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Abstract

The properties of kefiran as a texture modifier was evaluated providing new perspectives in understanding the
rheology of fermented dairy products and the possibility of using this generally recognized as safe
polysaccharide as an additive in dairy and other foods. For this purpose, the effect of kefiran, Sodium Caseinates
(SCN) and Whey Proteins Concentrates (WPC) addition on the rheological behavior of glucono-6-lactone (GDL)
induced milk gels was evaluated. The acidified milk samples were prepared from homogenized and pasteurized
full fat (3.5%) bovine milk with or without the addition of kefiran, SCN and WPC at 1.5% concentration. The
incubation temperature was set at 37°C. According to the results, the incubation time required for the pH to reach
4.4 increased with increasing SCN and WPC concentration. Kefiran addition did not affect incubation time,
however it did enhanced elasticity, apparent viscosity and thixotropic behavior of milk gels. The impact effect of
kefiran on the rheological behavior of acid milk gels was more pronounced when compared to that of WPC, but
lower to SCN effect. The protein matrix of GDL induced milk gels is governed by hydrophilic interactions in the
presence of kefiran or WPC and by hydrophobic ones when SCN are added.

Keywords: kefiran, sodium caseinates, whey protein concentrates, glucono-6-lactone induced milk gels,
apparent viscosity, viscoelastic properties

1. Introduction

The main polysaccharide, found in kefir and kefir grains, is kefiran. Kefiran accounts for almost half of the dry
kefir grain weight (Abraham & De Antoni, 1999) and together with milk proteins forms the matrix of the grains
where the symbiotic microflora responsible for kefir formation is embedded. It is a water-soluble exo-cellular
hetero-polysaccharide (EPS) produced from specific lactic acid bacteria (LAB) and consists of almost equal
amounts of glucose and galactose (glucogalactan). In its structure a repeating pentasaccharide unit is observed
that displays in random positions one to two monosaccharide branches (Kooiman, 1968; Micheli, Uccelletti,
Palleshi, & Crescenzi, 1999). Reports regarding its average molecular weight vary between 1x10* to 4x10° g
mol ™ (Rimada & Abraham, 2003; Yokoi, Watanabe, Fuji, Toba, & Adachi, 1990).

The biological role of kefiran, similar to other bacterial EPS, is the protection of the bacterial cells from adverse
conditions, occurring in their environment, and contrary to the biosynthesis of homo-polysaccharides (usually
produced by single enzymatic reactions), the formation of hetero-polysaccharides like kefiran consists of several
stages, where more than one enzymes are involved, and it depends on the bacterial carbohydrate metabolism and
the growth achieved during fermentation (Duboc & Mollet, 2001).

During the last 15 years EPS, similar to kefiran, produced by generally recognized as safe (GRAS) LAB have
gained increased attention (Ruas-Madiedo & de los Reyes-Gavilan, 2005). LAB are widely used in the dairy
industry and their polysaccharide producing ability plays a particular role to the rheological properties, and
consequently to a certain extent, the organoleptic characteristics of the resulting dairy products (Rimada &
Abraham, 2006). Multiple functional roles have been assigned to the presence of these heteropolysaccharides in
food systems, such as enhancement of viscosity, suspension of particulates, inhibition of syneresis, product
stabilization and emulsification (Duboc & Mollet, 2001; Rimada & Abraham, 2006; Vaningelgem, Zamfir,
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Adriany, & De Vuyst, 2004). Additionally many other qualities have been allocated to polysaccharides like
kefiran and some of these include therapeutic effects on asthma patients (Kwon et al., 2008) and antagonistic
properties against virulence factors (Medrano, Hamet, Abraham, & Perez, 2009).

The study of the rheological behavior of kefiran in acidified milk gel is of great scientific and commercial
interest due to the inherent potential of the polysaccharide for use as texture modifier. So far, only Rimada and
Abraham (2006) studied the effect of kefiran addition on the apparent viscosity and viscoelastic properties
(derived by dynamic analysis) of acidified milk gels. Therefore, the aim of the present work was to study the
effect of kefiran and milk protein addition on the rheological and viscoelastic behavior of acidified milk gels.
Milk acidification has been simulated chemically by the use of glucono-6-lactone (GDL), instead of using starter
cultures, so as to evaluate kefiran behavior without the presence of other polysaccharides produced by the lactic
acid bacteria. Milk proteins (Sodium Caseinates-SCN and Whey Protein Concentrates-WPC) were used in order
to compare their effect with that of kefiran. Incubation temperature was chosen so as to simulate the production
of yogurt, the most popular fermented milk product all around the world. The rheological behavior of the
samples was studied by the use of dynamic analysis and by the determination of the apparent viscosity of the
samples.Viscosity is an important property of liquid-like products affecting their final quality and allowing the
correct selection of equipment in the food industry. Dynamic analysis gives information about the energy stored
and dissipated into a material.

2. Materials and Methods
2.1 Materials

Kefir grains derived from a household were used for kefiran production. SCN (MIPRODAN 30; Arla Food
Ingredients, Viby J., Denmark) (moisture < 6; proteins 88-93.5; fat 1.5; ash 4; lactose 0.3) and WPC (Hellenic
Protein S.A., Athens, Greece) (moisture < 5; proteins 80; fat 3.5; ash 3; lactose 10.4) were used as protein
supplements.

2.2 Fermentation Process

The kefir grains were activated by successive sub-cultures in skimmed Ultra High Temperature (UHT) milk at
25°C using a grain inoculum ratio of 3 % (w/w) and until a pH of 4.4 was achieved within 24 hours of
incubation (Cooled Incubator Series 8000, Termaks AS, Bergen, Norway). Fermentations aimed in activating the
lactic acid bacteria so as to produce increased amounts of kefiran and to increase the mass of kefir grains.

2.3 Isolation of Kefiran

Following fermentation the grains were broken down in warm (at 80°C) deionised water and the solution was
then treated with trichloroacetic acid (12% w/w) for 24 h at 4°C. Heating at 80°C assists the liberation of the
cell-wall bound polysaccharide whereas treatment with trichloroacetic acid facilitates the precipitation and
removal of proteins. The proteins and microbial cells were then removed via centrifugation at 10000 g (RC-3,
Sorvall, France). Low molecular weight contaminants (e.g. sugars, amino acids, peptides, salts) were
subsequently removed by 3 successive ethanol precipitation steps of the polysaccharide (1:2 vols of ethanol, at
4°C) followed by centrifugation. The purified kefiran was then lyophilised to produce the final working
preparation of the carbohydrate. The above described kefiran purification method is a combination of treatment
steps as described by Rimada and Abraham (2003) and Ruas-Mediedo and de los Reyes-Gavilan (2005).

2.4 Preparation of Acid Milk Gels

The milk proteins (SCN and WPC) were added to the milk (before its heat treatment) at a concentration of 1.5%
w/w and dissolved in a Grant GLS400 shaking water-bath (Grant Instruments Ltd, Cambridge, G.B.) under
continuous stirring for 20 min at 35°C. The kefiran was first diluted in deionised water (at a concentration of 25%
w/w) under continuous stirring for 1h at 80°C and then was added to the milk at a concentration of 1.5% w/w
(resulting in a final pH value in acid milk gels around 4.4). The milk with or without the additives was
heat-treated at 85°C for 15 min and then cooled down at 37°C. The GDL was added into the milk at a
concentration of 1.3% w/w and stirred for 2 min. The samples were then incubated at 37°C until the pH value
reached 4.4. The selection of incubation temperature, was made so as to simulate the production of yogurt.
Particularly, the rate of acidification and the final incubation time is a function of incubation temperature. GDL is
rapidly hydrolysed to gluconic acid at high temperatures. The temperature of 37°C resulted in a total incubation
time of approximately 3-4.5 hours for all samples, which corresponds to the fermentation time of yogurt.
Following incubation, the samples were mixed gently (20 times) and stored for 24 h before testing. All samples
were produced in duplicate.
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2.5 Determination of pH
A AGP353 ATCpH METER (EDT Instruments, Kent U.K.) was used for pH measurements during fermentation.
2.6 Rheological Measurements

The “Large” deformation tests can provide information about the structure of a material, while the “small
deformation tests” can describe its viscoelastic behavior (study of the chemical bonds that comprise a protein
network). Rheological measurements were made using a DMA rheometer (Bohlin C-VOR 150, Malvern
Instruments Ltd, Worcestershire, UK), while a Peltier plate system (—30 to + 180°C) was used for temperature
control. Rheological measurements were conducted in triplicate.

2.6.1 Viscoelastic Properties of Acid Milk Gels

The viscoelastic properties of acid milk gels were evaluated by the use of dynamic analysis. The DMA
rheometer was equipped with a 40 mm diameter serrated plate so as no slip effects will occur during the
measurements. The samples were placed in specially made aluminum sample containers (height 10 mm and
diameter 40 mm) that had also serrated surface. The upper plate was lowered so as to get in touch with the
surface of the sample (approximately 1500 pm). Rheological measurements were performed at two different
temperatures (4°C and 25°C) aiming to reveal whether the chemical bonds of the acid gels, that contribute to its
elasticity, have entropy or enthalpy nature.

A frequency sweep from 0.01 to 10 Hz was applied at strain deformation within the linear viscoelastic region
(1.104 x 107, previously determined by an amplitude test, The elastic (G') and viscous (G") moduli as well as
the loss tangent (tan §) of the samples were determined.

2.6.2 Apparent Viscosity of Acid Milk Gels

The determination of the apparent viscosity was made by the use of Bohlin equipped with a 4° stainless steel
cone. An amount of the sample was placed between the cone and the parallel plate-base of the theometer. After
lowering the cone to the measuring position (the gap was set to 150 um), the excess sample was trimmed off the
edges of the cone using a spatula. The strain rate applied was first increased from 0.1 to 100 s and then
decreased from 100 to 0.1 s™', so as to study the thixotropic behavior of the samples. The determination of the
apparent viscosity was made at 25°C. From the flow curves of the samples the hysteresis area (the area between
the upward and downward curves) (Ay) was calculated.

2.7 Statistical Analysis

The statistical analysis of the experimental data was performed using one-way (incubation time and Ag) or
two-way (viscoelastic properties) Anova, while the Tukey multiple comparison test determined whether
statistically significant differences occurred among means. The Minitab 16.0 statistical software was used for the
statistical analysis.

3. Results and Discussion
3.1 Incubation Time

According to one-way Anova, the incubation time was significantly affected by supplement addition (p<0.001).
As it can be seen in Figure 1, the sample made with SCN exhibited the highest incubation time, followed by the
sample made with WPC, while the sample with kefiran addition exhibited the same incubation time with the
control sample. Tukey test confirmed the order of samples presented in Figure 1. The increase in fermentation
time with SCN and WPC addition is due to the increased buffering capacity of the system because of the
presence of proteins. Both caseins and whey proteins possess high buffering capacity resulting in more lactic
acid production in order to reduce the pH of the samples. However, caseins have higher buffering capacity when
compared to whey proteins (Salaiin, Mietton, & Gaucheron, 2005), exhibiting the highest incubation time of all
samples. Kefiran, as expected, did not affect the incubation time of GDL induced milk gels.

3.2 Viscoelastic Properties

The G' and tan & were significantly affected by supplement addition (p<0.001) and temperature during
rheological measurements (p<0.001), as well as by their interaction (p<0.001) (Figures 2 and 3, respectively).
The control sample and the sample made with SCN addition exhibited increased elasticity (increased values of
G") with increasing temperature (Figure 2). This is an indication that the protein matrix formed during
acidification is governed by hydrophobic interactions. Caseins have both hydrophilic and hydrophobic groups.
Among caseins, B-casein is the most hydrophobic one, followed by oy - and ay,-caseins. The most hydrophilic
casein, k-casein, is located at the surface of the casein micelles so as to allow them to be in colloidal dispersion
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in the milk serum (Walstra, Wouters, & Geurts, 2006). During milk acidification the colloidal calcium phosphate
dissociates from the casein micelles into the milk serum reducing their size and liberating the monomers of
caseins (Lucey, 2004). Thus, the hydrophobic caseins have the opportunity to interact each other, contributing to
the elasticity of the final matrix. The caseins predominate in milk (control sample) at a percentage of 80% of the
total proteins (Walstra et al., 2006), while the addition of SCN increases the number of hydrophobic groups
present at the system. At both cases it seems that the hydrophobic interactions dominate.
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Figure 1. Effect of milk proteins (Sodium Caseinates-SCN and Whey Protein Concentrates-WPC) and kefiran
addition on the incubation time of acid milk gels

In contrast, samples made with WPC and kefiran resulted in reduced elasticity with increasing temperature
(Figure 2). Denatured WPC have a hydrophilic nature and increased water holding capacity (Chandan, 2006).
During heat-treatment of milk WPC denature and form complexes with k-casein (Lucey, Munro, & Singh, 1998),
increasing the water holding capacity of the gel (Chandan, 2006) and the number of hydrophilic groups existing.
Thus, the addition of WPC into the milk system increases the hydrophilic nature of the protein matrix formed.

The decrease in G' values of the sample made with kefiran addition with increasing temperature (Figure 2)
indicates that the interactions formed between kefiran and milk proteins are hydrophilic. These interactions
might be electrostatic or hydrogen bonding. According to Doublier, Garnier, Renard and Sanchez (2000),
electrostatic interactions between oppositively charged proteins and polysaccharides are, in most cases, the
prevalent primary interactions in associative mixed biopolymer systems. The authors also reported that in some
examples primary macromolecule interactions can be included by hydrogen bonding. In both cases the
interactions formed have hydrophilic nature. Thus, the attractive interactions between negatively charged
polysaccharides and the positively charged proteins (Duboc & Mollet, 2001; Girard & Schaffer-Lequart, 2007)
might be responsible for the increased elasticity at 4°C of the sample made with kefiran addition when compared
to control sample (Figure 2). The final pH values of the samples (4.4) are below the isoelectric point of milk
proteins that is 4.6 for caseins and 5.2 for whey proteins (Lucey, Tamehana, Singh, & Munro, 1998) resulting in
positively charged protein molecules. These interactions predominate at the protein matrix resulting in decreased
elasticity with increasing temperature.

The elastic behavior predominated (the values of tan & was below 1.0) at all samples, besides control, at 4°C
(Figure 3). This means that milk proteins as well as kefiran contribute to the elasticity of the gel. Increasing the
temperature of rheological measurements enhanced the liquid-like behavior of the samples made with WPC and
kefiran. The increased liquid-like behavior of the samples is due to their hydrophilic nature. The increase was
more pronounced at WPC (due to their increased water holding capacity), attributing them the most liquid-like
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behavior. The control sample and the sample prepared with SCN increased further their solid-like behavior with
increasing temperature, due to the hydrophobic interactions of caseins that govern the protein matrix that is being
formed.
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Figure 2. Effect of supplement addition (Sodium Caseinates-SCN, Whey Protein Concentrates-WPC and kefiran)
and temperature (during rheological measurements) on the elastic modulus (G') of acid milk gels
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Figure 3. Effect of supplement addition (Sodium Caseinates-SCN, Whey Protein Concentrates-WPC and kefiran)
and temperature (during rheological measurements) on the tan 6 of acid milk gels
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3.3 Apparent Viscosity

The flow curves of GDL induced acid milk gels are shown in Figure 4. As it can be seen, the sample with SCN
addition exhibited the maximum increase in apparent viscosity, followed by the sample prepared with kefiran.
WPC addition slightly increased the apparent viscosity of the gel (compared with control sample). Caseins exist
in milk system in the form of complexes (micelles), while whey proteins are dispersed in the whey as monomers
(Chandan, 2006). This means that the aggregates of caseins have increased hydrodynamic volume and thus
increased resistance in the application of stress. Kefiran interacts with milk proteins resulting in the formation of
aggregates that have also increased hydrodynamic volume and increased resistance to flow. However, these
aggregates are smaller when compared to that formed in the presence of caseins.

It is evident from the flow curves of the samples that the acid milk gels have thixotropic behavior that is their
apparent viscosity is reduced with shear rate as well as with time increase. This means that the bonds or
interactions formed during acidification are continuously destroyed (a continuously breakdown of the structure)
by the application of shear. A measure of the thixotropic behavior is the area enclosed between the upward and
downward curves (Ay).
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Figure 4. Effect of milk proteins (Sodium Caseinates-SCN and Whey Protein Concentrates-WPC) and kefiran
addition on the apparent viscosity (1) of acid milk gels (SCN: green line; kefiran: red line; WPC: pink line;
control: blue line). Where y is the strain rate
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Figure 5. Effect of milk proteins (Sodium Caseinates-SCN and Whey Protein Concentrates-WPC) and kefiran
addition on the hysteresis area (Ag) of acid milk gels
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According to one-way Anova, the A, was significantly affected by supplement addition (p<<0.001). As it can be
seen in Figure 5, SCN addition resulted in the highest thixotropic behavior, followed by kefiran addition, while
WPC exhibited the lowest thixotropic behavior even from the control sample. The Tukey test showed that A,
increased in the following order: WPC < control < kefiran < SCN. Addition of SCN, kefiran or WPC into the
milk system increases the number of interactions formed. When the molecules are linked together by weak
forces the interparticle linkages are broken, when the hydrodynamic forces during shear are sufficient high. This
results in reduction in size of the structural units that, in turn, offers lower resistance to flow during shear (Rao,
1999). Thus interactions between casein molecules, as well as kefiran and milk proteins are weaker when
compared to those between whey proteins or whey proteins and caseins.

4. Conclusion

Kefiran, the polysaccharide derived from kefir grains, can be used as a texture modifier, as it enhanced elasticity,
apparent viscosity and thixotropic behavior of GDL induced milk gels. Particularly, the impact effect of kefiran
on the rheological behavior of acid milk gels was more pronounced when compared to that of WPC but lower to
SCN effect. In the presence of kefiran or WPC the protein matrix of milk gels is governed by hydrophilic
interactions, and by hydrophobic ones when SCN are added. Kefiran addition did not affect incubation time.
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