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S1: Examples of typical HPP conditions used to process different foods 

Table S1: Examples of the different HPP conditions used to treat various foodstuffs.  

Food group Time (min) Temperature oC Pressure (MPa) Ref 

Tomato juice  1 75 600 [1] 

Apple and orange juice 1-3 20 500 [2] 

Soy Smoothies 3 20 450-650 [3] 

Aloe Vera Gel 3 20 400 [4] 

Kiwi puree 3 20-25 500 [5] 

Strawberry Juice 3 38 600 [6] 

Milk 3 30 600 [7] 
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S2: Water-impermeable clear plastic polymer film 

The water-impermeable clear plastic polymer film used to encapsulate the indicator 

components was provided by Sensor Indicator Products, and the cross-section schematic of 

the polymer film was given below: 

 

Figure S1: Cross section schematic of the water-impermeable clear plastic polymer film  
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S3: Pressure vs time profile of the Quintus Food Press HPP reactor, QFP 35 L-600 

A typical pressure versus time, and vessel temperature versus time profile used to test the HPP 

indicators is illustrated in Figure S2 below: 

 

 

Figure S2: A typical pressure vs time, and vessel temperature vs time profile of HPP reactor when 

pressure is set at 600 MPa and hold time is 3 min, where before pressurisation the vessel temperature 

is 21oC, and 32oC when it reached 600 MPa.  
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S4: Congo red (CR) 

Congo red is a well-known azo dye which changes colour at low pH due to protonation of its 

amino groups and results shifts of electrons in the aromatic ring and azo-bonds [8].  The 

position of amino group favours the formation of a relatively stable resonance form of ortho-

chinois derivative [9].  The protonation of CR amino groups takes place at pH 4.5–5.5 and is 

associated with spectral transition.  The positive charge, which appears as the result of 

protonation of the amino groups, balances the charge of sulphonic groups and decreases the 

repulsion between molecules.  The deprotonated (red) form and protonated (blue) form of 

the CR dye are shown in Figure S3. 

 

Figure S3: Structures of the deprotonated (red) and protonated (blue) congo red. 
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S5: Interference analysis of the CR ink film 

The interference method for measuring the thickness of non-tapered, uniform thin films was 

proposed by Swanepoel [10], who predicted that, such film would exhibit a spectrum that had 

a series of interference maxima and minima, as illustrated in Figure S4, with integer, α, values 

0, 1, 2, etc, starting from the longest wavelength peak, or trough. 

 

Figure S4: UV/vis absorption spectra of the CR ink film in ambient air and interference bands, α = 0 to 

6 are numbered and highlighted by the broken red lines. 

Swanepoel showed that, in such a system, α is related to the thickness of the film, b, via the 

expression [10]: 

                                                                       α/2 = 2b(nf/λ) - mo 

where nf is the refractive index of the film, λ is the wavelength of the peak or trough 

associated with the value of α and mo is the order number of the first extreme.  For example, 

from the data in Figure S4, seven α and λ pairs, were gleaned and then used to generate the 

subsequent straight-line plot, illustrated in Figure S5, of α/2 vs nf/λ, where nf was taken to be 

that of PVA, i.e. 1.575. [11]  From the gradient of this plot a value of 54.8 μm was obtained 

for b.  
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Figure S5: Plot of interference data from Figure S4 in the form of α/2 vs nf/λ. The gradient (= 2b) of 

the line of best fit is 109.5 μm, thus, b = 54.8 μm for the CR ink film. 

Since the thickness calculated above is the thickness of CR ink film with clear PET film that CR 

ink film coated on, same method was used to calculated the thickness of clear PET film.   

 

Figure S6: UV/vis absorption spectra of the clear PET film and interference bands, α = 0 to 4 are 

numbered and highlighted by the broken red lines. 

Using the data points shown in Figure S6, α/2 vs nf/λ plot is shown in Figure S7 where nf = 

1.575 and the calculated thickness of the clear PET film b = 51.8 μm.  Hence the thickness of 

the CR ink film alone is 3 μm. 
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Figure S7: Plot of interference data from Figure S6 in the form of α/2 vs nf/λ. The gradient (= 2b) of 

the line of best fit is 103.6 μm, thus, b = 51.8 μm for the clear PET film. 
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