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• Food industry constantly seeks cost effective as well as sustainable protein 

based liquid foods.

• Protein solutions made by blending the plant and dairy protein and creation of 

a ‘hybrid product’ will be reasonable approach.

• The novel ultra shear technology (UST) presents a promising way to blend 

protein solutions from different sources through high pressure and shear based 

mechanism.

• Previous studies indicated the treatment induces structural changes on fat 

globules and casein micelles in milk and alter the rheological characteristics.

• No known information is available on the effect of pressure, shear and 

temperature and their interactions in UST on the plant – dairy protein solution.

• Such knowledge will be useful to UST equipment engineers to design 

equipment components such as shear valve, hold tube, pumps to 

handle the product and food processors to develop of protein based 

products with different applications.

MATERIALS AND METHODS

RESULTS

OBJECTIVE

To study the effect of pressure, shear, temperature and their interaction 

during UST on rheological characteristics of protein solutions.

➢ Batch pressure and thermal only treatment did not alter the flow behavior of the solutions.

➢ UST and homogenization treatments altered the rheological characteristics depending on the protein proportion.

➢ For high protein samples, UST treatment resulted in increased viscosity than other samples.

➢ The pressure associated shear and temperature in UST assists texture modification in the protein solutions.

➢ Power law model can be used to characterize the flow behavior of protein solutions.

➢ The study demonstrates the variable effect of pressure, temperature, shear and interactions on the rheological behavior of 

protein solutions.

➢ The findings will be useful to processors to design UST process for protein-based liquid foods and engineers to design 

UST equipment components.
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Fig. 1: Bench-scale ultra-shear technology laboratory tester

Fig. 4: Storage modulus, G’ & Loss modulus, G’’ of protein solutions

Table 1: Rheological model parameters of protein solutions

INTRODUCTION

CONCLUSIONS

Pressure only!

No Shear!

tan δ was independent of frequency for longer 

range indicating solid-like behavior of high 

protein solutions treated by UST

Samples under HPP, Thermal 

treatments and Homogenization of 

1:0.5 & 1:1 showed behavior like 

untreated samples

Power law model – high 

correlation coefficient (R) 

and simplicity

For all samples, the viscoelastic 

properties G’ and G’’ increased 

with frequency; their magnitudes 

varied by protein concentration 

and treatments.

Pressure

400 MPa

Process temperature
i) 70°C – Thermal effect 

ii) 40°C – No thermal effect

2) Batch HPP - 400 MPa – 25 °C- 0 min

3) Thermal treatment – 0.1 MPa, 70°C / 0 min 

Analyses

Fig. 6: Viscosity as a function of the shear rate for protein solutions

Fig. 2: Need for minimally processed liquid beverages

4) Two stage Homogenization – 2000psi-500psi / 70°C 

5) Control - Untreated Milk : Pea – 1:0.5, 1:1, 1:3

o Pea protein powder – 80% protein

o Milk – 3.3% protein 

Source:

https://www.hiperbaric.com

Source:

https://www.hiperbaric.com

Fig. 3: Discovery Hybrid 

Rheometer HR3 (TA instruments)

Dynamic rheological measurements

i. Amplitude/strain sweep

ii. Frequency sweep

iii. Flow sweep

Models

1. Newton

τ – shear stress (Pa)

µ - viscosity (Pa.s)

ϒ – shear rate (1/s)

2. Power law

k - consistency index (Pa.s)

n - flow behavior index, n<1 –Pseudoplastic, n>1 -Dilatant, n=1 –Newtonian

3. Casson

koc - Casson’s initial tension (in Pascals)

kc - Casson consistency index (Pa.s)

4. Bingham

τ0 - initial shear stress (in Pascals)

ηp - Bingham’s consistency index (Pa.s)

Fig. 5: Tan δ of protein solutions

Protein solutions preparation 

Strain – 1%
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x - observed value

y - estimated value (from model)

̄x - mean of observed values

ȳ - mean of estimated values

Model selection


