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Figure S1 shows the timings used in the crystallisation experiments.
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Figure S1.  Schematic representation of the timings and temperature of the APS sample during the 
cooling/crystallisation experiments.  The cooling of the sample (█) is aided by mechanical stirring 
of the sample (note the stirring stops at 7 min for that particular experiment).  An estimate (based 
on manual inspection of the cooling profile with a digital thermometer) of the cooling profile is 
shown (▬ ● ▬).  HIU (75 W, 10 s) was applied at different times (○) during the experiment.  
Microscope images were recorded at different times (○, ●) through the entire experiment.

The terminal velocity of bubbles is a rather complex topic with a number of factors to consider1–4.  
The size of the gas bubble as well as the degree of advantageous materials at the surface can alter 
the velocity quite considerably.  The terminal velocity () of a bubble can be given by equation (1).  
Note here we assume an approximate form for the size range of interest in the oil systems and that 
the interface is clean5 and free of nanocrystalline TAG6 molecules. 

𝑣 =
𝑔𝑟2(𝜌𝑙 ‒ 𝜌𝑔)

3𝜂
       (1).
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where g is acceleration due to gravity (9.81 m s-2), r is the bubble radius (m), l and g the density of 
the fluid and gas respectively (kg m-3) and  the viscosity of the fluid (kg m-1

 s-1).  Using the measured 
viscosities of APS, figure S2 (a) shows the terminal velocity of bubbles as a function of size while 
figure S3 shows the effect of temperature on the terminal velocity of a 100 µm radius bubble as a 
function of temperature (which in turn changes the viscosity). 
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Figure S2.  Plot showing the calculated terminal velocity of a nitrogen gas bubble as a function of 
size by applying equation (1).  Here the viscosity at 30°C (0.03291 kg m-1 s-1) is used along with an 
assumed density of the fluid of 919 kg m-3 and the gas 1.12 kg m-3.  Here atmospheric pressure is 
assumed to be 101 kPa.
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Figure S3.  Plot showing the calculated terminal velocity (○) of a 100 µm radius nitrogen gas bubble 
as a function of temperature by applying equation (1).  Here the viscosity of APS was employed at 
each temperature along with an assumed density of the fluid7 of 919 kg m-3.  Here atmospheric 
pressure is assumed to be 101 kPa.  The trend line is added for a visual aid only.

To calculate the time taken for a nitrogen gas bubble to dissolve in APS, the approach developed by 
Epstein and Plesset was adopted8.  Under this assumption, for nitrogen saturated media, the 
dissolution time can be calculated using equation (2).

𝑡𝑑𝑖𝑠 =
𝑅2

0(1 + 𝛿)

3𝜅𝐷𝛿
     (2)

Here,  and  are defined as follows.

𝛿 =
𝜏

𝑅0𝜌𝑔

𝜏 =
2𝑚𝛾
𝑅𝑇

where R0 is the initial bubble size (m),  is the Ostwald constant9 for the gas in the media (0.07 for 
oil, 0.016 for water), m is the molecular mass of nitrogen (0.028 kg mol-1),  is the surface tension 
(assumed7 to be 0.0327 N m-1 for oil. 0.072 N m-1 for water), R is the gas constant (8.314 J K-1 mol-1), 



D the diffusion coefficient of molecular nitrogen in oil (4.7 x 10-11 m2 s-1) g is the density of nitrogen 
inside the bubble in the absence of surface tension effects (1.15 kg m-3) and T  the temperature (295 
K).  Note the values are taken for food oils under similar conditions.   The diffusion coefficient of N2 
in APS is calculated assuming a value10 in water of 2.2 x 10-9 m2 s-1 at 295 K and applying the Stokes 
Einstein relationship11.  Here we assume that the hydrodynamic radius is the same in both media.  
Exact values for some of these parameters are unknown hence, the values stated are for other food 
oils in this case and can be found in the referenced literature. 

Figure S4 shows the dissolution rate in oil compared to water.
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Figure S4. Plot showing the estimated dissolution time apply the theory developed by Epstein and 
Plesset to nitrogen bubbles as a function of the initial bubble size.  The plot shows the values for oil 
(▬) and water (▬) for comparison.  Both curves were calculated at 295 K.

Figure S5 shows the material characteristics of the samples treated with/without ultrasound and 
with additions of crystals to the media.



Figure S5.  Plots showing elastic modulus (G’, ▬)) and hardness (HA, ▬)) measurements recorded 
for APS crystallised in presence of pre-crystallised APS material (10 ml crys) and with(w) or 
without(wo) HIU treatment. For non-sonicated samples agitation (200 rpm) was employed to briefly 
combine the added crystalline material with existing APS sample. Values are recorded from three 
repeat crystallisation experiments and expressed as mean 95 % CL. Values labelled with different 
superscript lettering indicate significant differences (p < 0.05).

Figure S6 shows the corresponding PLM images.

Figure S6. Crystal microstructure of all-purpose shortening (APS) crystallised in the presence of pre-
crystallised APS material (10 ml crys) and with(w) or without(wo) HIU treatment. For the non-
sonicated sample agitation (200 rpm) was employed to briefly combine the added crystalline 
material with existing APS sample. The scale bar represents 100 µm.
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