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The effect of sodium caprate (a fatty acid salt) on the formatigf+lafctoglobulin A gels was studied at constant
temperature (30 or 38C) using ultrasonic spectroscopy. During incubation at these temperatures, ultrasonic
attenuation increased with the addition of sodium caprate, and reached a plateau-dfterdd incubation.
Comparings-lactoglobulin A with and without sodium caprate, a decrease in net ultrasonic velocity was observed.
These results suggested that aggregation occurred during incubation with sodium caprate, and the sample showed
an increase in compressibility. Transmission electron microscopy with negative staining showed the formation of
filamentous aggregates gflactoglobulin A at around 34.5 h of incubation with sodium caprate. These results
demonstrated that sodium caprate induced the formation of structures with unique gel properties compared to
those formed by heating-lactoglobulin in the presence of NaCl alone.

Introduction reduction in the thermal stability of the protein, and induce
aggregation at lower temperatures.

It has been previously reported that fatty acid salts with more ~ On the other hand, there are also some contrasting findings;
than 10 carbon atoms can induce transparent protein gels withfor example, the presence of an excess of palmitic acid stabilized
high water-holding properties?> Sodium caprate, being easily ~ f-lactoglobulin against heat denaturatfo.In these studies,
solubilized in water at ambient temperature, is often employed rheological measurements during heating at’82also dem-
to study the thermodynamic analysis of a protein complex with onstrated that, in the presence of palmitic agidactoglobulin
fatty acid salts as a kind of anionic surfacfhand has been  forms gels with a lower storage modulus and longer gelation
compared with other types of surfactants in its ability to interact times than those without palmitic aciéiFurthermore, concern-
with proteins? In particular, we have studied on the formation ing bovine serum albumin (BSA) with sodium dodecy! sulfate
of protein gels induced by fatty acid salts and demonstrated (SDS), detailed analysis was performiéd’hese reports indi-
that the addition of sodium caprate to ovalbumin #@alcto- cated that the thermal stabilities of bgthlactoglobulin and
globulin solutions results in the formation of transparent gels BSA were increased by the addition of a large amount of fatty
at room temperatur&® Circular dichroism (CD) spectroscopy ~ acid derivatives to protein.
demonstrated that the presence of fatty acid salts causes an Kerstens et al. investigated the evolution of the microstructure
immediate structural change of ovalbumin to a molten globule during the thermal gelation gf-lactoglobulin with Tween 20,
state, inducing the formation of a gel netwdrkhe fatty acid which is a kind of nonionic surfactaftS-Lactoglobulin has a
salt-induced gels that formed at room temperature (around 25central hydrophobic calyx similar to retinol binding protein, in
°C) have unique gel textures compared to that of heat-inducedwhich small hydrophobic ligands can bifdt seems that the
gels® Rheological measurements carried out at@%ave also behavior of ionic surfactant is different from that of nonionic
demonstrated that the gelation timeSafactoglobulin decreased surfactant? Nonionic surfactants tend to interact by means of
with increasing concentrations of sodium capfer example,  their alkyl chains with the hydrophobic domain of the protein,

a 12%f-lactoglobulin solution shows a setel transition at ~ Whereas, in the ionic surfactants, the charged headgroup may
room temperature after 916, 198, and 158 min of incubation, also be involved in the attractive interactions with oppositely
with 2.4, 3.6, and 4.8% sodium caprate, respectively. Under charged groups on the protein. Therefore, in the case of sodium
comparable conditions, fatty acid salt-induced ovalbumin’gels caprate in our study, there are both ionic and hydrophobic
are formed at a faster rate th@ractoglobulin gel$. In both interactions between surfactants and proteins. We also have a
protein systems, a marked conversion from intramolecular to Previous study on the effects of fatty acid derivatives including
intermoleculays-sheet is observed during structure formafign. ~ SDS on the protein gel characteristics (appearance, water-
These results, together with previous data the heat-induced ~ holding property), the gel containing fatty acid salts formed a
gelation of ovalbumin in the presence of sodium caprate, suggestV€ry transparent and high water-holding gel compared to those

that fatty acid salts modify the protein structure, cause a of Tween 20 or sucrose monolaurdtéhese data suggest that
not only hydrophobic interaction but also ionic interaction is

required for giving a high transparency and hydrophilicity to
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Effect of Na Caprate on j-Lactoglobulin A Gelation

three-step process, namely, unfolding of the protein, the forma-
tion of intermediate soluble aggregates, and finally, the forma-
tion of a three-dimensional network. Heat-induced changes in
the secondary and tertiary structure of the proteins can be
observed using CD spectroscopy; however, very dilute protein

Biomacromolecules, Vol. 8, No. 8, 2007 2543

runs (48 h). At least two independent experiments were carried out for
each concentration and ratio of protein/fatty acid salt. All runs were
analyzed and plotted using routines written in Microsoft Excel. Gradient
changes were calculated by separately summing five points before and
five points after a given point, determining the difference, and dividing

solutions need to be used for an accurate determination of thethe result by the time gradient in the same data range. _
changes, and this is quite limiting, as processes such as gelation Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
are concentration-dependent. Previous Fourier transform infrared(SPS-PAGE) Analysis.A 1.5 mL sample of 129-lactoglobulin A

(FT-IR) studies carried out with no dilution on gelling systems
containing>10% g-lactoglobulin, demonstrated that the addition
of sodium caprate induces changes in the secondary structur
of B-lactoglobulin® The dissociation of3-lactoglobulin from
dimer to monomer is the first step in the process after the

addition of sodium caprate to the protein solution. These results

suggested that the addition of fatty acid salt modifies the
structure of -lactoglobulin, inducing a more flexible state
(initial unfolding state) of the protein and causing protein
protein interactions, mainly characterized by an intermolecular

containing 0.2 M NaCl and 3.6% sodium caprate (pH 7.5) was divided
into 1 and 0.5 mL samples. The 1 mL solutions were immediately

é)laced into the ultrasonic spectrometer, kept at constant temperature,

and subjected to a heating/cooling program {80constant for 8 h
followed by linear temperature ramps from 30 to 85 at 0.46°C/

min, and kept for 30 min at 83C, and cooling to 30C at 0.46°C/

min). As a control, a sample of 12%lactoglobulin A containing 0.2

M NaCl (pH 7.5) was also prepared using ultrasonic spectrometer.

The 0.5 mL sample solution was incubated at room temperature and

an aliquot was taken off every time period. An aliquot (d0) was
removed just after sample mixing (0 h), and, at 3, 4d @& h of

p-sheet. ngh-resoluthn ultrasonic spectroscopy has recent_lyincubation, each aliquot was diluted in water (1:10) to stop the reaction
been employed to elucidate structural changes and aggregationnq hen refrigerated. If the sample had already gelled, then 10 mg of

states off-lactoglobulin during heating at gelling concentra-
tions14 By using ultrasonic spectroscopy, it is possible to

the sample was added to B0 of water. Samples were analyzed under
nonreducing conditions by SDS-PAGE to determine differences in

measure structural changes during the pre-gelation and gelationrotein-protein interactions before and after heating. The 100

stages of protein systems in situ, with minimal sample disruption

samples were added to 20 of 20% SDS and 10Q.L of 0.01%

and no need for dilution. For this reason, ultrasonic spectroscopybromophenol blue. Samples were heated &®8%iith vigorous stirring

is the ideal tool for the study of protein gelation induced by
changes in environmental conditions. The objective of the
current study was to examine the changes occurringlamc-
toglobulin A in the presence of sodium caprate under isothermal
conditions (30 or 35°C), using ultrasonic spectroscopy.
Transmission electron microscopy (TEM) studies were also
performed on mixtures @-lactoglobulin A and sodium caprate
to complement the ultrasonic spectroscopy data.

Materials and Methods

Purification of -Lactoglobulin A. Purified 5-lactoglobulin A was
prepared from whey protein isolate (Alacen 895) donated by New
Zealand Milk Protein (NZMP, Mississauga, Canada). The protein was
purified using ion-exchange chromatography on Sepharose Q (Amer-
sham Biosciences, Baie d’'Urfe, Canada) with 20 mM Tris-HCI (pH
7.0) and a linear gradient of-®.35 M NaCl as previously reportéél.
Fractions containing-lactoglobulin A were collected, dialyzed ex-
tensively against water, and lyophilized.

Ultrasonic Spectroscopy MeasurementdJltrasonic spectroscopy
measurements were carried out using an HR-US102 instrument
(Ultrasonic-Scientific, Dublin, Ireland), and the data were collected with
the manufacturer’s software (version 4-50-25-0). The equipment passe
transverse sound waves through sample and reference cells an

measures both the velocity and attenuation of the transmitted sound

wave?® Solutions of-lactoglobulin A (12%) were prepared in MilliQ
water containing 0.2 M NacCl with either 2.4 or 3.6% sodium caprate
(from a 30% stock in MilliQ water). The final pH of the mixture was
7.5. Both sample and reference solutions were deg&sard equili-
brated to each testing temperature. Sample solutions (1 mL) were

loaded, and the instrument was tuned to measure five frequencies

corresponding to 3.1, 5.1, 7.8, 11.6, and 14.7 MHz for water &25
The velocity and attenuation of the sound waves at the selected

for 5 min. SDS-PAGE samples (8L each) were loaded on a 20%
Phast-gel (nongradient) (Amersham Pharmacia) and electrophoresed
on a Phast-system (Amersham Pharmacia). The gels were automatically
stained with Coomassie brilliant blue (Phast-gel blue-R, Amersham
Pharmacia) and destained with methanol and acetic acid according to
the manufacturer’s instructions.

TEM Analysis. Negative staining observation was performed using
TEM (H7100, Hitachi High Technologies, Tokyo, Japan). A solution
containing 12%p-lactoglobulin A and 3.6% sodium caprate in 0.2 M
NaCl (pH 7.5) was diluted 10,000 times at O, 2.6, 4.5d @h of
incubation using a 0.2 M NacCl solution to stop the aggregation. The
control 12% protein sample in 0.2 M NaCl (lacking sodium caprate)
was also diluted with 0.2 M NaCl (10,000-fold dilution). Each diluted
sample was stored at € until analysis. Aliquots (4L each) were
placed on an electron microscopy nickel grid (200Hex) (Canemco, St.
Laurent, Canada) precoated with Formvar, andfHactoglobulin A
was precipitated onto the grid by soaking for 30 s at room temperature.
Excess sample was wicked off with filter paper and then immediately
stained for 1 min with one drop of saturated uranyl acetate in 50%
ethanol. After removing the excess staining material, the microstructure
of each sample was observed in the TEM at an acceleration voltage of
75 kV and a magnification of 50 and 100 K. Digital images were
captured using AnalySIS software (AnalySIS Pro, version 3.0, Soft

ilmaging System Corp., USA).

Results

Changes in the Ultrasonic Properties ofs-Lactoglobulin
A with or without Sodium Caprate at Constant Tempera-
ture. Figure 1 shows changes in relative ultrasonic velocity over
time at 30°C for samples off-lactoglobulin A in 0.2 M NacCl
with (Figure 1A) or without (Figure 1B) sodium caprate. The

frequencies were measured continuously in both the sample anddifférence in the velocity of sound between the protein sample

reference cells. The internal temperature of the cell was controlled using

a programmable Haake F8 water bath (Thermo-Haake, Georgetown,

and the respective salt solutions increased at a constant rate over
15 h of measurement, with total velocity change in less than

Canada), and the temperature of the spectrometer cell was recorded.-5 M/s. These results are in contrast to the much larger velocity

using a thermocouple installed in the instrument. Samples were
subjected to isothermal measurements at 30 GC3%n addition, some

measurements were conducted with samples containing 0.025% NaN
(an antimicrobial reagent) to prevent spoilage during the long isothermal

changes reported in the case factoglobulin heat-induced
gels and signify that very little change occurred to the protein
hydration shell and structure over time. However, a small
decrease in the overall compressibility of the protein SO'”E;(B\/
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Figure 1. Time dependence of the relative ultrasonic velocity for
f-lactoglobulin A (12%) containing 0.2 M NaCl and 3.6% sodium
caprate (A) or the protein with 0.2 M NaCl with no sodium caprate
(B) measured at 30 °C. The relative ultrasonic velocity is the difference
between the velocity measured in the sample cell and that measured
in the reference cell (containing the salt solution with no protein). The
difference in the relative ultrasonic velocity between panels A and B
is shown in panel C. Panel D is the gradient of velocity as a function
of time for C. Four independent experiments were carried out, and a
typical result is presented.
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Figure 2. Time dependence of the ultrasonic attenuation for g-lac-
toglobulin A (12%) containing 0.2 M NaCl and 3.6% sodium caprate
(A) or the protein with 0.2 M NaCl with no sodium caprate (B)
measured at 30 °C and 5.3 MHz. The difference in values of
attenuation between panels A and B is shown in panel C. Four
independent experiments were carried out, and a typical result is
presented.

compressibility measured in the fatty acid salt-containing
solutions may be due to a higher local concentration of nonpolar
groups, which contribute to the formation of large void areas.
When looking at the gradient of the velocity over time, it is
confirmed that most of the structural changes occurred within
the fird 4 h of incubation by analysis, as mentioned in the
Materials and Methods section (Figure 1D).

Figure 2 shows the changes in the attenuation of the sound
wave propagating through thlactoglobulin A sample con-
taining sodium caprate and NaCl (Figure 2A) and only NacCl
(Figure 2B) measured at 5.3 MHz. The flat spectrum indicates
that the attenuation of sound @Flactoglobulin A was not
affected by the presence of NaCl (Figure 2B). Higher values of
attenuation £10 nTt) were observed from the beginning for

was measured. The major changes in ultrasonic velocity shownprotein samples containing sodium caprate and NaCl (ap-
in Figures 1A were not caused by gelation, but appeared to beproximately 14.5 m?, Figure 2A) compared to those obtained
gradual over the 15 h of the experiment. An increase in velocity for a -lactoglobulin A solution in 0.2 M NaCl (approximately
was also observed by incubating protein with NaCl in the 4 m™%, Figure 2B). The details of the difference in attenuation
absence of fatty acid salt, and indicates an increase in proteinbetween the protein solution containing sodium caprate and
hydration (Figure 1B). The effect of sodium caprate on the NaCl and that containing only NaCl as a function of time are
ultrasonic velocity of g3-lactoglobulin A solution was deter-  shown in Figure 2C. Protein solutions containing sodium caprate
mined by subtracting the ultrasonic relative velocity of the showed an increase in attenuation of sound, over time, showing
protein solution without fatty acid salts from tfidactoglobulin a plateau after abou h ofincubation (Figure 2A,C). The same
A/sodium caprate solution (Figure 1C). The net difference in behavior was apparent for all the other frequencies measured
velocity at 0.6 m/s indicated that, in the presence of sodium (data not shown). Samples @flactoglobulin A and sodium
capratefs-lactoglobulin A was more compressible. The increase caprate under these conditions formed very transparent (95'%/
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80 D samples containing only NaCl (Figure 3D). The increase in
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interconnected within a netwofR . However, these changes in

40 attenuation are specific to the system structured with the fatty
acid salts and are almost completed within/h as no changes
were evident after 10 or 17 h of incubation. The lack of change
in the attenuation spectra after incubation indicates that the
formation of theS-lactoglobulin A network in the presence of
3.6% fatty acid salt does not show the appearance of particles
after 10 or 17 h of incubatiotf. It is important to note that, in
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Figure 3. Frequency dependence of ultrasonic attenuation as a

function of incubation time for S-lactoglobulin A (12%) solutions in
0.2 M NaCl under various conditions: (A) protein solution containing
2.4% sodium caprate at 35 °C. (B) 3.6% sodium caprate at 35 °C.
(C) 3.6% sodium caprate at 30 °C. (D) no sodium caprate at 30 °C.
(O) 0 h; () 10 h; (2) 17 h. At least two independent experiments
were carried out for each concentration and temperature, and a typical
result is presented.

the present experiments, the range of frequency tested was much
smaller than that reported previously 1% because of the
limitations in the capability of our instrument. However, even

at low frequencies (5 and 7 MHz), the changes in the present
data are much smaller than those that showed a large increase
in attenuation for heatefl-lactoglobulin AB or whey protein

solutions!* In other words, these much smaller and early

and the results indicated that most changes occurred within thechanges in attenuation are specific for sodium caprate-induced
first 5—7 h of incubation. gels.

Effects of Sodium Caprate Concentration Earlier research Electrophoretic Analysis of the Sodium Caprate-Induced
investigated the effect of sodium caprate concentration on the Aggregates.SDS-PAGE was carried out under nonreducing
rheological properties of g-lactoglobulin AB type (AB) at 25 conditions to identify changes in the type of aggregates formed
°C % It was demonstrated that the gelation of fhkactoglobulin in -lactoglobulin A gels with or without sodium caprate (Figure
AB containing 3.6% sodium caprate occurred at a faster rate 4). In addition, heated samples were also tested to determine
compared with the solution containing 2.4% sodium caprate. differences in the type of aggregates formed. Samples at 0 and
For this reason, the effect of the addition of sodium caprate at 2.6 h were still liquid, and the solutions became viscous after
two different concentrations on the ultrasonic properties of 4.5 h of incubation. Aliquots were removed at various times of
p-lactoglobulin solutions was tested. Figure 3 illustrates the incubation and quenched by extensive dilution with water. The
frequency dependence of the ultrasonic attenuation while sample was then stored in the refrigerator. The samples after 8
incubatingg-lactoglobulin A at 35 and 30C over time under h of incubation were stored at®® without dilution, because it
various conditions to determine the particle size distribution of was already in a soft transparent gel state. As a control,
the colloidal dispersio®’ As shown in Figure 3A,B, no  S-lactoglobulin A in 0.2 M NaCl without sodium caprate was
differences were noted as a function of time of incubation subjected to a heating and cooling program in the ultrasound
between 2.4 and 3.6% sodium caprate. The results also indicatespectrometer as mentioned in the Materials and Methods section
that the presence of sodium caprate caused a change in acoust@nd analyzed by SDSPAGE. This samplef-lactoglobulin A

energy, as the values of attenuation were higher in samples withwithout sodium caprate) formed a white turbid gel. CDV
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200 nm

Figure 5. Negative staining micrographs of soluble aggregates prepared from 12% f-lactoglobulin A solutions in 0.2 M NaCl at various stages
of incubation at 30 °C in the presence of 3.6% sodium caprate: (A) O h, (B) 2.6 h, (C) 3 h, and (D) 4.5 h of incubation. (E) S-lactoglobulin A
(control solution without sodium caprate). The black arrow in panel C indicates the area magnified in Figure 6A.

Only one -lactoglobulin A band was visible for samples Relationship between the Ultrasonic Properties and the
containing3-lactoglobulin A and salts before heat treatment Microstructure during Gel Formation. Ultrasonic measure-
(Figure 4, lanes 1 and 5). SDS-PAGE analysis under nonre- ments indicated that during incubation of the protein with
ducing conditions indicated that, although aggregation occurred sodium caprate, the values of attenuation increased over time
after a few hours of incubation at 3@, very little covalent reaching a plateau (Figure 2A). The refraction points in the
interactions occurred (Figure 4, lanes 2, 3, and 4). Some ultrasonic attenuation curves yield important information regard-
oligomers were present, but it was concluded that most proteinsing the formation of gel networks. The microstructure changes
aggregated by noncovalent bonds. This result was in contrastprior to the completion of gelation were investigated during the
to that of samples subjected to heating and cooling. The early stages at room temperature up to 4.5 h gflecctoglobulin
p-lactoglobulin A solution containing NaCl and sodium caprate A and sodium caprate were mixed. Figure 5 shows the
sample showed no protein migration into the gel, indicating that microstructure of the protein solutions incubated at various times
disulfide interactions occurred during heating, forming large obtained using TEM with negative staining. The images were
aggregates (data not shown). Similarly, very little protein also compared to those obtained from a control sample
migrated into the gel wheg-lactoglobulin A solution was containing g-lactoglobulin A in 0.2 M NaCl. The sample
heated in the presence of NaCl without fatty acid salts (Figure containing 12%g-lactoglobulin A and 3.6% sodium caprate
4, lane 6). obtained right after mixing (Figure 5A) showed some exc(gfil
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pH upon heating and cooling treatment. In contrast to our study
using a fatty acid salt, their results showed that NaCl has an
inhibitory effect on the formation of long linear aggregates.
These observations suggest that fatty acid salt-induced gels of
p-lactoglobulin A formed at ambient temperature follow a
unique aggregation mechanism, distinct from that in the presence
of NacCl.

Discussion

The ultrasonic velocity is the distance the ultrasonic wave
moves through the sample per unit tifféAs ultrasonic velocity
is related to the chemical composition of the solution and the
compressibility of the system, the decrease in the relative
velocity observed during the incubation of tAdactoglobulin
solution with sodium caprate may be due to an increase in the
number of participating molecules in the conformational changes
as well as an increase in hydrophobic interactions. Gekko and
Noguch?! reported that an increase in compressibility occurs
during protein denaturation because of the high local concentra-
tion of nonpolar groups. Our results indicate that the velocity
changes seen during the formatiorpetactoglobulin A gel with
fatty acid salts are much smaller than those observed during
heat-induced gel formation @gflactoglobulin without fatty acid
salts* the relative ultrasonic velocity changes with temperature
during heating from 20 to 70C were about 10 m/s for
B-lactoglobulin AB without fatty acid salt¥! about 7 times
larger when compared with the 1.5 m/s change observed in our
study during isothermal denaturation of the protein in the
presence of fatty acid salts (Figure 1A). It is possible to conclude
that the gel formed by fatty acid salts is more hydrophilic than
the gel induced bys-lactoglobulin A without fatty acid salt,
and thus no drastic changes occurred in ultrasound velocity for
200nm p-lactoglobulin A in the presence of fatty acid salts during
gelation because of the high level of hydration.

Figure 6. Magnified images for 3 or 4.5 h incubated j-lactoglobulin

A with sodium caprate. Detailed conditions are the same as those ) Ul_trasoni(? attenuation is deter_mined by measur_ing the reduc-
described in Figure 5C,D. The arrows indicate a white continuous tion in amplitude of the ultrasonic wave propagating through a
structure (filamentous network). materiall”18 Attenuation is determined by absorption and

scattering of the ultrasonic wave such as the energy of

staining material (black particles) with no evidence of a network, dissipation caused by solutsolute interactions or particle
similar to the TEM images for the protein without sodium diffusion. Buckin and Smitk¥ stated that the scattering contribu-
caprate (Figure 5E). The white stained particles shown in the tion occurred when the liquid is nonhomogeneous and contains
TEM images are sodium caprate or sodium chloride crystals, particles with a size comparable to the ultrasonic wavelength.
as determined by control experiments (data not shown). After In these samples, most of the acoustic energy losses were caused
2.6, 3, and 4.5 h of incubation at ambient temperature, the by viscous losses, thermal losses, scattering, intrinsic absorption,
reaction was stopped by extensive dilution with water as and structure-dependent los$&g'8.22
previously described. While after 2.6 h of incubation, the  This study suggests that ultrasonic attenuation is strongly
samples looked similar to those at time 0, which were observed affected by the type of network, including the fineness,
right after mixing (Figure 5B), after 3 h, the black area contained roughness, regularity, or irregularity of the gel network. It has
very small white particles in the micrograph (Figure 5C). The been previously reportéthat the microstructure of protein gels
images obtained after 4.5 h of incubation implied that some induced by fatty acid salts has a more homogeneous network
network was developed (Figure 5D). To clarify these in Figure composed of filamentous structures with larger pores filled with
5C,D, Figure 6 shows the magnified networks from the images water. The gel formed with a mixture gtlactoglobulin A and
after 3 h (Figure 6A) and 4.5 h (Figure 6B), respectively. The sodium caprate is very transparent, similar in appearance to the
fibrils width ranged from about 30 to 100 A in Figure 6A,B. It sodium caprate-induced ovalbumin gel (data not shown). It
has been previously reported that fatty acid salt-induced appears that these filamentous structures are closely related to
ovalbumin gels have a very fine and homogeneous structurethe structural rearrangement of the fluid system, and the
composed of filaments of about 80 A wide, as determined by structures do not induce large changes in the ultrasonic
field emission scanning electron microscope and ultrathin sectionattenuation and velocity, especially when compared to the case
observations by TEM.The present results suggest that the of a particle gek419
fibrous structure was observed in the early stages of incubation With regards to the frequency dependence of attenuation, it
up to about 4.5 h, and the network is almost comparable to has been also reported that the evaluation of frequency spectra
transparent gel from ovalbumin in the fibrous widths. is a means for determining the concentration and size distribution

Kavanagh et & investigated the effects of NaCl on the of particles suspended in a fluld Generally, for each sample,
microstructure of solubl@-lactoglobulin aggregates at acidic  attenuation values increase with an increase in frequencycw
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this increase is most evident at frequencies greater than 10has two step changes prior to heat-induced gelation. The first
MHz.18 In the present study, the gradient of attenuation with transition at lower temperature may be a particularly important
frequency forB-lactoglobulin A with fatty acid salt was about  step to induce mild structural changes. Their system is close to
2 times that ing-lactoglobulin A alone at 30C (Figure 3C,D). our system since BSA has a lipophilic compound binding site
It appears that larger gradients result from the appearance ofas doeg3-lactoglobulin, and SDS is an ionic surfactant with
soluble aggregates in the fluid containjfigactoglobulin A and similar structure except for the sulfate moiety. The result for
sodium caprate. The gradient@lactoglobulin A after heating  the BSA-SDS complex matches with our study whekéac-
without fatty acid salts showed attenuation spectra similar to toglobulin interacted with fatty acid salt even at around®@0
those of the protein solutions with sodium caprate (data not and formed a soft gel.

shown). These results indicate that incubation of gHacto- From reports mentioned above, our data (very small change
globulin A/fatty acid salt mixture at ambient temperature (about in velocity) using ultrasound spectroscopy in a mixture com-
30 °C) caused the formation of gel networks with frequency posed off-lactoglobulin A and sodium caprate suggests that
spectra comparable to that Gflactoglobulin A heat-induced  sodium caprate induces mild structural changes in proteins such
gels. as CITREM or SDS, which has also been supported by CD

In addition to the structural changes due to the presence orand FT-IR analyses. _ _
absence of fatty acid salts, we investigated the effect of the It iS possible to conclude that ultrasonic spectroscopy is a
concentration on gel formation. There was a slight difference Very useful method for investigating the changes of macromo-
between 2.4 and 3.6% in each frequency sweep of attenuationl€cular structures in a fluid system in situ and real time, even
of the sound (Figure 3A,B), in spite of the marked difference with small changes of velocity and attenuation in the system.

in texture of these gefsin these studies, ultrasound spectros-

copy was not able to show the differences between samplesA

with different gel strength (varying salt concentrations), con-
firming previous reported data on heat-induced gelatfon.
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Microstructure observation carried out by TEM with a References and Notes
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