TBP-
IDF 198 A5 SPI-IDF 21, nT AW A6E HArre
FAART 20, B LEAATUAAS X2k B e A 757 2 Bl 34 T AL,
X FRHW] TBP-1IDF 7 il b 7y 1 ) e H A w H A
{8, ASkid Ty 2 o AR P Ee st — 2D 4R5T
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Fig.8 Glucose adsorption capacity of TBP-IDF and SPI-IDF
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Fig.9 Cholesterol adsorption capacity of TBP-IDF
and SPI-IDF
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Fig.10 Sodium cholate adsorption capacity of TBP-IDF
and SPI-IDF

3 ZEip

A 5T o B R 2 e g A I R IS Ak T
LG S & IR T A28 IR A 90.13%.
TENEFEAE I, 38 B AL 451 TBP-IDF &5
83.23%, HLA 43 LILTHER oy 32, HaR BT 4R IR
Jii# . TBP-IDF 04 5EH2H a5 SPI-IDF f7A-7E3 K2
52, (B HAA G 1R m a5 BUs 2 s ARk, I+
HA KO- T ZFE R E I ; TBP-IDF (1945 &4 %
/=T SPI-IDF. [t4h, &5 SPI-IDF #H b, TBP-IDF H
A BT TR R I s 3 A i 2 L[]
FINRARENIE AT B IR B RE T . 25 BT, ASHST
B T TBP-IDF FYZSFRHIE . BAL M M i A 9 )
RBEARTE, IR T ASEE TG B £F 4k i 3R IR YR FT s
12, X EAL e 2o TR P= s AR 2
MEMME R B2 o ARk, it —2bmad Ay S5t
I53IE TBP-IDF £ AXTHLUANEIRS IS s, JE4R5%
HiFEHLH S SPI-IDF & SAAAE2E R

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3k
[1] QIN W, SUN L, MIAO M, et al. Plant-sourced intrinsic di-
etary fiber: Physical structure and health function[J]. Trends in
Food Science & Technology, 2021, 118: 341-355.
[2] YES,SHAHBR, LI J, etal. A critical review on interplay be-
tween dietary fibers and gut microbiota[J]. Trends in Food Science
& Technology, 2022, 124: 237-249.
[3] SANTOS D C, OLIVEIRA FILHO J G, SILVA J D, et al.
Okara flour: Its physicochemical, microscopical and functional prop-
erties[J]. Nutrition Food Science, 2019, 49(6): 1252—1264.
(4] REH, FRE HRE F FRARAHLEERLRS
FREAFRATLT]. T B R EIR, 2022, 22(8): 334-342. [ ZHANG
MR, LI SY, GAO Y X, et al. Studies on nutritional quality and
functional characteristics of soybean dregs fermented by different
fungus [J]. Journal of Chinese Institute of Food Science and Tech-
nology, 2022, 22(8): 334-342. ]
[5] SINGH A, MEENA M, KUMAR D, et al. Structural and func-
tional analysis of various globulin proteins from soy seed[J]. Criti-
cal Reviews in Food Science and Nutrition, 2015, 55(11): 1491—
1502.
[6] MATEOS-APARICIO I, REDONDO-CUENCA A, VIL-
LANUEVA-SUAREZ M J, et al. Pea pod, broad bean pod and


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1108/NFS-11-2018-0317
https://doi.org/10.1080/10408398.2012.700340
https://doi.org/10.1080/10408398.2012.700340

- 126 - £ Tl B4

2025 4F 3 A

okara, potential sources of functional compounds[J]. LWT-Food
Science and Technology, 2010, 43(9): 1467—1470.

[7] AMBAWAT S, KHETARPAUL N. Comparative assessment
of antioxidant, nutritional and functional properties of soybean and
its by-product okara[J]. Annals of Phytomedicine-An International
Journal, 2018, 7(1): 112-118.

[8] ULLAHI, KHODER R M, YIN T, et al. Gelation properties of
tofu induced by different coagulants: Effects of molecular interac-
tions between nano-sized okara dietary fiber and soybean proteins
[J]. Food Chemistry, 2023, 403: 134056.

[9] WANG S, SUN W, SWALLAH M 8, et al. Preparation and
characterization of soybean insoluble dietary fiber and its prebiotic
effect on dyslipidemia and hepatic steatosis in high fat-fed C57BL/6J
mice[J]. Food Function, 2021, 12(18): 8760—8773.

[10 ] LYU B, WANG H, SWALLAH M 8, et al. Structure, proper-
ties and potential bioactivities of high-purity insoluble fibre from
soybean dregs (Okara) [J]. Food Chemistry, 2021, 364: 130402.
[11] TERAMOTO Y, LEE S, ENDO T. Pretreatment of woody
and herbaceous biomass for enzymatic saccharification using sulfu-
ric acid-free ethanol cooking[J]. Bioresource Technology, 2008, 99:
8856—8863.

[12] MA M, MU T. Effects of extraction methods and particle size
distribution on the structural, physicochemical, and functional prop-
erties of dietary fiber from deoiled cumin[J]. Food Chemistry, 2016,
194: 237-246.

[ 13 ] DONG W, WANG D, HU R, et al. Chemical composition,
structural and functional properties of soluble dietary fiber obtained
from coffee peel using different extraction methods[J]. Food Re-
search International, 2020, 136: 109497.

[ 14] QIAO C C, ZENG F K, WU N N, et al. Functional, physico-
chemical and structural properties of soluble dietary fiber from rice
bran with extrusion cooking treatment[J]. Food Hydrocolloids,
2021, 121: 107057.

[15] GOUW V P, JUNG J, ZHAO Y. Functional properties,
bioactive compounds, and in vitro gastrointestinal digestion study of
dried fruit pomace powders as functional food ingredients[J]. LWT-
Food Science and Technology, 2017, 80: 136—144.

[16 ] CHAU CF, WANG Y T, WEN Y L. Different micronization
methods significantly improve the functionality of carrot insoluble
fibre [J]. Food Chemistry, 2007, 100(4): 1402—1408.

[17] YANG T, YAN H L, TANG C H. Wet media planetary ball
milling remarkably improves functional and cholesterol-binding
properties of okara[J]. Food Hydrocolloids, 2021, 111: 106386.

[ 18] QIAO H, SHAO H, ZHENG X, et al. Modification of sweet
potato (Ipomoea batatas Lam.) residues soluble dietary fiber follo-
wing twin-screw extrusion[J]. Food Chemistry, 2021, 335: 127522.
[19] 34, i, T K, . RRIBLAEZ &5 & e 2 I e dh
HER R 2F L BUR M 0 % e [T]. R S A R F AR, 2023, 41
(6): 115-126. [HU W, YANG F, XIONG Z Y, et al. Effects of
different degreasing methods on cow’s milk allergens detection in
high-fat complex food matrix [J]. Journal of Food Science and Tech-
nology, 2023, 41(6): 115-126. ]

[20] F454h, 7 3, A0, 5. o0 5 @ & RACH ATFHHBERE L 2L
A7 I). F Bk Ag, 2016,41(7): 20-23. [NING W W, TAON P,
RONG X, et al. Optimization of defatting of chia (Salvia hispanica)
seed cake by response surface methodology[J]. China Oils and
Fats, 2016, 41(7):20-23. ]

[21] KARAMAN E, YILMAZ E, TUNCEL N B. Physicochemi-
cal, microstructural and functional characterization of dietary fibers
extracted from lemon, orange and grapefruit seeds press meals[J].
Bioactive Carbohydrates and Dietary Fibre, 2017, 11: 9—17.

[22 ] ELLEUCH M, BEDIGIAN D, ROISEUX O, et al. Dietary fi-
bre and fibre-rich by-products of food processing: Characterisation,
technological functionality and commercial applications: A review
[J]. Food Chemistry, 2010, 124(2): 411—-421.

[23 ] CHEN H, XIONG M, BAI T, et al. Comparative study on the
structure, physicochemical, and functional properties of dietary fiber

extracts from quinoa and wheat[J]. LWT-Food Science and Tech-
nology, 2021, 149: 111816.

[24 ] WU W, HU J, GAO H, et al. The potential cholesterol-lower-
ing and prebiotic effects of bamboo shoot dietary fibers and their
structural characteristics [J]. Food Chemistry, 2020, 332: 127372.
[25] QI ], YOKOYAMA W, MAJEED H, et al. Structural and
physicochemical properties of insoluble rice bran fiber: Effect of
acid-base induced modifications [J]. RSC Advances, 2015, 5: 79915—
79923.

[26 ] SCHMITT C, SANCHEZ C, DESOBRY-BANON S, et al.
Structure and technofunctional properties of protein-polysaccharide
complexes: A review[J]. Critical Reviews in Food Technology,
1998, 38(8): 689-753.

[27] ULLAH I, YIN T, XIONG S, et al. Effects of thermal pre-
treatment on physicochemical properties of nano-sized okara (soy-
bean residue) insoluble dietary fiber prepared by wet media mill-
ing[J]. Journal of Food Engineering, 2018, 237: 18-26.

[28] YU C, TAN H. Study on crystal structures of enzyme-hy-
drolyzed cellulosic materials by X-ray diffraction[J]. Enzyme &
Microbial Technology, 2005, 36(2-3): 314-317.

[29] YEF, TAO B, LIU J, et al. Effect of micronization on the
physicochemical properties of insoluble dietary fiber from citrus
(Citrus junos Sieb. ex Tanaka) pomace[J]. Food Science and Tech-
nology International, 2016, 22(3): 246-255.

[30] CHEN H, ZHAO C, JIE L, et al. Effects of extrusion on
structural and physicochemical properties of soluble dietary fiber
from nodes of lotus root[J]. LWT-Food Science and Technology,
2018, 93:203-211.

[31] YAN X, YE R, CHEN Y. Blasting extrusion processing: The
increase of soluble dietary fiber content and extraction of soluble-
fiber polysaccharides from wheat bran[J]. Food Chemistry, 2015,
180: 106—115.

[32] KAUSHIK A, SINGH M. Isolation and characterization of
cellulose nanofibrils from wheat straw using steam explosion cou-
pled with high shear homogenization[J]. Carbohydrate Research,
2011, 346(1): 76-85.

[33] ALBA K, MACNAUGHTAN W, LAWS A P, et al. Fraction-
ation and characterisation of dietary fibre from blackcurrant po-
mace[J]. Food Hydrocolloids, 2018, 81: 398—408.

[34] OUYANG H, GUO B, HU Y, et al. Effect of ultra-high pres-
sure treatment on structural and functional properties of dietary fiber
from pomelo fruitlets[J]. Food Bioscience, 2023, 52: 102436.

[35] LOPEZ G, ROS G, RINCON F, et al. Relationship between
physical and hydration properties of soluble and insoluble fiber of
artichoke[J]. Journal of Agricultural & Food Chemistry, 1996, 44
(9):2773-2778.

[36] PEERAJIT P, CHIEWCHAN N, DEVAHASTIN 8. Effects
of pretreatment methods on health-related functional properties of
high dietary fibre powder from lime residues[J]. Food Chemistry,
2012, 132(4): 1891-1898.

[37] BENITEZ V, MOLLA E, MARTIN-CABREJAS M A, et al.
Physicochemical properties and in vitro antidiabetic potential of fi-
bre concentrates from onion by-products[J]. Journal of Functional
Foods, 2017, 36: 34—42.

[38 ] ZHANG N, HUANG C, OU S. In vitro binding capacities of
three dietary fibers and their mixture for four toxic elements, choles-
terol, and bile acid[J]. Journal of Hazardous Materials, 2011,
186(1): 236-239.

[39] PALLAGI-KUNSTAR E, FARKAS K, MALETH J, et al.
Bile acids inhibit Na”/H" exchanger and CI'/HCO;~ exchanger activ-
ities via cellular energy breakdown and Ca** overload in human
colonic crypts[J]. Pfliigers Archiv-European Journal of Physiology,
2015, 467: 1277-1290.

[40 ] MAEKYNEN K, JITSAARDKUL S, TACHASAMRAN P,
et al. Cultivar variations in antioxidant and antihyperlipidemic prop-
erties of pomelo pulp (Citrus grandis L. Osbeck) in Thailand[J].
Food Chemistry, 2013, 139(1-4): 735—743.


https://doi.org/10.1016/j.lwt.2010.05.008
https://doi.org/10.1016/j.lwt.2010.05.008
https://doi.org/10.1016/j.lwt.2010.05.008
https://doi.org/10.1016/j.lwt.2010.05.008
https://doi.org/10.1016/j.foodchem.2022.134056
https://doi.org/10.1039/D1FO01050F
https://doi.org/10.1016/j.foodchem.2021.130402
https://doi.org/10.1016/j.biortech.2008.04.049
https://doi.org/10.1016/j.foodchem.2015.07.095
https://doi.org/10.1016/j.foodres.2020.109497
https://doi.org/10.1016/j.foodres.2020.109497
https://doi.org/10.1016/j.foodres.2020.109497
https://doi.org/10.1016/j.foodhyd.2021.107057
https://doi.org/10.1016/j.lwt.2017.02.015
https://doi.org/10.1016/j.lwt.2017.02.015
https://doi.org/10.1016/j.lwt.2017.02.015
https://doi.org/10.1016/j.foodchem.2005.11.034
https://doi.org/10.1016/j.foodhyd.2020.106386
https://doi.org/10.1016/j.foodchem.2020.127522
https://doi.org/10.3969/j.issn.1003-7969.2016.07.005
https://doi.org/10.3969/j.issn.1003-7969.2016.07.005
https://doi.org/10.3969/j.issn.1003-7969.2016.07.005
https://doi.org/10.1016/j.bcdf.2017.06.001
https://doi.org/10.1016/j.lwt.2021.111816
https://doi.org/10.1016/j.lwt.2021.111816
https://doi.org/10.1016/j.lwt.2021.111816
https://doi.org/10.1016/j.lwt.2021.111816
https://doi.org/10.1016/j.lwt.2021.111816
https://doi.org/10.1016/j.foodchem.2020.127372
https://doi.org/10.1039/C5RA15408A
https://doi.org/10.1080/10408699891274354
https://doi.org/10.1016/j.jfoodeng.2018.05.017
https://doi.org/10.1177/1082013215593394
https://doi.org/10.1177/1082013215593394
https://doi.org/10.1177/1082013215593394
https://doi.org/10.1016/j.foodchem.2015.01.127
https://doi.org/10.1016/j.carres.2010.10.020
https://doi.org/10.1016/j.foodhyd.2018.03.023
https://doi.org/10.1016/j.fbio.2023.102436
https://doi.org/10.1016/j.foodchem.2011.12.022
https://doi.org/10.1016/j.jff.2017.06.045
https://doi.org/10.1016/j.jff.2017.06.045
https://doi.org/10.1016/j.jhazmat.2010.10.120
https://doi.org/10.1016/j.foodchem.2013.02.017

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 传统豆制品豆渣脱脂工艺单因素实验
	1.2.1.1 液料比对豆渣脱脂率的影响
	1.2.1.2 脱脂温度对豆渣脱脂率的影响
	1.2.1.3 脱脂时间对豆渣脱脂率的影响

	1.2.2 响应面试验设计
	1.2.3 传统豆渣不溶性膳食纤维的制备
	1.2.4 基础成分测定
	1.2.5 组分测定
	1.2.5.1 全纤维素含量的测定
	1.2.5.2 纤维素含量的测定
	1.2.5.3 木质素含量的测定

	1.2.6 不溶性膳食纤维结构表征
	1.2.6.1 单糖组成分析
	1.2.6.2 扫描电子显微镜分析
	1.2.6.3 X-射线衍射分析
	1.2.6.4 傅里叶变换红外光谱分析

	1.2.7 理化性质测定
	1.2.7.1 持水性
	1.2.7.2 持油性
	1.2.7.3 膨胀性
	1.2.7.4 葡萄糖吸附能力
	1.2.7.5 胆固醇吸附能力
	1.2.7.6 胆酸钠吸附能力


	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果分析
	2.1.1 液料比对脱脂率的影响
	2.1.2 脱脂温度对脱脂率的影响
	2.1.3 脱脂时间对脱脂率的影响

	2.2 响应面试验结果分析
	2.3 验证实验
	2.4 基础成分分析
	2.5 膳食纤维组分分析
	2.6 结构表征分析
	2.6.1 单糖组成分析
	2.6.2 扫描电镜分析
	2.6.3 X-射线衍射分析
	2.6.4 傅里叶变换红外光谱分析

	2.7 理化性质分析
	2.7.1 持水性、持油性和膨胀性分析
	2.7.2 葡萄糖吸附能力分析
	2.7.3 胆固醇吸附能力分析
	2.7.4 胆酸钠吸附能力分析


	3 结论
	参考文献

