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Results Liposome properties 

The high pressure did not change the 
liposome particle size, while the addition 
of glycerol increased or decreased it 
(depending on the treatment applied). 
The atomized (spray-dried) liposome 
offered a feasible alternative to the 
freeze-drying process.  
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Liposomes contributed to keep hydrated the 
myofribillar protein. 
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Dynamic oscillatory study in salt-ground muscle 

Control muscle (C) 

Muscle with liposomes: 

Fresh (F) 

High Pressure (HP) 

Freeze/Thawed (FT) 

Freeze/Thawed-Glycerol (FT-G)  

Freeze/Dried (FD) 

Freeze/Dried-Glycerol (FD-G) 

Atomized (A) 

LF-NMR-H1 analysis in salt-ground muscle 

The control myosystem had more disorganized 
structure, with less water inside the protein 
(T21) and possible ice crystals outside (T22). The 
liposome-miosystems kept more organized 
structure. Among them, FT-G was the worst 
(the only one liposome which showed peak T22) 
and HP was the best, with a higher amount of 
water inside the protein binding protein 
structures (T21). 

The role of phospholipids as nutritional 
compounds with beneficial health implications is 
well known. Phospholipids have functions of 
great importance for cellular maintenance, such 
cell membrane structure, signals transmission, 
etc. They could act as active compounds for the 
treatment of inflammatory and cardiovascular 
processes, neurological disorders, cancer, etc.  
Phospholipids have the ability to produce 
liposomes in aqueous dispersions. Liposomes are 
colloidal vesicular structures composed of one or 
more lipid bilayers that can act as target delivery 
carriers for both lipophilic and hydrophilic 
compound.  
In the present work, soy phospholipids in the 
form of liposomes, that were stabilized by 
different technological processes, have been 
added to hake minced muscle as an ingredient to 
develop gel-like functional foods. The impact of 
high pressure treatment (600 MPa), freezing, 
freeze-drying and spray-drying on liposome 
properties were determined. The effect of 
different liposomal preparations addition on 
water binding and thermal gelling properties of 
the salt-ground muscle was evaluated.  

Introduction 

Materials and Methods 

GEL 

2% salt; 1:2 
Liposome: muscle 

Mince 

Phosphatidylcholine Liposomes 

 Hake (M. merluccius)  

16h, 4°C 

soy lecithin Compounds 
hydrophobic 
hydrophilic 

 Lipid bilayer 
Aqueous core 

T2b1 reflects that all liposome-containing 
samples presented water more closely linked to 
the matrix than in the control. 
T2b2 shows that liposome addition modify the 
dissociation degree of the myosystem, except 
with HP liposomes, which rendered the same 
pattern to the control.  
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The frequency sweep test showed that liposomes fluidized the myosystems (higher power law exponent n´), reflecting less protein-protein interactions. The 

elastic modulus G’at 1 Hz of FT-myosystem was the lowest, coinciding with the greatest vesicle size.  
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Gel strength 

Control gels, produced at 60 and 80 °C, had higher gel 
strength than any liposome-containing gel, indicating 
higher protein heat-induced aggregation.   

  
n´ 

C   3568 ± 98B,C  0.134 

F 3000 ± 53B   0.161 

HP     3350 ± 265B,C   0.169 

FT 2044 ± 73A   0.175 

FT-G 3158 ± 79B 0.203 

FD   4118 ± 359C   0.149 

FD-G   4172 ± 336C   0.156 

A     3459 ± 330B,C 0.142 

  

Size  

(nm) 
ζ-Potential (mV) 

F 141.3 ± 1.9B   -44.8 ± 1.8B 

HP 141.4 ± 1.2B   -45.0 ± 1.7B 

FT   507.1 ± 12.6E   -39.6 ± 1.2C 

FT-G 123.3 ± 1.0A   -42.9 ± 1.8B 

FD 181.0 ± 5.2C   -44.3 ± 1.7B 

FD-G 274.6 ± 5.8D   -49.5 ± 1.0A 

A 177.9 ± 2.8C   -44.6 ± 0.6B 

Liposomes might interfere the formation of 
protein-protein interactions. 

Frequency sweep test Temperature sweep test 

Liposomes strongly modified the thermal gelation profiles of the salt-ground muscles. 


