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mation of 60 s and reported values are
the average of 18 to 20 measurements.
The surface tension of B-lactoglobulin
with mass fractions of 9.86-10° and
6.39-10° in the aqueous solvents was
measured using the quasi-static method
(35-37). The surface tension value co-
rresponds to the average of at least three
independent measurements.

Density of solutions was measured
using an Anton Paar vibrating tube den-
simeter DSA 5000 calibrated using dry
air and distilled water at 298.15K +
0.01 K. The uncertainty in density mea-
surements is + 5-10¢ g-cm™.

RESULTS AND DISCUSSION

Experimental data obtained in this work
for equilibrium surface tension y at
298.15 K of aqueous solutions of 1-buta-
nol, 1,2-butanediol and 1,2,3,4-butane-
tretol as a function of mole fraction x,,
and the values for aqueous solutions of
polyols in the presence of B-lactoglobulin
at 9.84-10° mass fraction w, , are pre-
sented in Table 1.

The results obtained for surface ten-
sion of butanol and 1,2,3,4-butanetetrol
in water agree well with literature data
(36, 38, 39) but the value reported for
1,2-butanediol is lower than the results
obtained in this work (39).

From the experimental data it can be
observed that 1-butanol and 1,2-buta-
nediol lead to a decrease in the surface
tension of water being the larger change
observed with butanol. The addition of
1,2,3,4-butanetetrol induces a very small
change in surface tension and shows a
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complex behavior that does not follow a
clear trend.

The results in Table 1 show the effect
of B-lactoglobulin at 9.86-10° mass frac-
tion on the equilibrium surface tension
of the aqueous solutions of polyols. As
expected, the protein lowers the surface
tension of water indicating that protein
molecules tend to adsorb at the interfa-
ce due to its amphiphilic nature giving
as result a positive surface excess. The
decrease in the surface tension is larger
in the presence of 1-butanol followed by
1,2-butanediol while 1,2,3,4-butanete-
trol produces a small change in surface
tension and shows a complex behavior
that does not follow a clear trend. A
similar behavior has been reported for
B-lactoglobulin in the presence of sorbi-
tol (22).

Protein adsorption was followed measuring
the change of surface tension as a function
of time using two different mass fractions
of protein: 9.86-10% and 6.39-107, respec-
tively. The experimental protein adsorption
profiles were adjusted to the two and three
steps models using the Origin® software.

The results are shown in Figure 1
for the selected protein concentrations.
Surface pressure increases as protein
concentration becomes larger and induc-
tion period is not observed before the
adsorption process. The time dependen-
ce of the change in surface pressure de-
pends on protein concentration and using
dynamic surface measurements it has
been shown that for low concentrations
of B-lactoglobulin an induction period is
observed while it is not present at higher
protein concentrations (40, 41).
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Table 1. Equilibrium surface tension of butanol, 1,2-butanediol, and 1,2,3,4-butanetetrol in
water and aqueous solutions of B-lactoglobulin at 298.15 K and pH 6.5.

Polyol-water Polyol-water-B-lactoglobulin
Xon y/mN-m™! Xou W6 y/mN-m™!
0.000 72.00 0.000 9.86-10° 63.68
1-butanol
0.005 44.10 0.005 9.86-10° 35.06
0.010 35.81 0.010 9.86-10° 27.16
0.015 29.15 0.015 9.86-10° 20.64
1,2-butanediol
0.005 59.55 0.005 9.86-10° 50.77
0.010 56.13 0.010 9.86-10° 47.34
0.015 53.89 0.015 9.86-10° 44.75
0.020 50.28 0.020 9.86-10° 40.45
1,2,3,4-butanetetrol
0.005 71.16 0.005 9.86-10° 58.49
0.010 71.91 0.010 9.86-10° 57.84
0.015 72.48 0.015 9.86-10° 57.98
0.020 73.13 0.020 9.86-10° 58.56

Surface Pressure (mN/m)

T T T T T T T T T T T T T T T !
0 500 1000 1500 2000 2500 3000 3500
Age (s)

Figure 1. Surface pressure p-lactoglobulin in water at 298.15 K. Protein mass fraction: 6.39x1075 (m),
9.86x107>(e). Two step model (—), three step model (- - -)
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Experimental data were fitted to the
two general models and they are well des-
cribed by a three step model. After a rapid
diffusion step the rate of B-lactoglobulin
adsorption is controlled by the penetration
and by rearrangement and partial unfol-
ding of the protein at the interface. The
diffusion controlled step is too rapid to be
measured accurately using the quasi-static
method (less than 30 s) and the other two
steps follow a logarithmic behavior.

Table 2 shows the adsorption para-
meters of the two logarithmic steps of the
model. n, and k, are the final pressure
and the kinetic constant of the penetra-
tion process and m, and k, are the final
pressure and the kinetic constant associa-
ted to the protein rearrangement at the

liquid-air interface.

The results presented reveal that the
constants for the penetration and for the
rearrangement steps are nearly the same
for the two protein concentrations and that
rate of the penetration process is much
higher than the rate of rearrangement of
B-lactoglobulin at the liquid-air interface.

Adsorption at the air-water interface
in the presence of alcohols was deter-
mined following the change of surface
tension as a function of time for solu-
tions of B-lactoglobulin of mass fraction
of 9.86-107 in the aqueous solvents at
298.15 K and pH 6.5. The effect of al-

cohol concentration on the adsorption
behavior of the protein is shown in Figu-
re 2. The presence of alcohols increases
surface pressure when compared with
the behavior of the protein in water and
the effect is larger as alcohol concen-
tration increases. The change in surface
pressure for polyols depends clearly on
the number of OH groups. The largest
increase is observed with 1,2,3,4-buta-
netetrol followed by 1,2-butanediol and
the smallest change is observed in the
presence of 1-butanol.

The experimental protein adsorp-
tion profile in the presence of 1-butanol,
1,2-butanediol and 1,2,3,4-butanetetrol
was adjusted to the two and three steps
models. In the presence of alcohols, the
experimental data fitted well the two steps
model, as it is shown in Figure 2 indicating
that the three alcohols induce an important
modification in the adsorption behavior of
the protein. The diffusion controlled step
is fast and occurs below the lowest expe-
rimental time measured as for the protein
in water. After the diffusion stage, the ob-
served behavior shows that adsorption of
[-lactoglobulin is controlled by penetra-
tion of B-lactoglobulin at the liquid-air in-
terface. The absence of the rearrangement
regime suggests that the conformational
changes in protein structure are very rapid
and depend on the nature of the cosolvent.
Table 3 shows the adsorption parameters
of the two steps model.

Table 2. Value of the adsorption parameters for -lactoglobulin in water at 298.15K

Woie 7, (mN-m™) 7, (mN-m™) k, (s k, (s
6,39x10°% 4.4 6.7 9.1x103 2.7x103
9,86x10°% 4.6 8.1 13.8x10? 2.5x103
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Figure 2. Effect of alcohol concentration on the adsorption profiles of f-lactoglobulin at pH 6.5 and 298.15
K. Alcohol mole fraction: 0.0050 (m), 0.010 (), 0.0015 (A), 0.020 (V).
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Table 3. Value of the adsorption parameters for B-lactoglobulin in the presence of alcohols at

298.15 K.

Adsorption step

Rearrangement step

Cosolvent mole fraction

VST ON
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7, mN-m! k s! 7, mN-m’! k,s!
1-butanol

0.0000 4.6 1.3x10° 8.1 2.5x10°
0.0050 9.0 1.2x10?
0.0100 8.7 1.1x10?
0.0150 8.5 1.1x10?

1,2-butanediol
0.0000 4.6 1.3x10° 8.1 2.5x10°
0.0050 8.7 1.9x10?
0.0100 8.8 1.6x10?
0.0150 9.1 3.2x102
0.0200 9.8 4.6x10?

1,2,3,4-butanetetrol

0.0000 4.6 1.3x10° 8.1 2.5x10°
0.0050 12.8 2.3x107
0.0100 14.2 2.8x10°
0.0150 14.5 2.7x10°
0.0200 14.8 2.3x10°

The equilibrium surface pressure
for the penetration step increases with the
addition of butanol and butanediol being
the largest change observed in the presen-
ce of 1,2,3,4-butanetetrol. This behavior
shows that the increase in surface pres-
sure is largest for the more hydrophilic
and non surface active cosolvent, while
for the hydrophobic and surface active
compounds butanol and butanediol, the
change is smaller. In the case of buta-
nol, after an initial increase, the surface
pressure tends to become lower as the
concentration of the cosolvent increases.
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The kinetic constants follow a diffe-
rent behavior with cosolvent concentra-
tion. The presence of butanol induces a
fast initial increase of k, and at higher
concentration its value remains constant
and the kinetic constant for butanediol
becomes larger as concentration increa-
ses. This behavior suggests that protein
conformation changes are faster in the
presence of butanol, which has a strongest
denaturating effect. 1,2,3,4-butanetetrol
causes a very small change of the cons-
tant indicating that the adsorption regime
of the protein is not affected by the pol-

375

29/03/2012 12:40:00



REVISTA COLOMBIANA DE QUIMICA, VOLUMEN 40, nro. 3 DE 2011

yol because it is preferentially excluded
from the liquid-air interface and does not
induce changes in protein conformation.

CONCLUSIONS

In the present work, a systematic study
on the effect of 1-butanol, 1,2-butanediol
and 1,2,3,4-butanetetrol on the surface
tension of [-lactoglobulin in aqueous
solution at pH 6.5 and 298.15 K is pre-
sented. The protein lowers the surface
tension of water indicating that protein
molecules adsorb at the interface giving
as result a positive surface excess. The
decrease in the equilibrium surface ten-
sion is larger in the presence of 1-bu-
tanol followed by 1,2-butanediol while
1,2,3,4-butanetetrol produces a small
change.

The adsorption profile of B-lactoglobulin
in water, determined from the dynamic sur-
face pressure, is well described by a three
step model. An initial and rapid diffusion
step followed by the penetration regime and
the rearrangement and partial unfolding step
of the protein at the interface. The presence
of the alcohols induces important changes
in the adsorption behavior of the protein.
The diffusion controlled step is fast as for
the protein in water and after the diffusion
stage, adsorption of B-lactoglobulin is con-
trolled by penetration of B-lactoglobulin at
the liquid-air interface. The absence of the
rearrangement regime suggests that if the
alcohols induce conformational modifica-
tions in protein structure, they are very rap-
id. The adsorption behavior of the protein
suggests that protein conformation changes
are faster in the presence of butanol, while
1,2,3,4-butanetetrol does not induce chang-
es in protein native structure.
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