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𝜂 = 𝜂∞ + (𝜂0 − 𝜂∞)[1 + (𝜆𝛾̇)𝑎](𝑛−1) 𝑎⁄

η η∞

η = 0.92 mPa∙s) λ is a characteristic 

time scale of the fluid. n describes the slope of (𝜂 − 𝜂∞)/(𝜂0 − 𝜂∞) in the power-law region, while a 

describes the region between the Newtonian plateau and the power-law region.  

 

 

The parameters extracted by fitting with equation 1 are listed in Table 1. The table also shows the 

calculated time for sodium caseinate micelles to diffuse a distance equal to their diameter, 𝑡𝐷 =
(4𝜋𝜂0𝑅ℎ

3) (𝑘𝑇)⁄ . 

The values of tD and λ increase with concentration 

and are the same order of magnitude. Therefore, λ may be indicative of the micelle diffusion 

time. The general trend for both n and a is to decrease with increasing protein concentration due 

to changes in the shear thinning behavior.  
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Table 1: Carreau-Yasuda equation fitting parameters and calculated time for sodium caseinate 

micelles to diffuse a distance equal to their diameter.  

cNaC [wt.%] a n λ [μs] tD [μs] 

1 -- -- -- 4.79 

2 -- -- -- 6.29 

3 445 0.88 4.98 7.96 

4 394 0.83 7.44 10.6 

5 1.25 0.81 11.8 14.9 

6 2.31 0.79 16.4 20.7 

7 3.17 0.80 19.0 27.5 

8 1.74 0.76 33.9 41.6 

9 2.01 0.74 53.9 63.2 

10 1.86 0.72 116 106 

11 1.09 0.63 123 190 

12 1.52 0.65 384 383 

13 1.21 0.56 526 856 

ηrel

𝜂𝑟𝑒𝑙 =
𝜂0

𝜂𝑠
ηs

η = 0.92 mPa∙s for =

η = 211 mPa∙s for =

=

𝜂𝑟𝑒𝑙 =
𝜂0

𝜂𝑠
= exp (

[𝜂] ∙ 𝑐𝑁𝑎𝐶

1 − 
𝑘

𝑣
 ∙ [𝜂] ∙ 𝑐𝑁𝑎𝐶

)

the value η

Χ η

η] = 0.15 – 0.16 dL/g 
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