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Fig. S1. Principle of superimposing several oscillation frequencies in multi-wave tests. (a) Strain 
over time for three different frequencies (grey: 𝜔𝜔 = 1 rad/s; violet: 𝜔𝜔 = 5 rad/s; green: 𝜔𝜔 = 10 rad/s). 
(b) Strain over time for a multi-wave test with a fundamental frequency 𝜔𝜔 = 1 rad/s (grey) that was 
superimposed with the 5th (𝜔𝜔 = 5 rad/s) and 10th (𝜔𝜔 = 10 rad/s) harmonics (green). The peak strain 

(𝛾𝛾𝑚𝑚𝑚𝑚𝑚𝑚) resulting from the superposition is indicated. 

 

 

 

Fig. S2. Development of storage modulus (𝐺𝐺′; black) and shear stress (𝜏𝜏; grey) in strain sweep 
experiments of acid-induced gels of uncross-linked sodium caseinate. Stress at fracture (𝜏𝜏𝑓𝑓), strain 

at fracture (𝛾𝛾𝑓𝑓), storage modulus at fracture (𝐺𝐺𝑓𝑓′) and storage modulus in the linear viscoelastic 
region (𝐺𝐺0′ ) are indicated. 
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Fig. S3. Mean square displacement (𝑀𝑀𝑀𝑀𝑀𝑀) of acid-induced gels from uncross-linked sodium 
caseinate as a function of decorrelation time. The arrow indicates a pH decrease from 5.2 to 4.3 

during acidification with 30 mg/g glucono-δ-lactone at 30 °C. 

 

 

 

Fig. S4. Turbidity (1/𝑙𝑙∗) of cross-linked sodium caseinate (NaCn) solutions without added salt (white 
symbols), and with 0.1 mol/L NaCl (grey symbols) or 0.015 mol/L CaCl2 (black symbols) after 
incubation with 3 U microbial transglutaminase per g protein at 40 °C. Different letters (a-d) 

indicate statistically significant effects of incubation time on 1/𝑙𝑙∗ (𝑝𝑝 < 0.05). * indicates significantly 
higher 1/𝑙𝑙∗ of NaCn solution with CaCl2 (𝑝𝑝 < 0.05). No statistically significant differences were found 

between solutions of NaCn and NaCn with added NaCl (𝑝𝑝 < 0.05). 
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Fig. S5. Frequency dependency of a 60 g/kg sodium caseinate gel prepared at 25 °C using 
0.8 g/kg glucono-δ-lactone. Figure 2 from Chen et al. (1999) J Texture Stud 30:377–396 was 

replotted as loss factor (tan𝛿𝛿) over angular frequency (𝜔𝜔). The dotted line is a polynomial fit 
(tan𝛿𝛿 = 𝑐𝑐1 + 𝑐𝑐2 (log𝜔𝜔) + 𝑐𝑐3 (log𝜔𝜔)2; 𝑅𝑅2 = 0.98). 

 


