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Preparation and Physicochemical Properties of Soluble Dietary
Fiber Extracts from Soymilk Residue at High Temperature
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Abstract

Thermal treatment of soymilk residue was carried out at 140, 150, and 160°C for possible use as a raw ma-
terial for dietary fiber, and some physicochemical properties of the extracts were investigated. Soluble dietary
fiber(SDF) content of the extracts prepared under optimal conditions was more than 30% suggesting the conv-
ersion of insoluble dictary fiber to SDF. The main sugar components of the extracts were glucose, galactose,
and arabinose. Analysis of the moelcular weight distribution by high performance size exclusion chro-
matography revealed that the proportion of high molecular weight fraction decreased and that of middle-sized
polymer increased as the extraction temperature increased. The viscosity of aqueous solution of the extracts
decreased with an increase in extraction temperature, but showed no trend as pH changed. The solubility in-
creased with extraction temperature showing the highest at 160°C. The extract at 140°C had the biggest cal-
cium-binding capacity, which correlated with the changes in viscosity.
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Fig. 1. Preparation of soluble dietary fiber extract
from soymilk residue.
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ol &35lo] AEFE BAslrt HBEE BiolC gra-
dient pump (Dionex Co., Sunnyvale, CA, USA)E, &
2]-2. CarboPac PA1 column (Dionex Co.}& AH-3}53
3, 74%7]+& pulsed amperometric detector (PAD,
Dionex Co.)2 E1=0.05V, E2=0.6 V, E3=-0.8 V& #
& Aol 21-g-slsdr}. Regeneration £ 200 mM
NaOH, 7} #vl2%E 16 mM NaOHE Ahg3}4ich.
EF Aefe 2= fucose, thamnose, arabinose, xylose,
galactose, glucose, mannoseE Ag-&tgiom 1%8
& 5ol 2000, 40082 3| 435)e] Falspsich A=
€ Ab ZHr RSl ES 200 H A% F 045 um mem-
brane filter 2 o3 3}3} 1 20 pLE S48k

2550 2XjY Ex 53

7+ 4 A ge] 1% (wiv) 4~84-& 7+-E] high per-
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goto] T4t Aloldfre) BAE RES R
t}. %2 Shodex OHpak KB-803 (Showa Denco K.
K., Tokyo, Japan), 71Z7]+= Knauer differential re-
fractometer2 AF2-3}9d 2w 0.1 M NaOHE 1 mL/min
9] £x 2 F# HuWrl Molecular weight markers:
linear dextran series (Pharmacia Biotech., Uppsala,
Sweden) dextran T-2000 (&A}sF 2,000 kDa), T-70 (¥
22} 70 kDa), T-40 (3:2F2F 40 kDa), T-10 (32} 10
KDay& AH&-515c).
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Baksle] Wy Abely}l 5] £ 2 319}, Haake Rheos-
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sec’o)| A 1,000 sec'7vx| 27121719 shear stress2] ¥
318 25°Coll A A st}
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& §83td g IS SR NG Awe
AAst7] Y8 0.5 g2 gl 1% HCI 10 mLE 7}
spol Lol 347} E<b WEAT F FHAT
100¢] v]&-E #H7}5l31 membrane filter (MWCO 5
kDa, SPECTRA/MESH macroporous filter, Spectrum
Medical Industries, Los Angeles, CA, USA)E Al4-3}
of dolod At ok Y] Ay FE=E T W)
A B G Aol z o] AAR A (acid-
washed sample) & #&3}E= g Fes 3o
Acid-washed sample solution 2 mLell 1 M CaCl, -2
1 mL—E— A7Vl ARl A 24 7 ToF vk A A A

AR F FFHE 1:1009] vlF2 Hrsla 9

o4 $U% WHoT Beldsuc g 2h
T 2ve ARd A%9 24 Y Feeict

A8 2] g % inductively coupled plasma
atomic absorption spectrometer (ICP-AAS: Integra
XMP, GBC Scientific Equipment Pty. Ltd., Victoria,
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Table 1. ICP-AAS conditions for determination of cal-
cium concentration

Nebulizer glass concentric nebulizer
Forward power 1200 W

Torch height 8.0 mm

Sample gas flow 0.40 L/min

Max. sample pressure 500 kPa

Plasma gas flow 12.00 L/min

Auxiliary gas flow 0.70 L/min

PMT voltage 750 V
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Fig. 2. Optimization of the conditions for SDF extraction from soymilk residue. A: Extraction at 140°C, B: Extraction

at 150°C, C: Extraction at 160°C.
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Table 2. Dietary fiber content of the soymilk residue

and the partially purified extract (Unit : %)
IDF SDF TDF

Defatted 43.0 33 46.3

soymilk residue

Low protein-defatted 574 44 61.8

soymilk residue

140°C extract 0.5 67.3 67.8

150°C extract 03 66.2 66.5

160°C extract 0.4 54.1 54.5

"dry basis
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Fig. 3. HPIC chromatograms for determination of sugar
composition. A: standard sugar mixture, 1: fucose+arabi-
nose, 2: thamnose, 3: galactose, 4: glucose, 5: xylose, 6:
mannose, B: Extract at 140°C, C: Extract at 150°C, D: Ex-
tract at 160°C, 1: fucose+ arabinose, 2: rhamnose, 3: galac-
tose, 4: glucose, 5: mannose.
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Table 3. Sugar composition of the SDF extract of soy-
milk residue (Unit: mg/g dry extract)

Sugar 140°C 150°C 160°C
extract extract extract
Fucose+Arabinose 22.93 22.65 19.11
Rhamnose 7.21 7.53 7.25
Galactose 79.47 77.72 70.69
Glucose 163.40 158.03 145.42
Mannose 5.84 15.16 8.23
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Fig. 4. Molecular weight distribution by HPSEC. A: Ex-
tract at 140°C, B: Extract at 150°C, C: Extract at 160°C.
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Fig. 5. Effect of concentration on the viscosity of poly-
dextrose and SDF extract from soymilk residue. @—@:
Extract at 140°C, M—M: Extract at 150°C, A—a4A: Ex-
tract at 160°C, w——W: Polydextrose.
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Fig. 6. Shear stress vs. shear rate of SDF extract from soymilk residue. A: Extract at 140°C, B: Extract at 150°C, C: Ex-
tract at 160°C. @—@: 2% solution, B—M: 4% solution, A—a&: 6% solution.
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Fig. 7. Solubility of SDF extract from soymilk residue.
©@—@: Extract at 140°C, ®—M: Extract at 150°C, A—
A Extract at 160°C.
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Table 4. Calcium-binding capacity of the SDF extract
of soymilk residue

Calcium concentration, ug/g

Endogenous Acid-washed Total bound

140°C Extract 3,200.08 154.29 22,487.07
150°C Extract 2,779.38 121.25 11,562.46
160°C Extract 2,839.26 190.26 9,738.63
Polydextrose 27.14 4.11 7,799.60
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