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Abstract: The relation between the molecular mass distribution of gelatin and 
its effectiveness in stabilizing emulsions of dibutyl phthalate and dodecane in 
water have been investigated. The molecular mass distribution was determined 
using gel permeation chromatography. The ability of gelatin samples to stabi- 
lize emulsions was investigated by observing the coalescence of macroscopic oil 
droplets in a special device. The results show that all samples with a content of 
more than 30 wt.-% in the low-molecular mass range are good stabilizers, 
whereas the stabilizing ability is diminished drastically by decreasing the low 
molecular mass content below 30 wt.-%. Mechanisms for the stabilization and 
rupture of the thin water film between the oil droplets are discussed, especially 
in the case of gelatin adsorption layers at the film interfaces. A model is given 
for the qualitative explanation of the dependence of the stabilizing ability of 
gelatins on the molecular mass distribution. 
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Introduction 

Gelatin is known to be an effective agent in 
stabilizing disperse systems, e.g., emulsions. The 
stability of emulsions and foams is closely related 
to the stability of the thin water films separating 
the oil droplets or the bubbles. The stability of 
these interlayers is determined mainly by the 
properties of the adsorption layers of the surface- 
active substances at the film interfaces. So far, the 
properties of the adsorption layers of gelatin and 
other proteins have been the subject of many 
investigations on the stabilization of emulsions 
and foams. A relation between the interface vis- 
cosity and the stability of thin water interlayers 
was observed in a number  of investigations [1-6]. 
The influence of the adsorption layer composition 
was determined for different proteins and protein 
mixtures [5, 7, 8] as well as mixtures of proteins 
with surfactants [9]. Thickness measurements of 
thin liquid films were used for investigating the 
electrostatic component  of the stabilization 

caused by different proteins, particularly in rela- 
tion to the pH-value [6], and for estimating the 
gelatin adsorption layer thickness [10]. 

Unlike the better defined proteins, the gelatin 
samples can be of very different quality owing to 
differences in raw materials as well as their 
methods of preparation. These differences are 
caused mainly by different molecular mass distri- 
butions of the gelatin samples. The differences in 
the gelatin properties, however, should also have 
some effect on the stabilization of emulsions. 

In this study the relation between the molecular 
mass distribution of gelatin and its ability to sta- 
bilize emulsions of dibutyl phthalate and 
dodecane in water has been investigated and the 
mechanism of stabilization by gelatin adsorption 
layers will be discussed. Dibutyl phthalate is used 
as solvent for hydrophobic dye-forming couplers 
in the photographic industry. For  the application 
in photographic film production this dye-forming 
coupler/dibutyl phthalate solution is generally 
emulsified in aqueous gelatin solution. 
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Experimental 

Samples were taken from commercial lime-pro- 
cessed gelatin (Gelatinewerk Calbe AG). This 
gelatin was prepared in the common manner [11]. 
The raw material, demineralized bruised cattle 
bones, was treated with saturated lime (a suspen- 
sion of freshly hydrated CaO) for 40 to 50 days. 
From this precursor different gelatins were ex- 
tracted with water at increasing temperatures 
from 50 ~ to 80 ~ The extracted gelatin solutions 
were concentrated to about 20%, chill-set, cut, 
and finally dried. Differences in the quality of 
the gelatin samples were caused by the different 
liming time and extraction temperature. 

The molecular mass distribution of the gelatin 
samples was measured by gel permeation 
chromatography with Sepharose CL-6B [12]. 
The ratio of the portions in the samples was 
determined for the following molecular-mass re- 
gions: 

peptides I < 30 kD 
peptides II 30-80 kD 
region of c~-,/~-, 7-chains and 80-340 kD 
e-,/~-, 7-peptides 
oligomers of the e-chains I 340-615 kD 
with n > 3 
oligomers of the e-chains II 615-900 kD 
with n > 3 
microgel > 900 kD 

Different methods have been employed for in- 
vestigating the coalescence stability of emulsions. 
Beside investigations with measurements of the 
volume part of the separated oil phase, the obser- 
vation of the single droplet-droplet coalescence 
was favored (e.g., [-13-15]) because of the advan- 
tage of a clearly defined model. The observation of 
the coalescence of microscopic droplets at 
a planar water-oil interface was also used for the 
characterization of the stabilization ability of ad- 
sorption layers [5]. 

In this paper the ability of gelatin to stabilize 
emulsions of dibutyl phthalate (technical grade) in 
water has been investigated by observing macro- 
scopic droplets in a special device [16]. The essen- 
tial part of this apparatus (Fig. la) consists in 
a U-shaped capillary glass tube (4) filled with oil. 
This tube was dipped into a small thermostated 
vessel (6) containing the gelatin solution. All ex- 
periments were accomplished at 22~ unless 
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Fig. 1. a) Observation of droplet coalescence. 1) screw with 
piston for manipulation of the oil droplets; 2) fixture for 
screw with piston; 3) upper part of the measuring cell; 4) 
capillary tube, the tube has to be filled with oil without air 
bubbles; 5) slit for formation of droplet contact; 6) vessel for 
solution of gelatin; 7) thermostated jacket; 8) holding part. b) 
Oil droplets in the tube near the slit 

otherwise stated. The slit (5) made in one of the 
branches of the capillary tube was also filled with 
gelatin solution. In the capillary tube, near the slit, 
two oil droplets (ca. 0.5 mm in diameter) were 
formed (see Fig. lb). These droplets can be 
brought into contact in the slit by turning the 
screws (1), thus pushing a small piston into the oil 
reservoir or drawing it out. However, a thin film 
of aqueous solution, at least in the beginning, 
remains between the droplets and prevents their 
coalescence. In the experiments described in this 
paper the first droplet contact was initiated 
20 rain after droplet formation to allow sufficient 
adsorption of gelatin. Then the coalescence test 
was repeated 10 times with intervals of about 
1 rain. 

At small concentrations of gelatin in the solu- 
tion and, therefore, small amounts of adsorbed 
gelatin the adsorption layers cannot stabilize the 
film of solution between the oil droplets so that 
the  droplets melt into each other after a short 
time. By microscopic observation, the lifetime of 
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the disjoining film can be measured. The mean 
lifetime (an average of ten tests at each gelatin 
concentration under the same conditions) is deter- 
mined at a gradually increasing concentration of 
gelatin in aqueous solution. As the adsorption 
increases with increasing gelatin concentration, 
the adsorption layer becomes more and more 
dense. Consequently, the lifetime increases 
sharply in a narrow interval of gelatin concentra- 
tions. Above a certain concentration the lifetime is 
very high or infinite. This we called the concentra- 
tion C~tab required for stabilization. It is the lowest 
concentration for stabilizing the droplet interlayer 
over a mean time of 100 s. 

The coalescence test method used here allows 
a simple and fast investigation of the parameters 
of the coalescence process (kind and concentra- 
tion of the stabilizer, oil, electrolyte concentration, 
and temperature). 

Sodium chloride (p.a., heated for 6 h at 600 ~ 
was added to the solutions in a concentration of 
10-2 tool/1 to diminish the contribution of electri- 
cal double-layer repulsion to the stabilization of 
the film. As we used desalinated gelatins exclus- 
ively, the ionic strength of the solution was only 
due to the added electrolyte. As the isoelectric 
point of the gelatins (4.8-5.1) was near the pH of 
the solutions (5.7), the adso~'bed molecules were 
virtually uncharged. Under these circumstances 
double-layer repulsion should play only a marginal 
role and the stabilization of films should be caused 
by steric repulsion of the adsorbed gelatin layers. 

Results and discussion 

Table 1 presents data of the molecular mass 
distribution measured for 11 gelatin samples to- 
gether with the Cstab values obtained from the 
coalescence investigations. For three gelatin sam- 
ples (5/10/11) Cstab was also determined at 45 ~ 
with dibutyl phthalate as oil. Raising the temper- 
ature to 45 ~ increases C~tab for each of the sam- 
ples to nearly twice the amount at 22 ~ but the 
ratio between the samples remains constant. 

The minimum concentration for stabilizing 
emulsion films differs in the range of 0.08-1.6 g/1 
(Table 1). Figure 2 shows the dependence of 
Cstab o n  M80_340 (the portion of gelatin molecules 
in the molecular mass range from 80 to 340 kD). 
All samples with M8o_34  o higher than 30% are 
good stabilizers (small value of C~tab). If 
M8o- 340 is less than 30% the required concentra- 
tion for stabilizing emulsion films increases drasti- 
cally. In contrast to this, the concentration 
Cstab increases with increasing content of oligomer 
II (615-900 kD) in the samples (Fig. 3). This tend- 
ency is not restricted to dibutyl phthalate; it has 
also been observed for dodecane. 

The surface activity of different proteins can be 
very different as, for instance, shown in [7] for 
gelatin and sodium caseinate. Caseinate is much 
more surface active than gelatin. As all gelatins 
were prepared by destruction of the same raw 
material, the gelatin chains should have the same 
ratio of the hydrophilic and hydrophobic groups. 

Table 1. Relation between the molecular mass distribution of gelatin and concentration to prevent droplet-droplet coalescence 

Gelatin Content of molecular mass ranges in wt-% 
Sample Peptides cq~7-chains Oligom. I Oligom. II Microgel 
number < 30 30-80 80-340 340-615 615-900 < 900 

kD kD kD kD kD kD 

Concentration of stabilization 
Cst~b (q/l) 
dibutyl phthalate dodecane 

1 7.1 5,1 11.6 14.2 55.8 6.1 
2 4.0 7.3 21.1 16.1 42.0 9.6 
3 7.4 6.8 18.1 15.7 41.6 10.4 
4 10.3 8.2 23.8 23.5 31.9 2.5 
5 6.3 5.9 21.2 12.1 42.1 11.4 
6 10.1 7.8 24.6 21.1 32.4 3.8 
7 14.8 15.4 34.8 15.1 18.6 1.2 
8 8.1 15.1 31.4 18.6 23.4 3.4 
9 2.7 9.8 43.0 16.4 21.5 7.4 

10 3.0 7.7 51.0 16.6 19.2 2.5 
11 7.8 9.8 36.4 15.9 26.8 2.3 

1.6 0,35 
0.95 
0,72 
0.65 
0.35 
0,18 
0.18 
0.15 
0.13 
0.12 0.11 
0.08 0,09 
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Fig. 2. Dependence of the concentration Cst.b required for 
the stabilization of thin films between two droplets of dibutyl 
phthalate on the content (wt-%) of the molecular mass range 
of 80-340 kD in the gelatin samples (the dotted line shows 
the dependence according to the theoretical model discussed 
below) 
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Fig. 3. Cstab as a function of the content of the molecular 
mass range of 615-900 kD in the gelatin samples 

This was shown in [17] for gelatin molecules with 
a molecular mass higher than 90 kD. Hence, the 
different molecular mass fractions should have the 
same surface activity. Differences in the surface 
activity of different gelatin samples can therefore 
not be the cause of the different efficiency. 

The efficiency of components of a macro- 
molecular mixture can also be influenced by dif- 
ferent diffusion rates to the interface. However, 
the coil diameter of the gelatin molecules should 
not differ very much in the molecular mass range 
investigated. Different diffusion rates therefore 
cannot explain the strong dependence of stabiliz- 
ing efficiency on molecular mass. 

For explaining this dependence the mechan- 
isms of interlayer stabilization to be expected in 
the case of gelatin should be discussed. In the case 
of proteins this mechanism is more complicated 
than for classical surfactants. The possible mech- 
anisms have often been discussed (see, e.g., [5]), 
however, some aspects have not been completely 
clarified. 

There are different processes of rupturing thin 
liquid films, but for any of these cases there is 
a counteracting mechanism of stabilization. 
Among these mechanisms of rupture and stabiliz- 
ation a certain hierarchy can be established by the 
sequence of their action starting from the forma- 
tion of a very thick fresh film and proceeding to 
thinner and thinner films. 

Under the influence of the capillary forces the 
thick film is getting thinner soon after its forma- 
tion. Some hydrodynamic factors, volume vis- 
cosity, and the reduction of the surface flow by 
gradients in the surfactant adsorption layer den- 
sity are aimed at maintaining the system in its 
original state. As these factors are losing their 
efficiency with increasing time, the film ruptures 
unless other stabilizing mechanisms come into 
action. Thus, for example, adsorption of a rela- 
tively small amount of charged protein molecules 
causes an electrical double-layer repulsion suffi- 
cient for stabilizing the thin liquid film. Dimin- 
ution of the repulsion by addition of an electrolyte 
leads to a rupture process due to thickness fluctu- 
ations as described by Scheludko and Vrij 
[18,19]. As discussed above, stabilization by 
double layer repulsion should not be of import- 
ance in our experiments. 

At a higher amount of adsorbed substance 
a dense adsorption layer is formed and the film 
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Table 2. Mean lifetime (mean time until coalescence) of n- 
hexadecane droplets at a planar interface between aqueous 
lysozyme solution (10 .4 wt.-%) and n-hexadecane according 
to [5] and ~* d 2 values 

d "c "c*d 2 
[#m] [sec] 

2.5 31.1 194.4 
3.0 21.1 189.9 
3.5 13.9 170.3 
4.0 11.9 190.4 
4.5 8.9 180.2 
5.0 8.05 201.3 
6.0 6.67 201.8 
7.0 5.28 190.1 
8.0 4.44 217.6 
9.0 3.72 238.1 

10.0 2.56 256.0 

stops thinning at a thickness near twice the 
adsorption layer thickness. This is due to the 
resistance of the adsorbed molecules to their dis- 
placement from the interface. However, there is 
another rupture process for liquid films stabilized 
by such "dense" adsorption layers, as described by 
Kashchiev and Exerowa [20, 21]. The agglomer- 
ation or condensation of vacancies in the adsorp- 
tion layer leads to the formation of holes in it. 
This mechanism was discussed and investigated 
for foam films first, however, it was also confirmed 
for emulsion films [22]. 

It can be assumed that this mechanism of rup- 
ture also applies to fresh protein adsorption 
layers. From the model of Kashchiev and 
Exerowa it follows that the lifetime -c of very thin 
(Newtonian) films at a defined constant concen- 
tration of the surfactant in the volume should 
depend on the film diameter d according to the 
following relation: 

"C = A / d  2 

with A being a constant. 
Table 2 shows the values of the mean lifetime of 

oil droplets of different diameters d in a lysozyme 
solution at a planar water-oil interface with 
a fresh adsorption layer, as measured by Dickin- 
son et al. [5], together with the -c.d 2 values. 
We suppose the diameter of the contact area of 
droplet and planar interface to be proportional 
to the droplet diameter. Therefore, we use the 
droplet diameter instead of the film diameter in 

the relation given above. The experimentally de- 
termined lifetime includes both the lifetime of the 
very thin (bilayer) film and the time of thinning 
from the first thick film to the state of the bilayer 
film. Therefore, the increase in the r �9 d 2 values at 
the largest droplet diameters may be caused by 
the higher thinning time of films between large 
droplets and planar interface. 

The nearly constant values of r .  d 2 indicate 
that the lifetime of films with fresh protein adsorp- 
tion layers is determined by a stochastic rupture 
process of the kind proposed by Kashchiev and 
Exerowa as the frequency of such a stochastic 
process is proportional to the area of the film. 

The situation becomes more complicated as the 
protein adsorption layer is aging. A certain sur- 
face coagulation or surface strengthening occurs 
[23] leading to a drastic increase in the interfacial 
viscosity [5, 8, 7] and a decrease in the mobility of 
the protein molecules of adsorption layers 1-91, in 
particular, gelatin adsorption layers [4]. This 
should be due to the formation of hydrophobic 
contacts and to electrostatic interactions in the 
adsorption layer [6]. The degree and the rate of 
strengthening of the adsorption layer should de- 
pend both on the kind and concentration of the 
protein. In [24] the relation between the time of 
gelation and the molecular mass disribution of 
gelation was investigated. It is shown there that 
the gelation rate (the reciprocal of the time until 
complete gelation) is proportional to the mass 
portion of the gelatin sample in the molecular 
mass range of 90-620 kD. This is in agreement 
with our results on the range of gelatin molecular 
mass with good stabilizing ability. As the surface 
concentration of gelatin in the surface layer is 
high, a surface gelation is assumed that causes the 
stability of the droplet interlayer. Related to the 
rupture model of Kashchiev and Exerowa that 
means the crosslinking of the gelatin molecules in 
the adsorption layer prevents the existing va- 
cancies from forming holes by condensation. The 
rate of surface gelation should be governed by the 
same principles as the volume gelation. 

At strong shear stress this enhanced stability 
may be overcome and the protective skin con- 
sisting of the strengthened adsorption layer then 
may rupture leading to the rupture of the liquid 
film too. 

Using some assumptions and simplifications, 
we are able to give a qualitative theoretical 
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explanation for the dependence of the concentra- 
tion of stabilization Cstab o n  the portion 
M8o_34 o of gelatin in the range of 80-340 kD. 

i) In agreement with the results [18] discussed 
above we assume the surface activity of all 
gelatin molecules to be equal. 

ii) In [24] a dependence of the gelation velocity 
on the portion of triplehelically structured 
molecules was also proved. It was shown in 
[25], however, that the content of triplehelical 
structures in gelatin is proportional to the low 
molecular mass portion. We therefore sup- 
pose the gelation rate to be a function of the 
low molecular mass fraction alone. As it is 
known that triplehelical structures do not 
exist at 45 ~ this assumption is supported by 
the results of the coalescence tests at 22 ~ and 
45 ~ giving the same relations for Cstab with 
different samples at the two temperatures. 
Nevertheless, it should be mentioned that 
some results from [24] indicate an indepen- 
dent influence of the triplehelical content on 
the gelation rate. 

iii) As the gelation velocity in the volume is pro- 
portional to the content of the low-molecular 
mass fraction in the gelatin at constant con- 
centration [24], we assume the gelation rate in 
the adsorption layer to be proportional to the 
adsorbed amount  per unit of area, too. 

iv) If M8o-34o is 100% (or M8o-34o = 1), i.e., the 
whole gelatin sample consists of molecules in 
the molecular mass range of 80-340 kD, we 
suppose that a volume concentration of gela- 
tin Cstab ' 80-34-0 is sufficient for adsorption and 
surface gelation of a dense adsorption layer. 
This adsorption layer then prevents coales- 
cence. In the case of a gelatin sample with 
M8o-34o < 1 the sufficient adsorption of low- 
molecular mass gelatin can be reached by in- 
creasing the volume concentration. 

An approximation of Cstab , therefore, may be 
given by 

Cstab, 80-34-0 
Csta b - 

Mso-a4o 

In Fig. 2 this relation is shown for a value of 
Cstab, 80_340 = 0.08g/1. Obviously, this relation 
gives only a lower limit of Cstab for the case of 
Henry isotherm adsorption and any saturation 

effect must lead to a steeper increase of Cstab with 
decreasing M8o-34o, as can be seen in Fig. 2. 

Conclusions 

The dependence of the ability to stabilize emul- 
sions of different gelatin samples on the molecular 
mass distribution can be explained by a mecha- 
nism of strengthening the adsorption layer. There- 
by the rate and the degree of strengthening is 
governed by the same principles 1-24] as the gela- 
tion of gelatin solutions in the volume. The de- 
pendence of the concentration CstaU required for 
stabilizing an oil-in-water emulsion on the share of 
gelatin molecules the range of 80-340 kD can be 
described by an approximation model. As gelatin 
samples with a content of more than 30 wt.-% of 
c~-, fl-, y-chains show a low value of Cstab , effective 
gelatin stabilizers can be selected by this criterion. 
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