
Acceleration of Fat Crystal 
Network Formation by Use 
of High Intensity Ultrasound

Introduction

High intensity ultrasound (HIU) has 
proven to be a promising technique 
to alter microstructure of fat crystal 
networks. Studies have shown that 
HIU treatment results in formation 
of smaller fat crystals in lipid model 
systems (anhydrous milk fat, AMF). 
However, the mechanistic causes of 
this are not clear. 

The aim of this study was to under-
stand the effects of HIU on fat cry-
stallization. We wanted to examine 
immediate effects of HIU on crystal-
lization, but also investigate whether 
the effects are stable during storage.  

Experimental setup:

HIU application: an ultrasonic pro-
cessor from Hielscher was applied. 
Parameters:  operating frequency: 
24 kHz; Power output:40W; 7 mm 
sonotrode; application time: 5s, appli-
cation temperatures: 22, 26 or 30°C.

Sample preparation: AMF was heat-
ed to 65°C  and cooled to 22, 26 or 
30°C (3°C/min), and HIU was ap-
plied. After HIU application, AMF was 
cooled to 5°C (0.5°C/min). 

Analysis: Samples were analyzes 
during cooling and after 7 days of 
storage at 5°C

Results

• HIU altered the crystallization be-
havior of AMF leading to a fractio-
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nated crystallization of low- and high melting fracti-
ons (Fig. 1). Furthermore, the crystallization began at 
higher temperatures(Fig. 1). 

 

• Development of solid fat (SF) in HIU-treated samples 
started at higher temperatures compared to the  un-
treated, and a generally higher SFC was  observed 
during cooling after HIU application (Fig. 2,  left). 

 
 
 
 
 
 
 

Figure 2: SFC of HIU-treated and untreated AMF as a function of tem-
perature during cooling  (left) and storage time (right).  HIU was ap-
plied at 22, 26 or 30°C, respectively.  

• Initially, during storage the rate of SF development  
was higher in  untreated samples than  in HIU-tre-
ated samples, resulting in a higher final SFC in untre-
ated samples at day 7 (10080 min.) (Fig. 2, right).
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• HIU-treated AMF was softer compared to un-
treated sample after storage (Fig. 3). This effect 
was especially observed when HIU was applied 
at higher temperatures.  

• HIU application resulted in a large reduction in 
crystal size independent of HIU application tem-
perature (Fig. 4). Crystal sizes were more uniform 
after HIU, whereas different sizes were seen in 
untreated samples.  

HIU application 
temperature (°C)
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Figure 4: Microstructure of AMF analyzed by polarized light mi-
croscopy after 7 days of storage at 5°C. A 10x magnification 
was used. 

Conclusions

The crystallization process is significantly affected 
by HIU; it is accelerated and crystallization onset 
shift towards higher temperatures when HIU is ap-
plied. The observed fractionation effect indicates 
that HIU especially affects  high melting fraction of 
TAGs as it starts to crystallize faster, however,  slow 
crystallizing fractions of TAGs are also affected 
since final SFC ends lower.  The magnitude of ef-
fect is influenced by degree of supercooling in the 
system; especially at low supercooling (30°C) the 
altered crystallization behaviors have clear effect 
on texture of AMF. 
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Figure 3: 
Hardness of 
HIU-treated 
and untre-
ated AMF 
after storage 
for 7 days. 
HIU was ap-
plied at 22, 
26 or 30°C, 
respectively.

Figure 1: 
DSC thermo-
graphs. Cry-
stallization of 
HIU-treated 
and untre-
ated AMF. 
22, 26 and 
30°C indica-
te HIU appli-
cation tem-
peratures.
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