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ABSTRACT 
 
Heba Hassan Abd El-Azim Salama. Use of milk proteins as a natural 
nano-capsular vehicle for active components. Unpublished Doctoral 
of Science Thesis. Food Science Department, Faculty of Agriculture, 
Ain Shams University, (2013).  

 
Nanoparticles of whey proteins were prepared with the aim of 

developing a biocompatible carrier for the oral administration of iron and 
fatty acids as a nutraceuticals. In first part of study, possibility of 
nanoparticle preparations and its use as a vesicle were characterized for 
particle size and morphology, zeta potential, loading and association 
efficincy; encapsulation capacity and in vitro iron release of chitosan-
whey protein (CS-WP) nanoparticles. Electron microscopy image 
analysis for CS-WP nanoparticles showed that the particle size ranged 
between 13 and 70.6 nm, with an average size of 44.41nm. The formed 
nanoparticles were appeared spherical in shape with smooth surfaces. 
Zeta potential values versus pH of the CS-WP were generally changed 
from positive to negative as the pH raised from 4.5 to 7.5. Zeta potential 
at pH 4.5 with all iron ratios showed positive charge that increased with 
loading iron onto the particles. Association efficiency (AE) values were 
increased by increasing the pH value, while it was decreased by 
increasing WP concentration. Loading efficiency (LE) was enhanced by 
increasing the concentration of WP and the maximum LE value was 
recorded at pH 6.5. The association efficiency (AE) and loading 
efficiency (LE) of CS-WPC nanoparticles were highly sensitive to pH. No 
significant differences were found in encapsulation capacity (EC)  of iron 
at different pH values with different protein and iron concentrations, and  
the values ranged between 99.746 to 99.998 % in all experiments. In 
vitro, release of iron was very slow from CS-WP nanoparticles after 6 h. 
of incubation without or with enzyme being less than 1% in all 
treatments. Bioavailability of iron was improved by application of 



nanoencapsulation into CS-WP nanoparticles due to the low relase in 
simulated gastric conditions. 

The cytotoxicity of formulated nanoparticle complexes of 
different fatty acids (oleic, eliedic, Cis-vaccenic, Trans-vaccenic and 
linolenic acids) in the presence or absence of different whey proteins 
fraction and preparation (α-LA, β-lg or WPI) were investigated in second 
part of study. Nanoparticle complexes formed with each fraction were 
examined for surface tension, circular dichroism (CD), turbidity, 
isothermal titration calorimetry (ITC) and Cytotoxic activity. Surface 
tension values were decreased with adding fatty acid to α-LA, β-lg and 
WPI. The values obtained were lower in WPI/fatty acid complexes than 
that of β-lg or α-LA. This would indicate that WPI can bind greater 
amount of fatty acid than β-lg or α-LA. Cis-fatty acids such as oleic, cis-
vaccenic and linolenic caused higher decrease in the surface tension of α-
LA, β-lg and WPI nanoparticles than that of trans-fatty acids (eledic and 
trans-vaccenic acids). The tertiary structure of proteins (α-LA, β-lg or 
WPI) was lost and changed from fold to unfold after binding with fatty 
acids. The changes in proteins structure would be correlated to exhibit a 
cytotoxic activity to tumer cells. All formed protein (α-LA, β-lg or WPI) 
/fatty acid complexes presented lower turbidity measurements compared 
to the fatty acid only at same concentration. The turbidity values for 
nanocomplexes of WPI/fatty acids were lower than that of α-LA or β-
lg/fatty acids confirming higher ability in binding fatty acids. The 
enthalpogram of ITC for β-lg/fatty acid complexes confirmed that there 
was a reaction occurred between the protein (α-LA, β-lg, WPI) and oleic 
acid. The enthalpy increased with increasing the protein concentrations. 
ITC of β-lg complexes showed lower ability to bind oleic acid (0.669 
mM/1 mg/ml) compared to α-LA (1.177 mM/ml). All nano complexes 
formed of α-LA, β-lg or WPI/fatty acids exhibited a cytotoxic ability as a 
lysis in erythrocytes. The cytotoxic activity of WPI/fatty acid complexes 
was almost as found with α-LA complexes and slightly higher than of β-
lg complexes. Nanocomplexes can be formed of α-LA, β-lg as well as 
WPI with good cytotoxic effect to tumer cells using cis-vaccenic and 



linolenic fatty acids comparable to oleic acid. It was a new interesting 
observation being that the nanocomplexes formed of WPI with fatty acids 
has a comparable cytotoxcisty to that of α-LA and β-lg and can be used in 
tumer therapy. 

 
Keywords: Nanoparticles; Whey proteins; Iron; bioavailability; α-LA; β-

lg; Fatty acids; Surface tension; Circular dichroism; 
Turbidity; Isothermal titration calorimetry (ITC; 
Cytotoxicity; Loading efficiency; Association efficiency; 
Encapsulation capacity.  
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