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Effect of Soybean Protein Liquid Components on Apparent Viscosity and Particle Size

REN Shao-wei, YANG Chuan-min, HE Si-nian, GUO Jie, DONG Xiao-yun
(Tianjin University of Commerce, Tianjin 300134, China)

ABSTRACT: The work aims to improve the effect of atomization, and select the optimal components of spraying liquid
during the film forming process of the vegetable composite paper. The apparent viscosity of 30 groups of soybean protein
spraying liquid was measured by Anton advanced viscosimeter, and the analysis software was used to carry out quadratic
multiple regression fitting of each test result to get the optimal regression equation. According to the regression equation,
the 3D response surface and contour maps were made. With the increase of the soybean protein concentration, its apparent
viscosity gradually increased, while the CMC concentration had no obvious effect on the apparent viscosity. Based on the
three-dimensional response surface and contour maps made, the impact significance of soybean protein concentration and
CMC concentration on the surface mean diameter could be seen intuitively. With the increase of soybean protein concen-
tration, the spray particle size increased gradually. With the increase of CMC concentration, the spray particle size de-
creased first and then increased. The effect of soybean protein concentration was more significant. The study on the effect
of soybean protein liquid components on the apparent viscosity and particle size provides data reference for the uni-
form consistency of vegetable paper in the later period.
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Tab.2 Design and results of experiment

- L FUMGIE R/
A B C D (mPa-s) um

1 -1 -1 -1 -1  8.648 2431
2 0 -1 1 1 35812 2842
3 0 (N 10418 21.11
4 0o -l 0 0 13717 2526
5 0 0 1 0 33693  27.82
6 0 0 0 0 15171 24.29
7 0 0 0o 0 13.597  25.10
8 0 0 0o 0 13.229 2451
9 -1 -1 -1 1 8.808 23.86
10 1 (N 28.117  33.68
11 1 -1 1 -1 27623  31.98
12 1 0 0o 0 58.381  36.58
13 1 1 1 -1 32476 3391
14 0 0o -1 0 18.430  29.27
15 1 -1 -1 -1 27054 3171
16 0 0 0 -1 13844  29.60
A 1 1 9.744  23.83
18 0 0 0 1 14.405  26.59
19 -l 1 IS 9.885 25.55
20 1 -1 -1 1 34.807  30.67
21 -l 0 0 0 6.671 2230
22 1 1 -1 —-1 26736  30.66
23 1 1 1 1 24228 31.89
240 0 0o 0 18.204 2422
25 0 0 0 0 16.453  21.38
260 1 0o 0 14127 29.51
27 -l 1 1 1 9.952 32.59
28 -l -1 -l 8.624 25.34
S 1 -l 8.265 26.46
30 0 0 0 0 18.008  23.74
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Fig.1 Particle size data acquisition system
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Fig.2 The relationship between the shear stress and shear rate
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Tab.3 ANOVA for apparent viscosity

AR S ¥y

ab s o

. BEE FHM - F P
K ¥ iR fit fix
FRAY 14 0.00367 0.00026  18.47 <0.0001
A 1 0.002947 0.00295 207.62 <0.0001
B 1 0.000004 0.000001 0.27  0.6140
C 1 0.000052 0.000052 3.66 0.0751
D 1 0.000008 0.000001  0.55  0.4695
AB 1 0.000018 0.000018 130  0.2729
AC 1 0.000001 0.000001 0.019 0.8922
AD 1 0.000002 0.000002 0.14 0.7166
BC 1 0.000001 0.0000001 0.00119 0.9730
BD 1 0.000032 0.000032 225 0.1547
CcD 1 0.000006 0.000006 0.41  0.5336
A2 1 0.0004 0.0004 28.19  <0.0001
B? 1 0.000019 0.000019 134  0.2656
C? 1 0.000133 0.000133 9.38  0.0078
D? 1 0.000017 0.000017 1.18  0.2946
Ei) 10 0.00019  0.000 02 4.14  0.0651
afiiR 2% 5 0.000 023 0.000 005
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Fig.3 Two-factor response surface of apparent viscosity
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Fig.4 The statistical result of particle size by computer

Dy B4 B 7 S0 — {82 ) 0 A il AR R
HRMEAZ HAFRCT PR R SRR S BRI RZ L,

2018 4F 5 H
I LR
Do 143
J; e
Pow =40~
J'O ™ N24D

IRFUOF-2) B4R 43 pm, WHRAE Vyp, HAHRE
P& Wi

. IODM D*dD

MD

IOD’““‘ D*dD

SRR A B R, HEE R /N R R AR A A
sy, HFRKAN

¢ D09 -D.0.1)

D(V,0.5)

Krf: D(V,0.9) FRom/NF%EAR MW T &
WRTE AN 90%; D (V,0.1) Fom/NTiZEE W
T BREUE S N 10%; D (1, 0.5) R/ Fiz
AR ORI BT o5 AR R E A EE R 50%, LA TR
SEHIEAR 30 um.

-1 548 Do RT3 ELAR N 43 um 1Y
ZEEERA, FeURLRE S0 A B Ve, R R BE e AR 5 B S
OFTERUER 7 N

SMD NRFEFFH EAR, FALBH AR S %
2 b, A s o vp, A 2R Y B L, SMD
MNERE LR, ISR SMD Rl K
T A BETR T SR (/N e 30 LLRE S A W5V s 52
GERLZE 2, KX SMD SN 5 22 20 W 4k
#4,

x4 SMDHIFEHH
Tab.4 ANOVA for SMD

SR AMBEE PR ¥UrikE FE PE

TR 14 42279 3020  7.31 0.0002
A 1 256.30 2563 62.06 <0.0001
B 1 20.15 20.15  4.88 0.0432
C 1 45 450  1.09 0.3132
D 1 4.08 408 099 0.3363
AB 1 0.095 0.095 0.023 0.8817
AC 1 12.83 12.83  3.11 0.0983
AD 1 0.69 069  0.17 0.6879
BC 1 10.58 10.58  2.56 0.1304
BD 1 8.25 825  2.00 0.1779
cD 1 0.15 0.15  0.035 0.8532
A2 1 54.81 5481 1327 0.0024
B? 1 2221 2221 538 0.0349
c? 1 38.83 38.83  9.40 0.0078
D? 1 31.84 31.84 771 0.0141
JAU 10 53.51 5.35 3.17  0.1073
aliiR 2% 5 8.44 1.69
Gt 29  484.74
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Fig.5 Two-factor response surface of SMD
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