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Abstract The interaction of SDS/SDBS in aqueous gel-

atin solutions is studied above the gelation temperature by

viscosity and circular dichroism (CD) measurements. The

steep rise observed in the relative viscosity can be due the

structural transitions leading to micellar growth of higher

order. Circular dichroism spectra indicated that gelatin

helped in inducing the sphere?rod transition, without

suffering any conformational changes within it. The find-

ings are particularly significant in terms of the head group

contribution, hydrophobic interaction and the formation of

formulated complexes.

Keywords Gelatin � SDS � SDBS � Viscosity �
Circular dichroism

Introduction

Interactions between surfactant molecules and synthetic or

natural polymers have been studied extensively over the

past several decades. These interactions have received

considerable attention because of their ability to impart

significant changes to the interfacial, rheological and

physico-chemical properties of polymer systems with

important implications in various applications [1–8]. Sur-

factant–polymer interactions involve various modes of

association facilitated by dipole–dipole or ion–ion forces.

Six possible types of association involving either individ-

ual surfactant molecule or surfactant clusters (micelles)

were discussed by Nagarjan and Kalpaki [9]. NMR and

neutron scattering studies on mixtures of non-ionic poly-

mers with ionic surfactants showed a systematic drop in the

critical micellar concentration (cmc) and a moderate

increase in viscosity suggest the existence of polymer–

micelle complexes. When both the surfactant and the

polymer are charged the interactions are dominated by

strong Coulombic forces. Generally the interaction of a

surfactant with an oppositely charged polyelectrolyte

results in precipitation [10]. Solubility of the polymer is,

however, possible at lower concentrations of the surfactant

where complexation is not extensive. At higher concen-

trations the complex is solubilised by excess of surfactant.

Because of the unique electrolytic character of proteins,

phenomena involving protein–surfactant interactions are

especially intriguing. The ability of surfactants to denature

and precipitate globular proteins and the disinfecting action

of the cationic detergents on bacteria is reported [11, 12].

However, it is not possible to generalize about the conse-

quences of interactions of proteins with surfactants due to

the diversity of polypeptide structures. The proteins have a

net positive charge below the isoelectric point (IEP) and

can be considered as cationic polymers. The interactions

with anionic surfactant are dominated by precipitation

phenomena. Above the IEP, interactions lead to the for-

mation of fully solubilized stable complexes and this can

lead to drastic changes in the protein molecule in solution.

In this study, interactions were explored between gelatin, a

well-characterized denatured protein in varying percentage of

compositions with anionic surfactants, SDS and SDBS over

wide range of concentrations. Viscosity is used as a main tool,

which is convenient and particularly effective in probing
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morphological transitions (sphere?higher orders). The par-

ticular interest in this work (gelatin-SDS/SDBS system) is the

use of gelatin for the production of microcapsules in o/w

emulsions using a coacervation process, which consists prin-

cipally of the precipitation of the protein by addition of an

oppositely charged surfactant. Emphasizing the solubiliza-

tion–precipitation transition, studies have explored the

dependence on pH and surfactant/gelatin ratio, establishing a

general concept of making microcapsules by forming an

insoluble protein surfactant layer around the oil droplets.

Thinking about new encapsulation processes, the layer by

layer construction of shell about nanoparticles, it is necessary

to establish more clearly the surfactant/protein ratio range

where the complex adsorbs well on to the substrates because of

its amphiphilic properties, but does not precipitate. The mea-

surement of the equilibrium between bound and free surfactant

concentrations is also important, because the latter part may

unfavorably interact with further introduced molecules.

Experimental Procedures

Sample Preparation

Gelatin, which is denatured collagen, is a cheap and readily

available polypeptide. An alkali processed deionized bone

gelatin (LOBA Chemie for bacteriology, India) was used as

received. Gelatin solutions were prepared by weighing the

required amount of gelatin flakes and soaking in hot water

(*40 �C) with stirring. The concentrations quoted here are

in weight percentage of gelatin. SDS (Merck, India) and

SDBS (Tokyo Kasei Kogyo Co., Ltd., Japan) were used as

supplied. The surfactant solutions were prepared by

weighing out the requisite amount each time and dissolving

it in a freshly prepared gelatin solution. The sample solu-

tions after proper mixing were left for equilibration for

24 h. Deionized distilled water from Millipore (Milli-Q;

18 MX) was used for all the experiments.

Viscosity Measurements

The viscosities of the solutions were measured using an Ost-

wald viscometer thermostated at 35 ± 2 �C under Newtonian

conditions. The solutions were kept at this temperature for at

least 30 min to attain thermal equilibrium. At this tempera-

ture, gelatin is characterized macroscopically as a random

coil in dilute solutions with a length of *20 Å [13–15].

Circular Dichroism (CD)

The CD spectra are expressed in terms of molar ellipticity

[16] for the pure aqueous solution of gelatin solution and

samples equilibrated with alcohols were analyzed at 35 �C

using a Jasco spectropolarimeter. A scan speed of 20 nm

min-1 was used with an average of five scans per sample.

A slit width of 1 nm and a time constant of 1 s were used in

a 1 mm cell for the samples.

Results and Discussion

Figures 1 and 2 provide a global view of the relative vis-

cosities of SDBS and SDS at different percentage

compositions of gelatin (0, 0.5, 1.0, 1.5 and 2% wt) at

35 ± 2 �C. These curves trace the relative viscosity of the

surfactant doped gelatin (Sg) versus surfactant concentra-

tion, Cs where the relative viscosity is defined as ratio of

viscosity of the surfactant doped gelatin solution to that of

bulk gelatin solution. A regular increase in viscosity with

increase in concentration of SDS and an abrupt change in

case of SDBS were noticed. Minimum concentrations of

SDS and SDBS were sufficient for the viscosity rise, with

an increase in the percentage composition of the gelatin.

Gelatin, the biopolymer, is a polypeptide with the rep-

resentation (Gly-X-Pro)n, where X stands for amino acid

residues. On interaction with SDS, it interacts electrostat-

ically with the charged sites of the gelatin. This may help in

the reduction of electrostatic repulsions within the bio-

polymer and can result in coiling. The hydrophobic parts of

the surfactants are affected by this coiling and they come
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Fig. 1 Variation of the relative viscosity of SDS as a function of
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closer resulting in the formation of aggregates denoted by

the marginal increase (region I).

Surfactants do not present any CD signal in the spectral

range 190–260 nm and thus the observed CD is for the

biopolymer alone. At low surfactant concentrations [Fig. 3

(2)] little change in the ellipticity is observed and it

increases with the increase in surfactant concentration

[Fig. 3 (3)]. The CD data (Fig. 3) support this presumption

that gelatin induces the micellar aggregation without hav-

ing any structural changes within it. Preferential adsorption

on the biopolymer is believed to lead to the formation of

micellar aggregates. DLS studies [13] of the system also

support the contraction of the coil size leading to the for-

mation of a more compact coil in a surfactant concentration

up to 8 mM. In addition, the radius of the SDS–gelatin

complex is found to increase continuously. The increase in

viscosity can be an onset of an association of the polymer

with SDS. The micelles at this stage act as transient cross

links, i.e., inter polymer association is possible. The

influence of repulsive interactions between the negative

charges carried by the excess SDS molecules correspond-

ingly makes the complex strongly hydrophilic and

therefore it is displaced from the interface by free SDS

molecules.

For constant gelatin concentration and varying SDBS

concentration, the relative viscosity shows a regular and

steep increase (Fig. 2). The large changes in viscosity over

the concentration range studied underlie the strong

molecular interactions in the gelatin–SDBS system and its

dependence on (SDBS). This can be because of the extra

benzene ring in the SDBS monomer. The head groups

cannot come closer because of the repulsive interactions of

the p-electron cloud of the ring present near the surface of

the micelle. A marginal change in viscosity (growth I)

leading to an abrupt increase (growth II), were identified

from the plot, but the growth in the two regions were

observed to be at a different rate. Here the spherical

micelles present originally might have grown in size

(region I) which changes to higher order aggregates (region

II) giving rise to viscous solutions at a higher range.

CD spectra with SDBS–gelatin (Fig. 4) showed an

increase in ellipticity, suggesting that the micelle can either

bind intra molecularly, i.e., within a gelatin molecule, or it

can bind cooperatively with two or more molecules to form

a large complex. Because of the highly cooperative nature

of the binding process, saturation can be achieved only

with a large excess of binding sites, i.e., high gelatin

concentration, Cg with no screening. At higher (SDBS),

growth increases with Cg indicates that accessible binding

sites are depleted. If (gelatin) is not sufficiently high, the

complexation process will not be complete, i.e., some

molecules will remain unbound and the complex will
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Fig. 3 Circular dichroism spectra on the effect of SDS on gelatin in

the wavelength region 260–190 nm. Gelatin alone (1), gelatin + SDS

at low concentration (2), gelatin + SDS at high concentration (3)
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Fig. 4 Circular dichroism spectra on the effect of SDBS on gelatin in

the wavelength region 260–190 nm. Gelatin alone (1), gelatin+SDBS

at low concentration (2)
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contain a lower number of gelatin chains. CD measure-

ments in the presence of concentrated SDBS solutions were

not performed due to high scattering in the entire wave-

length region.

These observations underline some important charac-

teristics of the thickening response of gelatin in the

presence of the surfactants used. It was further noticed that

the extent of thickening is a function of gelatin/

SDS(SDBS) concentration and their interaction is governed

by Coulombic forces between the anionic group of the

surfactant and positive charges along the gelatin molecule.

These charges are most likely the protonated amino and

guanidine groups in the arginine and lysine amino acids

which are present abundantly in gelatin molecule [17].

Thus gelatin promotes the structural transitions of the

surfactants without suffering any conformational changes,

as confirmed by CD measurements.
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