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Functional Properties of Soybean Curd Whey Concentrate by Nanofiltration and
Effects on Rheological Properties of Wheat Flour Dough

Sang-Mi Eom, You-Pung Kim, Eun-Jung Chang, Woo-Jung Kim and "Hoon-11 Oh
Dept. of Food Science and Technology, Sejong University

Abstract

This study was designed to investigate the feasibility of utilizing concentrates of sunmul(soybean curd whey), the waste
by-product of soybean curd processing, as functional food ingredients. Sunmul was concentrated by nanofiltration following
ultrafiltration, and then freeze-dried. The oil adsorption capacity of the nanofiltraion(NF) powder(97.33g/100g) was similar
to that of sunmul powder(94.17g/100g), but was lower than that of ISP(isolated soy protein). However, the water holding
capacity of NF powder could not be determined because the NF powder completely dissolved in water. The protein
solubilities of sunmul powder and ISP in distilled H;O, 0.1M and 0.5M NaCl were lowest at pH 4.0 and increased at
more acidic or alkaline conditions. However, the protein solubility of NF powder was at its minimum at pH 6.0 and
increased at more acidic or alkaline conditions. Emulsifying activity indexes of NF powder in 4% and 6% solution were
minimal at pH 4.0 and 6.0, respectively, which were 3 to 8 times lower than that of sunmul powder. The emulsion stability
of 4% sunmul solution was lowest at pH 4.0, but that of NF powder was highest at pH 6.0 and decreased at more acidic
or alkaline conditions at all concentrations of solution. The total free amino acid contents of protein in sunmul, and NF
power were 99.07 and 2,110.10mg%, respectively, and NF powder exhibited especially high threonine content. Rapid
viscosity analysis of dough with 1 to 5% added NF powder demonstrated that all of the peak and final viscositics decreased
with increasing NF powder concentration compared to the control.
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Table 1. Properties of membranes used in microfiltration, ultrafiltration and nanofiltration

Membrane Microfiltration Ultrafiltration Nanofiltration
Model Econo-Klean Biomax-10 Nanomax-50
MW. cut-off 1~40 microns 10K dalton Salt rejection 65%
Material Cellulose Polyethersulfone Polyamide thin film

Module size (cm) Depth type (6.1x24.8)

Cassette type (5.6x21.0) Spiral type(4.6x30.5)

Effective area (m’) - 0.1 0.4

Temp. range (C) 121 4~ 50 4~50

pH range (25°C) 1~14 1~ 14 : 4~10
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Table 2. Operating conditions for analysis of free
amino acid contents by high performance liquid
chromatography

Instrument Waters Associates HPLC
Column Pico-tag column (3.9x150 mm)
Eluent A 0.04 M NaH,POs (pH 7.8)
Acectonitrile : Methanol : Water
Eluent B
(45 : 45 : 10 viviv)
Detection Waters 486 absorbance detector (338 nm)

Injection volume 20 0

Time Flow

Gradient (min)  (ut/min) %A %B
initial 1.0 100 0

1.9 1.0 100 0

18.1 1.0 43 57

18.6 1.0 0 100

223 1.0 0 100
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Table 3. Proximate composition of sunmul powder
before and after concentration by nanofiltration

(%)
spY NF”
Moisture 7.87+1.08" 5.630.11
Ash 24.18+1.16 17.50£0.37
Crude fat 2.60+0.11 0.62£0.11
Crude protein 15.53+0.71 5.23+0.08
(NPN*) (8.0240.75) (5.08+0.01)
Carbohydrate 50.2441.46 71.2540.37

D SP : sunmul powder.
% NF : sunmul concentrate powder by nanofiltration.
? NPN : non-protein nitrogen.

“mean value of triplicates.

Table 4. Oil adsorption and water holding capa-
cities of sunmul and NF concentrate powder
(g/g sample)

Sample Oil adsorption Water holding capacity

1spY 1.2542.08 5.2340.38
Sp? 0.97+2.42 0.77+1.14
NP 0.94+6.76 0

D ISP : isolated soy protein.
2 SP - sunmul powder.
% NF : sunmul concentrate powder by nanofiltration.
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powders.
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Fig. 3. Effects of pH on the emulsifiying stability
of ISP, sunmul and NF retentate powders. Upper:
4% concentration, lower: 6% concentration.
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Table 5. The composition of free amino acids in
sunmul powder before and after concentration by

nanofiltration (mg%)
Amino acid Sunmul powder NF

Aspartic acid 5.34+1.08 61.08+ 3.58
Glutamic acid 27.33+0.64 54.37+ 1.07
Serine 6.96+0.08 7.04+ 1.00
Histidine 14.1340.13 27.03+ 423
Threonine 2.88+0.77 854.81+19.42
Alanine 6.74+0.33 20.14+ 145
Arginine 12.59+0.01 486.25+15.27
Tyrosine 3.28+0.24 372.84428.87
Glycine 2.2140.01 104.97+ 3.48
Cysteine 0.64+0.02 -

Valine 3.4140.23 7.94+ 0.42
Methionine 1.97+0.08 29.15+ 3.45
Phenylalanine 0.8140.90 27.36+ 6.30
Tsoleucine 0.84+1.09 1451+ 332
Leucine 1.08+1.06 1.91+ 041
Lysine 8.86+1.53 40.70+ 6.80

Total 99.07 2,110.10
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Fig. 4. Viscograms of wheat flour added with various concentrations of ISP, sunmul and NF powders by
RVA.
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Table 6. Effects of addition of ISP, summul and NF powder on RVA viscogram properties
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Added amount Peak(RVU) Trough(RVU) Final viscosity(RVU) Peak time(min)
Control (0%) 154.8130.14 98.50:40.97 185.557+1.18 5.9120.00
ISP 149.110+0.13 104.66+1.01 186.973+1.29 6.00:0.00
1% SP 142.557+0.59 92.25+1.82 172.223+1.58 5.9120.04
NF 146.697+2.38 95.7242.77 178.463+0.48 5.82+0.02
ISP 143.223+0.94 99.14+0.88 179.473+1.15 5.95:0.04
3% Sp 142.5770.59 92.25+1.83 172.530+1.28 5.9120.04
NF 147.167+0.44 90.17+0.17 174.057+0.58 5.80:£0.00
ISP 141.197+1.04 98.08+1.88 175.473+1.54 5.930.00
5% Sp 136.693+1.47 89.31+1.82 166.083+2.33 5.9140.04
NF 135.720+1.10 82.00+0.96 162.02742.13 5.75+0.04
ISP 143.277+0.25 83.190.17 158.473+1.04 5.78:+0.04
5%+ 3 %
it SP 133.0832.32 76.70:4.33 156.943+3.73 5.82+0.04
NF 135.917+1.92 79.1740.58 161.747£1.26 5.85+0.04
A7 72 3% HE w7in] sl E HelA] erthrt Ae | 23} exE WS B2t 8RS 5
5% A7 A1 Ame) HE Amr) gaslhe 4TS Vet 2%0 M st o Hu A B5
UERHQITE NF £32] 5 B8 3018 A9e o8 Z7to)| whe} A& o2 2oyt Rtk 3t
T FARH 3% HoHE 7k = Ha Hme) W A gk B A¥0] A 5% NF 28] 55 2] Jri=
32 UehliA] ¥t 5% A7 tadhe e B 13 A Z4E M) A8l 3% Ags Hrls
dom H&E Az glojr ISPs} nlxriA 2 Ao} & HEo 3]Eo| o] Fox|A] &sk=d| o] NF &
Fol| SIS AAch = ISP, 8 o g g ¥& oo o EAlete FI9FEC] 289
NF £2] 5% £¢ BF 239 /b A 3¢ 0F 51 288 Taslr] MEd Aoz AzEn.
IS JERIA] gskon &8 /fA] AJ7ke 575~
6.00% Alo| & %23 A|7tthe] B8} eloykeh e of
e o} Z1RE 4,6, 8, 10 2 12%% Url=o)
A7¥sle] RVAR 3.8} JHE* < st s, dol ¥ T o8 B2 Y NF 22 55 22 dudiE
7}9] dteko] Wold4E H1 A%, HA M 2 7} o] E g Aol b A5 wkEAl aeeol
H I, setback B peak tnme°1 Yol o] & A4Mdelr] 9 g A 2 R 3, S8, 3 ke
3 3% 2w el 33 HE S 249 A3 A o) F7HA Bl&2A] SAd nAE JgE A
AHQ RE Aol daf 5% xS A At v Aok et AR A9, o8 EUy $E9 NF £
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%, farinograph®} extensograph 2 amylogaph<] & 11 % & 247+ 097, 094 g/ge] #A] FAHE 7A 3 9o
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oha Basigct. e 4 %26)—0— LA 1.7% 4F  0.IM 2 0.5M NaCl 'm?ow NF 5% Bie $F
< A7reted O}U‘E:L%—% 243 A3} 33} A & Faah= g pH 6. :Low 22} 74 wke- il
T oRE sl on Aes Skt Bals A s UrEhHOiD} 4% 2 6% NF 23] 5% &
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