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ABSTRACT

The flow properties of soybean protein-lipid-water suspension systems and coagulated

gels were related to a protein-lipid interaction. For powdered soybean lecithin-added soybean

protein suspension systems and their heat-induced gels, the yield stress (oy) and the consisten-

cy index (K) increased with increasing amounts of added lipid, but the flow behavior index (n)
and the thixotropy index (TI) decreased. On the other hand, there were only small changes in

the magnitudes of the thixotropic parameters and the viscometric parameters (¢y, K and n)

after adding soybean oil at various concentrations to soybean protein dispersions. These facts

suggested that the formation of a protein-phospholipid complex increased the effective

particle size, and that the intermolecular entanglements and linkages among the protein

molecules or among the protein-phospholipid complexes were weakened by the addition of
polar lipids. The thixotropy index defined in this study is available for characterizing the

stress decay, that occurs within soybean protein dispersions and heat-induced gels as they are

sheared.
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EQUATIONS

1/0 REC)%-IQ{DER
!
L | Fig. 1 Block diagram of
AUTO%PC%I%ETER the autoviscometer-
interface - computer
system.
RAW DATA

o=K.6
7=KoN
n=a/7=Kob/N

where : o=Shear stress
y=Shear rate

n=Viscosity

Ko, Ki, K2=Constants

REDUCED DATA

Thixotropic parameters

Dial reading (8}
Rotation velocity (N) »‘

Temperature (T)

Hysteresis loop area
st = [23% dy
150 . 5
Sr = g dy
S5

AS=5t—Sr

St, Sr, AS
Sr/St, AS/St

Viscometric parameters

Casson mode!

Vo= Joy 1+Ke V7 //a7)

oy (Yield stress)
K (Consistency index)
n (Flow behavior index)

Fig. 2 Schematic diagram

of data reduction.

Herschel —Bulkley model

o— o.=Ky" (for o> 0,)




Table 1. Thixotropy indices and viscometric parameters
of protein—lipid—water suspending systems

Level of lipid oy K
addition (%) TI (Pa) (Pa-s") n

Without 0.087 8.93 3.48 0.59
Soybean oil

0.5 0.081 6.26 2.36 0.63

1.0 0.093 8.30 3.23 0.58

2.0 0.077 7.36 2.71 0.60

4.0 0.079 6.97 2.59 0.63

6.0 0.067 8.26 3.01 0.59
Powdered lecithin 1

0.5 0.111 10. 68 3.76 0.57

1.0 0.087 18. 04 6. 88 0.52

2.0 0.091 30. 30 12.43 0.42

4.0 0.043 69. 70 32.71 0.33

6.0 0.058 96. 49 46. 24 0.32
Commercial lecithin

0.5 0.083 13. 14 4.91 0.54

1.0 0.063 16.58 6.37 0.48

2.0 0. 059 30.85 12. 86 0.41

4.0 0.051 56.58 25.52 0.35

6.0 0.049 78.93 37.55 0.32
For the thixotropy index and the viscometric parameters, see Fig. 2.
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Fig. 3 Apparent viscosity of protein-lipid-water suspending systems.
SO, soybean oil ; PSL, powdered soybean lecithin ; CSL, commercial
soybean lecithin.



Table 2. Thixotropy indices and viscometric parameters of lipid-added gels

Level of lipid ay K
addition (%) TI (Pa) (Pa-s") n
Without 0.108 29.27 12.43 0.40
Soybean oil
0.5 0.081 29.70 12. 87 0.39
1.0 0.072 28.05 11.62 0.37
2.0 0. 068 29.68 12. 46 0.41
4.0 0.081 29. 64 12.67 0.39
6.0 0.090 31.53 13. 85 0.37
Powdered lecithin
0.5 0.101 29.58 12.78 0.39
1.0 0. 091 37.11 15.74 0. 40
2.0 0.090 43. 47 19. 66 0.35
4.0 0.062 73. 44 33. 59 0.34
6.0 0.052 119. 47 55. 49 0.33
Commercial lecithin
0.5 0.091 34. 49 14.27 0.39
1.0 0.074 36. 83 16. 83 0.35
2.0 0.074 40.50 18. 41 0.35
4.0 0.042 51.97 23.87 0.34
6.0 0.027 81. 60 38.84 0.32
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