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FOAMING PROPERTIES OF PORCINE SERUM AND PORCINE SERUM ALBUMIN

Abstract
The purpose of this study was to compare the foam capacity (FC) and foam stability (FS) of freeze-dried porcine

serum (PS) and porcine serum albumin (PSA) with egg white protein (EW). PSA was obtained by hydrophobic interaction
chromatography in a single chromatographic step. Foaming properties were determined at 2, 4, 6, 8, and 10 % of protein
solutions in buffer phosphate, pH 7.2, under native conditions (25 °C) and after heat treatment (80 °C, 10 min). Both, FC
and FS properties improved with increasing protein concentration in all isolates. In native fractions, foam capacity of PS
and PSA proteins were comparable to EW fraction. However, the foaming stability of EW and PSA was higher than that PS.
After heat treatment, foam capacity of EW fraction was not affected, whereas it decreased for both porcine fractions. On the
contrary, foam stability of porcine fractions was higher than for EW. In conclusion, separation of PSA from total serum
allows obtaining a protein with foaming properties as good as egg white and better than porcine serum.

Resumen
Se compararon la capacidad espumante (CE) y la estabilidad de la espuma (EE) de suero porcino (SP) y albúmina

porcina (ASP), con clara de huevo (CH) liofilizadas. La ASP se obtuvo por cromatografía de interacción hidrofóbica. Las
propiedades espumantes se determinaron en soluciones de proteína de 2, 4, 6, 8 y 10 %, bajo condiciones nativas (25 °C)
y después de un tratamiento térmico (80 °C, 10 min). En condiciones nativas la capacidad espumante de las fracciones
proteicas (SP y ASP) fue comparable a la de clara de huevo. Sin embargo la estabilidad fue mayor en la clara de huevo y en
la albúmina porcina que en el suero. Después del tratamiento térmico se observó un decremento en la CE de PS y ASP,
mientras que la CE de la clara no se vio afectada. Por el contrario la EE de las fracciones porcinas fue mayor que la de clara
de huevo. La ASP presenta propiedades espumantes comparables a la CE y mejores que el SP.
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INTRODUCTION

Slaughter of domestic meat animals generates
by-products of high biological value, such as blood.
Methods for hygienic collection of animal blood have been
developed (Ockerman and Hansen, 2000; Gorbatov, 1988),
along with high quality standards for slaughterhouses
(Mackey and Roberts, 1993) to obtain edible blood proteins
(Ramos-Clamont et al., 2003). The value of animal blood
has long been appreciated in Europe and Australia (Pearson
and Dutson, 1997), and bovine blood is collected and used
to produce a variety of dishes like puddings, pancakes,
blood sausage and soups (Ockerman and Hansen, 2000).
One of the major drawbacks of using complete blood is its

color and great oxidative properties. Alternatively, blood
serum proteins have been used for food products such
surimi gel enhancement (Seymur et al., 1997), as a textured
meat protein (Rodas et al., 1998; Terrel et al., 1979), and
for bakery goods (Ockerman and Hansen, 2000).

Proteins are a major group of food ingredient
compounds, which have an important effect in foam
properties. Proteins contribute to texture, structure, and
taste perception of many products like ice cream, whipped
toppings, leavened bakery products, meringue, beverages
and marshmallows (Closs et al., 1990). For making a foam,
air, liquid, energy and a surfactant like protein are needed.
The surfactant has the ability to form interfacial tension
gradients to stabilize the newly formed bubbles against
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immediate coalescence (Walstra and Smulders, 1997).
However, once foam is formed, its stability could be
affected by factors such as liquid drainage that causes the
rupture of the film between two bubbles (Phillips, 1981).
Thus there are two phases to protein foaming: the
effectiveness of gas encapsulation (foaming capacity, FC)
and the lifetime of the foam (foaming stability, FS) (Kim
and Kinsella, 1985). FC is associated to the ability of
proteins to quickly migrate to and adsorb on the air/water
interface, which in turn reduce the surface tension. On the
other hand, good foam stability properties result when the
adsorbed protein layer remains as an intact structure that
can resist breaking down (Maeda et al., 1991; Closs et al.,
1990; Kim and Kinsella, 1985; Phillips, 1981).

The foaming properties of a protein mixture depend
on the contribution of its components; for example, egg
white proteins perform well because each of the
components carries out a different function (Poole et al.,
1984; Kinsella, 1976). The functional egg white proteins,
in order of importance with respect to foaming capacity
are globulins, ovalbumin, ovotransferrin, lysozyme,
ovomucoid and ovomucin (Johnson and Zabik, 1981).
However, the ovomucin-lysozyme complex confers foam
stability and ovalbumin and conalbumin provide heat-
setting properties (Poole et al., 1984).

Fractionation of blood serum or egg into its major
components (albumins and globulins) showed that bovine
serum albumin is a good foamer while egg albumin is a
poor one (Poole et al., 1984). Bovine blood foaming
capacity is equivalent to that of egg protein (Khan et al.,
1979; Tybor et al., 1975). However, foam stability of
plasma is lower than egg white proteins (Raeker and
Johnson 1995; Tybor et al., 1975). Protein fractionation
of porcine serum or plasma may improve the commercial
and functional value of blood. Porcine immunoglobulins
can easily be incorporated into liquid preparations for
veterinary prophylactic purposes, while porcine serum
albumin (PSA) can be use as emulsifier (Ramos-Clamont
et al., 2003).

 We have developed a single step chromatographic
fractionation of porcine serum to obtain a highly enriched
PSA separated from the immunoglobulin fraction; however,
it was required to study PSA foaming properties. Thus the
objectives of this study were to determine the foaming
properties of PSA and porcine serum, and to compare them
with those from egg white proteins.

MATERIALS AND METHODS

Materials
Sepharose CL-6B was purchased from Amersham

Pharmacia Biotech (Uppsala, Sweden) and all other
reagents of analytical grade were purchased from Sigma
Aldrich (St. Louis MO, USA).

Sample preparation
Five samples of ten liters of blood were collected

in sterile containers at the bleeding line of a slaughterhouse
(Federal Inspected Plant) from Hermosillo, México. This
plant complies with the HACCP system. Blood (no
anticoagulant added) was transported in closed containers,
at 4 ºC. Once at the laboratory, the blood was let to
coagulate at 25 ºC, and its serum separated from red cell
clots by decantation. One half of the serum was
immediately frozen and the other half was lyophilized. Both
fractions were stored at -40 ºC until use. Fresh eggs were
obtained from commercial vendors, and egg whites were
separated from yolks, lyophilized and stored at - 40 ºC
until analysis.

Analytical chromatography
Porcine albumin fraction was obtained by

hydrophobic interaction chromatography (HIC) as
described by Vázquez-Moreno et al. (1992). Briefly, highly
acetylated agarose (HA-agarose) was packed (10 x 1.5 cm,
BioRad column), to obtain a 10 mL bed volume and
equilibrated with 5 bed volumes of 0.5 M Na2SO4, 10 mM
3-(N-morpholino) propanesulfonic acid (MOPS), pH 7.6.
Samples of 5 mL of serum adjusted to 0.5 M Na2SO4, 10
mM MOPS, pH 7.6 were applied for each chromatography
run. The unbound fraction constitutes the PSA fraction and
bound proteins were eluted with 10 volumes of 10 mM
MOPS, pH 7.6. All chromatographic procedures were
monitored by adsorption spectrophotometry at 280 nm.
PSA fraction was dialyzed against distilled water,
lyophilized and stored at - 40 ºC until analysis.

Polyacrylamide gel electrophoresis
Porcine protein fractions were analyzed by sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) using 5-17 % gradient Tris-glycine polyacrylamide
gels (Margolis and Kenrick, 1968). The electrophoresis
was run under non reducing conditions in a mighty small
250 unit (Hoeffer, San Francisco, CA., USA). Tris-glycine
SDS sample buffer (2X) was used for sample dilution and
running the electrophoresis. Gels were stained with
coomasie brilliant blue dye.

Proximate analysis
Chemical composition of egg white (EW), porcine

serum (PS) and porcine serum albumin (PSA) fractions
were determined according to AOAC (1990). Protein,
moisture, lipids, ash and salt were included in this analysis.
Kjeldahl nitrogen was converted to percent of protein using
the factor 6.25. All determinations were in duplicate.

Solubility
Protein dispersions (1 mg/mL) of EW, PS and PSA

were prepared in phosphate buffer saline (PBS) at pH 7.2
and preparations placed in a rocking plate shaker (Reliable
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Scientific model 55, USA.) at 20 oscillations per min for
60 min at room temperature. Protein dispersions were
centrifuged at 4350 x g for 15 min (JA Beckman Centrifuge,
Palo Alto, CA, U.S.A.) and supernatants filtered (0.22 µm).
The nitrogen solubility (NS), was determined as protein
present in the supernatant using the method of Bradford
(1976) and expressed as a percentage of the total expected
protein. Bovine serum albumin (BSA) was used as standard
and solubility expressed in percentage of total protein
concentration.

Foaming capacity and stability
Foaming properties of protein fractions were

determined under native conditions (25 °C) and after heat
treatment (80 ± 1 °C), as reported by Patel et al. (1988).
For native conditions, protein solutions (2, 4, 6, 8, and
10%) were reconstituted to a total volume of 20 mL with
phosphate-buffered saline (PBS), at pH 7.2. Solutions were
mixed at 3,000 rpm for 3 min, 25 °C, using an Ultraturrax
T25 homogenizer (IKA Works, Inc. Wilmington, NC,
U.S.A.) and the foaming capacity (FC) and foaming
stability (FS) were determined and expressed as follows:
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Vi-Vf
FC x= (1)

 

100
Vi
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FS x= (2)

Where Vf is the volume of foam after mixing, Vi
the initial liquid volume, and Vr the volume of liquid
retained in foam after 30 min. Five replicates were
measured for each sample.

The effect of heat treatment on foam properties of
EW, PS, and PSA was investigated. Protein solutions (2,
4, 6, 8 and 10 % pH, 7.2) were placed in glass containers
(40 mL) and transferred into a water bath at 80 ± 1 °C for
10 min (Van Koningsveld et al., 2002). Glass containers
were covered with plastic film to avoid water evaporation.
After heating, the solutions were immediately cooled in
ice and foaming properties tested as described before.

Statistical analysis
The experimental data were statistically analyzed

by ANOVA using STATISTICA version 2 (Stat Soft Inc.,
Tulsa, Oklahoma, USA). Tukey's significant difference was
used to analyze differences. A value of p < 0.05 was
considered to be significant.

RESULTS AND DISCUSSION

Polyacrylamide gel electrophoresis
Porcine serum was adjusted to 0.5 M Na2SO4 and

directly fractionated by HIC (using a highly acetylated

agarose matrix) into two enriched fractions, one containing
PSA (non adsorbed) and a second, immunoglobulins
(adsorbed). Porcine serum protein fractions and hen egg
white proteins were analyzed by SDS-PAGE under
denaturing and non reducing conditions (Figure 1). The
non adsorbed porcine fraction contained mainly a 66 kDa
polypeptide that corresponds to PSA, whereas the eluted
porcine fraction showed the characteristic band pattern of
immunoglobulins (150 and 53 to 66 KDa) (Crawley and
Wilkie, 2003). The egg white fraction contained mainly
five protein bands, which were identified by their molecular
weight with those reported in the literature. The molecular
weights estimated at 14, 45, 65-68, 80, and 110 KDa agree
with lysozyme, ovalbumin, avidin, ovotransferrin and
ovomucin respectively (Desert et al., 2001).

Proximate analysis
The proximate composition and solubility of freeze

dried EW, PS, and PSA is shown in Table 1. Samples
moisture ranged from 2.5 to 2.9 %, which is within the
range expected for freeze dried materials (Tybor et al.,
1975). The amount of protein for PSA (95 %), was higher
than that for PS (87 %) or EW (90%) fractions. No fat was
detected in either egg white or albumin fractions; however,
porcine serum had 2.1 %. The concentration of sodium
was determined considering its role in foam expansion
properties (Phillips et al., 1991). PSA contained the lowest
ash (1.5 %) and sodium (1.1 %) concentration (Table 1),
this is important because high mineral ion contents
reportedly inhibited foam expansion properties. Such
inhibitory effects may be due to high ionic strength that
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Figure 1. SDS-PAGE analysis of porcine protein fractions and egg
white proteins. Lane 1, molecular weight standards; Lane 2, porcine
serum; Lane 3, PSA fraction; Lane 4, porcine immunoglobulins; Lane
5, egg white proteins.

Figura 1. Electroforesis en condiciones desnaturalizantes de las
fracciones proteicas porcinas y de las proteínas de la clara de huevo.
Carril 1, estándares de  masa molecular; Carril 2, suero porcino; Carril
3, fracción de ASP; Carril 4, inmunoglobulinas porcinas; Carril 5,
proteínas de la clara de huevo.

 

14
21

116
97

66

45
31

KDa

1 2 3 4 5

14

45

66

150

65-68

80
110

-



108

weakens intermolecular electrostatic binding or to ion
binding inhibition of hydrophobic interactions (Morr and
Ha, 1993; Phillips et al., 1991).

Protein solubility
PSA showed a solubility of 92.0 ± 0.02 %, which

was close to EW solubility (93   2.0 %), while PS fraction
was less soluble, 84.3 ± 2.3 % (Table 1). Comparable egg
white protein solubility values have been reported by
Hagenmaier (1972). Also, there was a good agreement with
solubility reports of 90 % and 85 % for bovine and porcine
serum, respectively (Tybor et al., 1975; Ramos-Clamont
et al., 2003). Protein solubility serves as a good index of
protein functionality since is a practical measure for protein
denaturation or aggregation (Hettiarachchy et al., 1996).
Generally, denatured or partially aggregated proteins often
exhibit low solubility and impaired ability to effectively
participate in foaming (Wong and Kitts, 2003; Patel and
Kilara, 1990; Kinsella, 1976).

The high solubility of PSA strongly indicates that
the process used to isolate this fraction was not a denaturing
process (Queiroz et al., 2001; Fausnaugh and Regnier,
1986). Other fractionations methods such as ion exchange
or reverse phase chromatography and protein precipitation
use highly denaturing elution procedures (Matejtschuk,
2004; Frutos et al., 1997).

Foam capacity (FC)
There are two different properties of protein

foaming: effectiveness of gas encapsulation (foam
capacity) and lifetime of the foam (foam stability). Foam
capacity and foam stability should be regarded as two
separate processes, because they are influenced by different
molecular properties. Flexibility of proteins is an important
factor in the reduction of surface tension, while protein-
protein interactions are needed to the formation of highly
viscoelastic films for foam stability (Kim and Kinsella,
1985).

The effects of protein concentration and its origin
on foam capacity were compared (Figure 2A). In all three
fractions, FC increased with protein concentration up to 8

%. No significant difference (p< 0.05) was found between
8 and 10 % solutions. FC increasing with protein
concentration followed by a declining has been reported
(Vani and Zayas, 1995; Cherry and McWatters, 1981;
Richter, 1979), however in this study the decline in FC
was not observed, probably because the protein
concentration was not high enough. Vani and Zayas (1995)
reported an optimum concentration of 8 % for egg white
for foam expansion. In this study, 8 % also appeared to be
the optimum concentration for all protein sources.

Heat treatment of solutions containing 2 and 4 %
did not affect the foaming capacity in any of the three
fractions (Figure 2B). At higher concentrations, FC increased
for EW whereas for PS and PSA decreased (6 - 10 %),
indicating that there are molecular differences between EW
and the porcine proteins. Results obtained with egg white
and porcine protein fractions in the present study could be
attributed to differences in specific protein denaturation

Figure 2.  Effect of protein concentration on foam capacity of egg white
(EW), porcine serum (PS) and porcine serum albumin (PSA) proteins.
A. Foam capacity in native solutions. B. Foam capacity after heat
treatment.

Figura 2. Efecto de la concentración de proteína sobre la capacidad
espumante de las proteínas de la clara de huevo (EW), del suero porcino
(PS) y de la albúmina sérica porcina (PSA). A. Capacidad espumante
de soluciones nativas. B. Capacidad espumante después del tratamiento
térmico.
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Table 1. Proximate composition and solubility of lyophilized egg white
and porcine protein fractions. Duplicates were conducted in each
sample, s.d = standard deviation.

Tabla 1. Análisis proximal y de solubilidad de las fracciones proteicas
porcinas y de clara de huevo. Los análisis de cada muestra se realizaron
por duplicado, s.d = desviación estándar.

Analysis Egg white 
(% ± s.d) 

Porcine serum 
(% ± s.d) 

Porcine serum 
albumin (% ± s.d) 

Protein  90.1 ± 4.1 87.0 ± 2.0 95.0 ± 3.0 
Moisture  2.9 ± 0.3 2.8 ± 0.1 2.5 ± 0.2 
Lipids  0 2.1± 0.3 0 
Ash 4.6 ± 0.5 4.6± 0.2 1.5± 0.2 
Sodium  1.3 ± 0.1 1.9 ± 0.1 1.1± 0.1 
Solubility  93.0 ± 2.0 84.3± 2.3 92.0± .02 
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process. For example, bovine serum albumin (BSA) has a
denaturation onset temperature at 68 °C while for
ovalbumin is 81 °C (Richter, 1979). This difference is
attributed to an earlier formation of BSA soluble aggregates
than for ovalbumin. As protein concentration increases,
the soluble aggregates develop high molecular weight
complexes that lead to the formation of a gel, which in
turn prevents air incorporation and causes drop in FC
(Wetzel et al., 1980). Data obtained with EW indicate that
this fraction did not reach full denaturation under the study
conditions, thus behaving as the native fraction (Figure
2A).

Foam stability (FS)
Foam stability describes the ability of proteins to

form a strong and cohesive film around air bubbles and to
resist air diffusion from the bubbles (Kinsella, 1976). FS
was concentration dependent (up to 8%) in all three protein

fractions (Figure 3A). Increasing protein concentration
results in reduced air diffusion due to formation of thicker
interfacial protein films around the air bubbles which affect
the surface tension and improves foam stability by reducing
the liquid flow within the lamella region (Halling, 1981;
Kinsella, 1981; Graham and Phillips, 1979).

Serum albumins are hydrophobic proteins with
flexible structure and high affinity for air water interfaces
(Kato et al., 1985), thus, as expected, both PSA and EW
showed higher stability than PS (Raeker and Johnson,
1995; Hill and Hall, 1987; Tybor et al.,1975). Also, it has
been shown that porcine serum has components,
particularly gamma globulins that reduce foam stability
(Raeker and Johnson, 1995). Effective removal of
immunoglobulins by HIC, lead it the increase of FS in PSA
(Figure 1).

Heat treatment enhanced FS of all protein fractions
(Figure 3B). PSA and PS showed greater stability than
EW. At lower concentrations (2 - 4 %) PSA had greater
stability than PS, thus confirming that the presence of other
proteins might increase air diffusion. At high concentrations
(6 - 10 %) no statistical difference was found between PSA
and PS.

Taken all these results together, it is possible to
conclude that serum PSA is the largest contributor to the
foaming properties and that the removal of Igs increases
the foaming stability. Furthermore PSA could be used as a
substitute of EW in applications that involve heating steps.
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