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h  i  g  h  l  i  g  h  t  s

� The  dynamic  surface  elasticity  of
mixed  solutions  of �-casein  and  sur-
factants  was  measured.

� The  kinetic  dependencies  of  the
dynamic  surface  elasticity  have  a  few
local  maxima.

� The  height  and  position  of  the  peaks
give  information  on  the  protein  dis-
placement  from  the surface  and
protein–surfactant  interactions.
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a  b  s  t  r  a  c  t

The  dynamic  surface  elasticity  of  mixed  solutions  of  �-casein  and  surfactants  of different  chemical  nature
was measured  as a function  of  surface  age  and  surfactant  concentration  with  the  aim  to elucidate  the
influence  of  non-ionic  interactions  between  the  components  on  the  dynamic  surface  properties.  Small
admixtures  of  the  amphiphilic  non-ionic  polymer  poly(N-isopropylacrylamide)  (PNIPAM)  did  not  influ-
ence  the  dynamic  surface  elasticity  and  the  surface  properties  of  the  solution  were  entirely  determined
by  the  adsorbed  protein.  The  corresponding  kinetic  dependencies  of  the dynamic  surface  elasticity  have
two local  maxima.  The  increase  of the  polymer  concentration  resulted  in the  appearance  of  a  third  local
maximum  in  the  surface  elasticity  corresponding  to  the  polymer  adsorption.  In this  case  the  height  and
position  of the  second  peak  in  the  kinetic  curve  of  the  surface  elasticity  were  changed  noticeably  indi-
cating  interactions  between  the  components.  The  increase  of  the  surfactant  hydrophobic  chain  length
in  the  case  of small  additions  of  cationic  surfactants  of  low  molecular  weight  increased  the  hydropho-
bicity  of  the  formed  protein/surfactant  complex  and  also  led  to  changes  of  the shape  of  the dynamic
surface  elasticity.  The  application  of  the  scanning  probe  microscopy  indicated  different  mechanisms  of
the �-casein  displacement  from  the  liquid  surface  by  the  surfactants  of  low  and  high  molecular  weights,
correspondingly.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Different protein systems in nature or in industry are usually
complex mixtures with properties determined by the interac-
tions between the components. The formation of complexes
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in aqueous solutions between proteins and surfactants of low
molecular weight or between proteins and different polymers,
mainly polysaccharides, has been intensively studied in recent
years [1–3]. Although the surface properties of mixed solutions
containing proteins are extremely important for various applied
problems, for example, for the stabilization of foams and emul-
sions, any information on the influence of admixtures of different
chemical nature on the protein conformation at the interface is
rather scarce. Some attention has been paid recently only to the
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