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Abstract

Yeast cell wall proteins were extracted from homogenized suspensions with 0.75mol/l NaOH, yielding after precipitation at

isoelectric pH a pale-brown sediment. Lyophilized sample was fractionated on Sephadex G-50 to yield three fractions (Fr 1, Fr 2 and

Fr 3). Fr 1, which had the highest yields and protein content, showed the highest molecular weight and best surface properties. Fr 2

and Fr 3 were mainly composed by polysaccharide-protein complexes. Fr 1 was further subfractionated on Sephacryl S-300 to produce

three fractions (Fr A, Fr B and Fr C). All subfractions, turned out to be highly foamy during evaporation. The highest yields were

obtained for Fr A, which also showed the highest molecular weight. Fractions Fr 1 and their subfractions Fr B and Fr C exhibited

good surface activity and high emulsifying activity. Emulsions prepared with these fractions were the most stable against creaming and

coalescence. Fr 2 cream phase presented a gel-like behavior as a consequence of polysaccharides acting as thickening agents.

r 2005 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Proteins rank among the most used components for
they may have the majority of the desirable attributes
related to food preparation (Fligner & Mangino, 1991).
Functional properties related to proteins include solu-
bility, water retention, viscosity, gel formation and
emulsification. These properties, being among the most
important in food preparation and stability, are related
to a protein ability to reduce interface tension between
hydrophilic and hydrophobic components and strength-
ened film rigidity (Kay & Mac, 1979).

Most oil-in-water emulsions stabilize through the
adsorption of a protein layer at oil/water interface,
which produces a barrier surrounding the dispersed
0 r 2005 Swiss Society of Food Science and Technology. P
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drops. An additional macromolecular stabilization
could be related to nonabsorbed polysaccharides acting
as thickening or structural agents in water phase
(Dickinson, 1991; Chen, Dickinson, & Iveson, 1993).

Yeast and yeast derivatives have been widely used in
the formulation of food systems. Interest in yeast
proteins has increased as a result of a continuously
growing fermentation industry which produce yeast
biomass as a byproduct. The isolation of yeast proteins
is an attractive alternative for the utilization of yeast
biomass through its use as emulsifying, gelling, foam
stabilizing agent, etc. in food systems (Dziezak, 1987).

A considerable amount of work on yeast protein
functionality has been reported, mainly on Saccharo-

myces cerevisiae, nevertheless more knowledge is needed
to asses their potentialities as food ingredients
(Guzmán-Juárez, 1982; Kinsella, 1986; Pacheco &
Sgarbieri, 1998).
ublished by Elsevier Ltd. All rights reserved.
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In the last years the interest on other yeast species has
increased. It is the case for Kluyveromyces (Kluyver-

omyces fragilis, K. lactis), which can propagate in cheese
whey due to their lactose assimilation ability. Few works
on protein obtention from Kluyveromyces sp. were been
conducted (Otero, Wagner, Vasallo, Garcı́a, & Añón,
2000).

In most of the studies on yeast proteins, protein
concentrates or isolates were obtained from so-called
yeast extracts, which are produced after cellular rupture
and mainly composed of nucleoproteins ubiquituous
inside the cell (Kinsella, 1986). The outer parts of the
yeast cells, the cell walls, remain as an insoluble waste
for which so far no commercial use has yet been
established except as a supplement for animal feed
(Guzmán-Juárez, 1982). According to Freimund, Sauter,
Kappeli, and Dutler (2003), the composition of S.

cerevisiae yeast cell wall is 39–56% polysaccharides
(mainly glucans and mannan), 20–29% proteins (free
and as mannoproteins) and 11–13% lipids. Important
bioactive, medicinal and physical properties related to
glucans have been studied exhaustively studied (Bohn &
BeMiller, 1995; Hromádková et al., 2003), however
there is scarce information on functional properties of
cell wall proteins. It was reported that cell wall proteins
of S. cerevisiae have possible applications as a bioemul-
sifier in foods (Cameron, Cooper, & Nufeld, 1988;
Torabizadeh, Shojaosadati, & Tehrani, 1996; Barriga,
Cooper, Idziak, & Cameron, 1999).

The aim of this paper is the extraction, purification
and fractionation of total cell wall proteins from K.

fragilis and their evaluation as functional ingredients in
food industry, specially those related to surface activity.
Yeast suspension 
Homogenization, N=2, 50MPa, pH 9.5 
Dilution
Centrifugation

Precipitate Cell-free homogenate
    Extraction in 0.75 N NaOH, 3 h 
    Washing
    Centrifugation  

Extract
pH 5
Centrifugation 
Freeze dryPolysaccharide-rich 

debris (F I) 
Cell wall proteins (F II)

Fig. 1. Extraction scheme of cell wall proteins from Kluyvemomyces

fragilis cells.
2. Materials and methods

2.1. Materials

K. fragilis cells were grown on sugar cane molasses as
a source of carbon and energy, at a concentration of
40mg/ml of total reducing substances supplemented
with 5.62mg/ml (NH4)2SO4 and 1.60mg/ml
(NH4)2HPO4 as nitrogen and phosphorus sources,
respectively in a bioreactor. Propagation was carried
out in continuous mode for 24 h at 32 1C, pH 4.0 and at
a dilution rate (D ¼ m) of 0.25 h�1.

Cells were harvested by centrifugation in a Sharpless
Open type continuous centrifuge at 5000g (Alfa-Laval,
Tumba, Sweden), washed twice with distilled water and
stored at 10 1C until use.

2.2. Homogenization and protein extraction

As shown in Fig. 1, yeast cells were re-suspended in
distilled water (150mg/ml), adjusted to pH 9.5 with
1mol/l NaOH and homogenized twice at 50MPa
(Manton Gaulin 8MBA, APV, UK) according to the
method described by Otero, Vasallo, Verdecia, Fernan-
dez, and Betancourt (1996). Yeast homogenate was
diluted to 100mg/ml of total solids with distilled water
and centrifuged at 5000g. Precipitate was washed twice
with distilled water, resuspended to 200mg/ml and
boiled for 1 h to remove water soluble compounds. The
sediment after centrifugation at 500g was suspended in
0.75mol/l NaOH at ambient temperature for 3 h and
centrifuged under same conditions as above, yielding an
insoluble fraction named Fraction I (F I). Supernatant
was adjusted to pH 5.0 with acetic acid, centrifuged
as mentioned and brownish precipitate freeze-dried
(Fraction II, F II). Yield of this fraction was 11% with
respect to initial yeast biomass.

2.3. Fractionation of ammonium soluble compounds

Two grams of lyophilized sample F II were suspended
in 90ml of 0.7mol/l ammonium hydroxide, filtered
under vacuum through a T-1000 filter (Leitz Filter
Werke GmbH, Bad Kreuznach, Germany), centrifuged
at 49,200g in a Beckman J2 HS centrifuge (Beckman
Instruments GmbH, München, Germany) for 10min at
10 1C and supernatant collected.

2.4. Gel filtration chromatography

The above supernatant was applied to a Sephadex G-
50 (fine) 112� 6.5 cm column (Pharmacia Biotechnol-
ogy International, Uppsala, Sweden), and eluted with
0.36mol/l ammonium hydroxide. Using an Ultrorac
7000 fraction collector (LKB Intruments AB, Bromma,
Sweden) monitoring at 280 nm three main fractions were
collected (Fr 1, Fr 2 and Fr 3 in Fig. 2a). Fractions were
evaporated under vacuum and freeze-dried.

Fr 1 from Sephadex fractionation was applied
(200mg to 10ml of 0.7mol/l ammonium hydroxide)
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onto a Sephacryl S-300 HR 100� 2.5mm column and
eluted with the same eluant as above. Resulted fractions
(Fr A, Fr B and Fr C in Fig. 2b) were also evaporated
under vaccum and freeze-dried.
2.5. Chemical analysis

Carbohydrate content was analysed by phenol-sulfu-
ric method (Dubois, Gilles, Hamilton, Rebers, & Smith,
1956) while the total protein content was determined by
microkjeldahl (N� 6.25) (Nkonge & Murray Ballance,
1982). Protein solubility was determined in 0.01mol/l
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Fig. 2. (a) Gel filtration chromatography of F II on Sephadex G-50.

Column: 112� 6.5 cm. Eluant: 0.36mol/l ammonium hydroxide.

Sample: 2000mg. (b) Subfractionation of Fr 1 from Sephadex G-50

in Sephacryl S-300-HR. Column 100� 1.6 cm. Eluant: 0.36mol/l

ammonium hydroxide. Sample: 200mg.
sodium phosphate buffer, pH 7.0. Dispersions (5mg
sample/ml buffer) were gently stirred for 1 h at room
temperature, centrifuged at 10,000g for 10min, and
protein content measured by the Bradford method
(Bradford, 1976). Solubility was expressed as grams of
soluble protein/100 g of sample. All solubility determi-
nations were conducted in duplicate.

Moisture content was determined by heating samples
at 105 1C to constant weight. The lipid content of F I
and F II was determined by Soxhlet method using
diethyl ether. RNA content of these fractions was
determined by following the experimental procedure of
Rut (1973).

2.6. Surface activity

Surface (air–water, A/W) and interfacial (corn oil–
water, O/W) tensions of solution of each fraction were
determined at 25 1C using a CSC DuNouy 70535
tensiometer using the ring method (Couper, 1993).
Supernatants from protein solubility determination were
used to obtain solutions of 0.01–0.1mg protein/ml in
0.01mol/l sodium phosphate buffer, pH 7.0. As a result
of adsorption of the surface active protein, the surface
(or interfacial) tension decreased from the value for the
clean interface g0 to a value g. Therefore, the interfacial
and surface pressure at equilibrium (pie and pse,
respectively, where i stands for interfacial and s
represents surface) were calculated as

pie ¼ gi0 � gieðmN=mÞ

and

pse ¼ gs0 � gseðmN=mÞ,

where the symbols 0 and e represent the initial and
equilibrium stages, respectively.

Determinations were performed at least in triplicate.

2.7. Preparation of O/W emulsions

The emulsions were prepared by homogenization of
10ml of a sample dispersion (10mg/ml, 0.01mol/l
sodium phosphate buffer, pH 7.0) and 10ml of corn
oil using an Ultraturrax (T-25, S25N10G device, IKA
Labortechnik, Karlsruhe, Germany) at 20.000 rpm for
30 s at 25 1C.

2.8. Emulsifying Activity Index (EAI)

The EAI was estimated according to the methods of
Pearce and Kinsella (1978) which relates the absorbance
at 500 nm of diluted emulsions to the interfacial surface
area of protein films surrounding the emulsified oil
droplets. Aliquots (50 ml) of each emulsion were
immediately diluted 50-fold in 0.01mol/l sodium phos-
phate buffer pH 7.0 containing 0.1 g SDS/100ml
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Table 1

Composition of products obtained from Kluyveromyces fragilis

Composition

(g/100 g)a
Polysaccharide-rich

debris (F I)

Cell wall proteins

(F II)

Kjeldahl protein

(N� 6.25)

3.770.4 36.070.8

Carbohydrates 88.371.2 48.771.5

RNA 2.070.3 4.970.7

Lipids 1.570.3 6.470.5

aOn dry matter basis.
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solution, then A500 was measured. EAI (in m2/g) was
defined as

EAI ¼ 4:606 A500 Dilution=LfC,

where L was the light path (1 cm), f the volumetric oil
fraction and C is the protein concentration. Results
represent the mean of at least three experiments.

2.9. Droplet size distribution

The droplet size distribution was determined on the
initial emulsions from 0.03 to 300 mm by laser scattering
using a Mastersizer Micro Particle Analyzer (Malvern
Instruments Ltd., Malvern, UK). Sauter Mean diameter
(D32) was calculated from droplet size distribution
expressed in differential surface. Determinations were
conducted at least in duplicate.

2.10. Emulsion stability

Emulsion stability was analysed using two different
methods: creaming stability and oiling-off coalescence
stability.

Creaming stability was determined in quiescent
conditions at 25 1C using a Vertical Scan Analyzer
(QuickScan, Beckman-Coulter, USA). Samples were put
in a cylindrical glass measurement cell and the Back-
scattering (BS%) profiles were studied each minute
during 1 h as a function of the sample height (total
height 60mm). Initial Backscattering (BS1) values were
determined from initial profile of emulsions (t ¼ 1 min)
as the mean value through the tube length. Creaming
kinetic was followed by measuring the mean values of
BS% as a function of time in the bottom zone of the
measurement cell (zone 5–7mm). Relative volume of
cream phase at 60min (Vr), with respect to total
emulsion volume, was estimated from the BS % profiles.
Oiling-off stability was studied by centrifugation of
10ml of emulsion for 30min at 1000g. The oil separated
was removed with a Pasteur pipette and coalescence
determined by weight difference. Coalescence was
expressed as the fraction of separated oil with respect
to total oil in the emulsion.

2.11. Rheological properties of emulsion cream layers

Rheological behavior of the emulsion cream layer
obtained after centrifugation (30min, 10,000g, 20 1C)
was studied by measuring the viscoelastic parameters G0

(storage modulus), G00 (loss modulus) and tan d (G00/G0)
as a function of frequency within the linear viscoelastic
range. Measurements were carried out at a strain of 5%
and 20 1C in an oscillatory Haake CV20 rheometer
(Haake MessTechnik, GmbH Co, Karlruhe, Germany)
with parallel plates setup.
2.12. Emulsion microstructure

A 20 ml aliquot of cream phase of emulsion (dilute 6-
fold in the same buffer in which the proteins were
dispersed) was placed on a glass slide and covered with a
22� 22 cover-slip. Samples were observed with a light
microscope (Leica DC 100, Germany) fitted with an
adapted digital camera at 100� magnification.

2.13. Statistical analysis

Statistical analysis of data was performed by analysis
of variance (ANOVA). Differences between means
were analysed by the Fisher’s test (Systat version 5.0).
Significance was considered at a ¼ 0:05.
3. Results and discussion

Following the homogenization and extraction of yeast
cells according to the procedure schematized in Fig. 1,
two fractions were obtained: a polysaccharide-rich
debris (F I) and an extract of cell wall proteins (F II).
Table 1 shows the composition of these primary
products. Proteins and carbohydrates were the main
components of F II. Due to the fact that this fraction
was obtained by extraction of cell wall in basic condition
and precipitated in acidic medium, its carbohydrates
would be composed mainly of alkali-soluble, acid-
insoluble polysaccharides (mannans, glucans) free or
linked with wall proteins. According to studies on S.

cerevisiae cell wall composition, the alkali-soluble, acid-
insoluble polysaccharide fraction are composed of (1–3)-
b-D-glucan, mannan, and some (1-6)-b-glucan (Manner
& Meyer, 1977).

From gel filtration on Sephadex G-50 of F II, two
UV-absorbing fractions (Fr 1 and 3) were produced
(Fig. 2a). The volume eluted between the two absorbing
peaks was also collected (Fr 2), yielding a white powder
after drying. Table 2 offers the yields of the three
fractions obtained after gel filtration on Sephadex G-50.
It can be seen that the total yield of the fractions was
61.5%, which indicates the nonprotein fraction removed
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from fraction II was probably composed of free
polysaccharides E38.5%. The most interesting peak is
that corresponding to Fr 1, which represented both the
highest amount of all fractions and turned out to be very
foamy during evaporation. Foaming properties seem to
be quite important in the food industry for a number of
applications (Halling, 1981).

Fr 1 exhibited a high molecular weight (43� 104Da)
and a new fractionation was attempted on Sephacryl S-
300 HR. The further fractionation of Fr 1 yielded three
new fractions labeled as Fr A, Fr B and Fr C. Fig. 2b
shows a typical chromatogram for this sample (in a
range of 1� 104–1.5� 106Da) and Table 3 shows the
yields of each subfraction with respect to the original
Fr 1. The fraction with the highest yield was Fr A. All
fractions showed the same foamability as Fr 1 when they
were vacuum evaporated. This behavior could be due to
the fact that these fractions (Fr 1, Fr A, Fr B, Fr C)
contained a considerable level of protein content (total
protein, TP ¼ 54–62%) and similar total protein–
carbohydrate ratio (TP/CH)43 (Table 4, Po0:05).
Nevertheless these fractions showed different values of
Table 2

Yields of different fractions from Fraction II obtained on Sephadex G-

50 Chromatography (original weight of FII was 2000mg)

Fraction Recovered weight (mg) Yield (g/100 g)

Fr 1 1120 56.0

Fr 2 70 3.5

Fr 3 40 2.0

Overall 1230 61.5

Table 3

Yields of different subfractions from Fraction 1 obtained on Sephacryl

S-300 HR (original weight of Fr 1 was 200mg)

Fraction Recovered weight (mg) Yield (g/100 g)

Fr A 130.0 65.0

Fr B 15.0 7.5

Fr C 10.0 5.0

Overall 155.0 77.5

Table 4

Composition (g/100 g) in protein, carbohydrates, moisture of wall protein fr

Fraction Total Protein, TP Soluble proteina

Fr 1 62.572.4 33.472.0

Fr 2 23.271.0 50.0714.0

Fr 3 31.071.3 5.371.5

Fr A 57.376.4 3.871.2

Fr B 54.371.2 68.575.0

Fr C 54.872.3 44.873.8

aExpressed on basis of total protein.
protein solubility (Po0:05). We can observe that Fr A,
the main protein fraction obtained from Fr 1, exhibited
the lowest solubility at pH 7 probably due to its high
content of insoluble high molecular weight carbohy-
drates. On the other hand, the presence of protein–po-
lysaccharides complexes with a high content of
carbohydrates in Fr 2 and Fr 3 was observed (TP/CH
of 0.7 and 1.1, respectively). The protein solubility was
high for Fr 2 but very low for Fr 3 indicating structural
differences between these two complexes.

Fr 1, Fr 2, Fr B and Fr C exhibited surface and
interfacial activity at different bulk protein concentra-
tions (Fig. 3a, b). Fr 3 and Fr A exhibited very poor
surface activity (data not shown) probably due to their
low content of soluble proteins (Table 4). Fr 1 showed
the highest surface pressure, ps (Fig. 3a), which explains
the frothing observed during evaporation and freeze-
drying. Also, pie values were higher for Fr 1 and its
subfractions Fr B and Fr C (Fig. 3b), indicating similar
interfacial behavior. These results suggest the presence
of proteins with high ability to adsorb at the oil/water
and air/water interfaces. Concerning Fr 2, being
composed mainly of carbohydrates with a protein/
carbohydrates ratio of 0.7, it is not surprising that its
interfacial activity at equilibrium was lowest (pie in
Fig. 3b).

Emulsions prepared with the different fractions
showed initial characteristics determined mainly by
their droplet size distributions. All emulsions exhibited
a bimodal distribution except for emulsions prepared
with Fr 3 and Fr A, which presented a Sauter mean
diameter, D32425 mm; all the rest had initial values of
D32 in the range 14.7–15.2 mm (Table 5).

To determine the stability of emulsions prepared with
different samples, the back scattering (BS%) profiles
were analysed according Palazolo, Sorgentini, and
Wagner (2004). Only the profiles corresponding to 1,
10, 30 and 60min were showed (Fig. 4a–f). Except for
emulsions from Fr 3 and Fr A, the others showed an
initial back scattering (BS1) higher than 60%, results
that are in agreement with the high emulsifying activity
(EAI424m2/g in Table 5) and interfacial activity
(Fig. 3b). High values of BS1 and EAI for Fr 1, Fr 2,
actions obtained from Kluyveromyces fragilis cells

Carbohydrates, CH TP/CHratio Moisture

19.872.6 3.2 4.870.8

33.871.2 0.7 6.771.1

29.572.1 1.1 12.971.3

16.673.2 3.4 7.170.1

15.470.6 3.5 11.670.4

16.172.4 3.4 3.171.8
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Fr B and Fr C correspond to the presence of a high
number of small drops (D32p15.2 mm, Table 5,
Po0:05). In Fig. 4 these are represented by the drops
drifting to the upper part of the measuring cell as the
profiles shift to higher lengths, which indicates cream
phase formation. Creaming kinetic was analysed in the
lower part of tube by means of BS% decrease as a
function of time (Fig. 5). Emulsions from Fr 1, Fr 2 and
Fr B showed high creaming stability during the first
20–30min of monitoring, Fr C to a lesser extent. On the
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Table 5

Emulsifying properties of wall protein fractions obtained from Kluyveromyce

(BS1), oiling-off and relative cream volume (Vr) values was 5%

Fraction Initial emulsion characteristics Oilin

D32 (mm) BS1 EAI (m2/g)

Fr 1 15.270.2 67.5 29.871.2 0

Fr 2 14.770.2 75.1 24.171.0 0

Fr 3 32.370.3 43.6 8.770.5 27.9

Fr A 26.970.3 48.3 14.070.7 5.6

Fr B 14.770.2 68.9 37.871.4 0

Fr C 15.170.2 65.8 27.471.1 0
contrary, Fr 3 and Fr A showed highly unstable
creaming stability. In this regard, drop size seemed to
be the most important factor concerning stability.
Therefore, for those more unstable emulsions (Fr 3
and Fr A in Figs. 4c,d), higher D32 values were measured
(X26.9 mm, Table 5).

On the other hand, even with low protein content and
interfacial pressure Fr 2 fraction exhibited a good
emulsifying activity. This may be attributed to the
presence of highly soluble protein–polysaccharide com-
plexes (Samat, Singhal, Kulkami, & Rege, 1993).
Fractions showing lower capacity to stabilize against
creaming (Fr 3 and Fr A) exhibited similar behavior
with respect to coalescence in quiescent condition. This
fact became evident as a sharp drop in back scattering
along the cream phase in the upper part of the
measuring tube due to drop size increase (Figs. 4c,d).

During homogenization, emulsions from Fr 1 tended
to foam as a function of its high surface activity (see pse
in Fig. 3a). Foam could be observed in the upper part of
initial back scattering profile (Fig. 4a, t ¼ 1 min, near
top) as a peak that slowly fades away during the studied
interval (Palazolo et al., 2004). The formed foam was
relatively stable and had not any effect on Fr 1’s
emulsion stability against coalescence. Coalescence
resistance was also studied by speeding up the process
through centrifugation and a similar behavior was
observed. Only emulsions from Fr 3 and Fr A exhibited
oiling-off (27.9% and 5.6%, respectively, Table 5). In
such a sense, stability against coalescence (with or
without centrifugation) of emulsions prepared from Fr
1, Fr 2, Fr B and Fr C is mainly driven by the resistance
of the protein layer surrounding oil drops (Wagner &
Guéguen, 1999), but controlled as well, by the initial
drop size distribution. According to McClements (1999),
larger drops have a higher efficiency of collision and
tend to coalesce faster.

On the other hand, despite protein content in Fr A
being quite similar to those observed in Fr B and Fr C
(Table 4), its emulsions were unstable against coales-
cence and creaming. This behavior could be a con-
sequence of it low protein solubility (Table 4). In
previous works (Kato & Nakai, 1980; Voutsinas,
s fragilis cells. Maximum standard deviation for initial back scattering

g–off (%) Cream phase at 24 h in quiescent condition

Vr Rheology behavior

0.87 Weak gel

0.80 Gel

0.56 Liquid

0.66 Liquid

0.88 Liquid

0.82 Weak gel
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Cheung, & Nakai, 1983) it has been reported that high
solubility and surface hydrophobicity are important
factors on emulsion capacity. During Fr 1 subfraction-
ing (Fig. 3), Fr A resulted with a high molecular weight,
which suggests the presence of aggregates, probably
induced by acid precipitation.

Fig. 6 shows microstructure of cream phase of Fr 1,
Fr A and Fr B emulsions. The lower drop size in Fr B
was evident and likely due to lower molecular weight
and higher interfacial activity of its proteins. The
insoluble protein aggregates present in Fr A, lead to
interfacial film deformation and rupture (Fig. 6b). Thus,
their existence due to strong protein–protein and/or
protein–polysaccharide interactions prevented the for-
mation of stable emulsions.

Additional information on drop–drop interactions
and film strength was obtained through rheological
studies upon creams resulting from emulsion centrifuga-
tion. Viscoelastic behavior was only detected in emul-
sions from Fr 1, Fr 2 and Fr C (Fig. 7), while the rest
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Fig. 6. Microstructure of emulsions prepared with Fr 1 (a), Fr A (b),

Fr B (c). Arrows indicate insoluble aggregates and film deformation.

Magnification: 100� .
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Fig. 5. Creaming process of emulsions prepared with yeast fractions
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the destabilization, variation of mean values of BS (%) as a function of

time was analysed from back scattering profiles. Measurement zone

corresponding to 5–7mm was indicated in Fig. 4a as a horizontal bar.

Maximum standard deviation was 5%.
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became liquid (data not shown). Fr 1 and Fr C cream
layers exhibited viscoelastic properties typical of weak
gels (Fig. 7a, c, d) with G00XG0 below a frequency of
about 0.2Hz and G04G00 above a frequency of 0.2Hz.
On the contrary, Fr 2 cream phase presented a gel-like
structure with G04G00 and tan do1 throughout the
entire frequency range (Fig. 7b,d). This behavior could
be a consequence of polysaccharides acting as thicken-
ing or structural agents more than floc formation
agents as is probably the case in Fr 1 and Fr C
mainly constituted of proteins. On the other hand,
the high coalescence in emulsions from Fr 3 and
Fr A explains the liquid behavior in their creams. The
liquid cream phase of Fr B emulsion could be due to the
high hydration of proteins absorbed onto interface
(McClements, 1999). Cream layers derived from Fr 3
and Fr A presented a small volume of cream phase with
respect to the emulsion volume (Vr in Table 5) since
coalescence lead to water molecule exclusion due to high
drop collision efficiency and hydrophobic interactions.

Highly hydrated cream layers (Vr40.8, Table 5)
presented different rheological behavior. This result
can be explained through cream phase properties in each
case. Gel-like structure in Fr 2 would be due to strong
interactions between water molecule and hydrophilic
groups in polysaccharides, the main components of this
fraction. Concerning the emulsions from Fr 1, Fr B and
Fr C, proteins are adsorbed at the interface and form
rigid films, as is suggested by EAI values and
coalescence resistance. Floc formation through pro-
tein–protein interactions would explain the viscoelastic
performance of creams derived from Fr 1 being different
from those obtained from Fr B where no flocs were
observed (Fig. 6), and therefore with liquid rheological
behavior.
It is very interesting to compare jointly all the
measured properties of Fr A, Fr B and Fr C with
respect to Fr 1. Fr 1 was the main proteinaceous
fractions obtained from Kluyveromyces fragilis cell wall
by alkali extraction, acid precipitation and the first
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chromatographic separation. When Fr 1 was fractio-
nated on a second chromatographic assay, Fr A was the
main fraction (65%, Table 3). Thus, comparable
properties for these samples would be expected. Also,
even though composition of Fr 1 and Fr A were similar,
the surface and emulsifying properties were different
(Table 5, Figs. 4 and 5, Po0:05). On the contrary, Fr B
and Fr C, which represented only 7.5% and 5% of Fr 1
subfractions, exhibited values of D32, BS1 and emulsion
stability similar to Fr 1. Protein species of Fr B behaved
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as surface agent (high EAI and low D32 values) while
those of Fr C behaved as structural agent (viscoelastic
behavior of cream layer). Therefore surface and
emulsifying properties of each fraction were mainly
influenced by the nature of protein molecules more than
by the total protein content.

Results on composition and emulsifying properties of
bioemulsifier from S. cerevisiae have been reported by
Barriga et al. (1999). This emulsifier was resolved into
two major component, which were labeled a and b. The
a component, with the high emulsifying activity, was
identified as a cell wall mannoprotein and had a high
protein–carbohydrate ratio when compared with the b
component. The b component, consistent with its high
content of carbohydrate and low content of protein, was
very water-soluble and exhibited a low interfacial
activity. Nevertheless, this component can contribute
to the emulsion stability. According to their composi-
tion and interfacial behavior, a and b componets from
S. cerevisiae would be comparable with those of Fr 1
and Fr 2 from K. fragilis even though the methods of
isolation and properties evaluation were very different.

In conclusion, different proteinaceous fractions were
obtained from Kluyveromyces fragilis cell wall by alkali
extraction, acid precipitation and chromatographic
separation. Their surface and emulsifying properties
can be explained on the bases of protein/carbohydrate
ratio and water solubility. These results provide useful
information for further applications at the food
industry.
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