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Figure 2.  (I) MSD curve evolution as a function of time during
yogurt formation. (II) Scaling factors a and b as a function of time.

Milk becomes yogurt when its pH decreases. The simplest way, therefore, is to add lemon juice. When the pH reaches a value close
to pH 5.0-5.2 the casein micelles start to coagulate, because the electrostatic repulsion is deleted. Instead of lemon juice, starters are
used in modern yogurts. These starters, usually composed of two strains, have two functions. One strain decreases the pH by the
transformation of lactose to lactic acid, whereas the other strain produces exopolysaccharides from lactose. These polymers are
crucial for texture. Depending on the application, the starters are carefully chosen by the formulator.

Rheolaser Master is based on Diffusing Wave Spectroscopy
(DWS), a multiple light scattering technique. Light is
backscattered by scatterers in the sample. The
microstructure motion inside the sample (droplets,
crystallites, etc.), creates an interference pattern (Speckle
Image). Variation of this image in time is directly related to
the mobility of the scatterers. (Figure 1). The faster the
Speckle Image changes in time, the higher the mobility of the
microstructure. By mathematical treatment, Mean Square
Displacement (MSD) curves are obtained (Figure 2-I), which
contain the viscoelastic information. Short straight lines (red
curves) indicate the liquid behavior of the sample, whereas
curves with a plateau, the so-called elastic plateau (blue
curve), indicate gel-like or solid-like behavior.

Yogurt is obtained by the acidification of milk. Figure 2.I shows the
evolution of MSD curves during an experiment with whole milk
(UHT) and 1 wt% of GDL at 40°C. As mentioned before the MSD
curves evolve from linear (top left), i.e. liquid behavior, to curves
with a plateau (lower right), which is characteristic of gel-like
samples.
The gel point is determined with the Time-Cure-Superposition (TCS)
method. TCS consists in rescaling the MSD curves with factors a
and b, which gives a characteristic v-shaped curve indicating the gel
point as shown in Figure 2.II (see application note RHMAS-TN-01
for more details).
This yogurt sample with UHT milk and 1 wt% of GDL gelled at
42’25”. The pH was measured in parallel and the gelation took
place at a pH of about 5.11, as expected. 

Dairy products become worldwide very important, especially when dealing with protein-
rich nutrition. It is therefore critical to ensure the quality of the textural properties for
consumer acceptance. Yogurt is the gelation of milk by pH reduction (acidification).
Rheological measurements of yogurts, especially during gelation are complex as the gel
network is weak and can easily be disturbed by intrusive methods such as mechanical
rheology. Rheolaser Master performs zero-shear measurements using an optical
method based on laser backscattering. This application note shows, how Reholaser
Master monitors the whole yogurt formation, from the addition of the starters until pH
4.6. The impact of different kinds of milk (fat and protein content) and milk treatment is
demonstrated. 
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Figure 1. Schematical representation of the measurement set-
up.
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Impact of functional proteins 
As mentioned earlier, low-fat yogurt has a significantly lower
elasticity than normal-fat yogurt. This lack of elasticity is often
recognized by the consumer as a lack of consistency and full
mouth feeling. Functional proteins can improve this by increasing
by mimicking the role of the fat globules. Figure 6 shows the EI
increase after adding Protein 1.
On the contrary,  normal-fat yogurts can be perceived as "too
creamy", leading to a rejection. Adding a functional protein
(Protein 2) introduces failure in the network, hence, a lower
Elasticity Index. This is perceived by the customer as less creamy,
although the fat content is the same.

Not only starters can influence gel formation and gel properties of
yogurts. Since proteins (casein) form the gel network, the protein
content directly influences the elasticity. Figure 2 shows the
evolution of the EI during gelation for different GDL/protein ratios.
(GDL = glucono-δ-lactone). With an increasing GDL/protein ratio,
more proteins are acidified and able to form the network.
Consequently, the EI increases and gelation occurs at shorter
times. The gel points were obtained with the TCS method.

Figure 4 shows the evolution of EI as a function of the pH of
different yogurt recipes, using the same milk, but different
starters. The starters show different behavior with different
kinetics and final Elasticity Indices. Indeed, the starters are
composed of two strains. One is responsible for decreasing pH
by transforming lactose into lactic acid, which finally induces
coagulation. The other strain forms exopolysaccharides
(EPS).The more and longer these EPS, the higher elasticity and
viscosity of the yogurts. Rheolaser Master can immediately give
information about the impact of starters on yogurt formation,
making it a valuable help in product development. 

Yogurts exist with different fat content (low or no fat and normal
fat). Although fat globules are not directly involved in the network,
their presence supports the yogurt. This is shown in Figure 6. The
final Elasticity Index (clear colors) of standard recipes is increasing
with increasing fat content.

Rheolaser measures the viscoelastic properties, such as the
elasticity index (EI). The higher the EI, the higher the elasticity of
the dairy product. Figure 3 shows the Elasticity Index of
different yogurt formations with the same starter, but different
milk preparation. There was homogenization applied and/or
different heat treatments, which are typical for dairy products.
In the beginning, the EI is not changing, as the starters need
time for activation and the decrease of pH. When pH reaches a
value of 5.2 to 5.0, gelation occurs, indicated by an increase in
the EI. After a sharp increase, the sample's EI reaches a pseudo
plateau.  
Homogenization and heat treatment significantly impact
gelation time (onset of EI increase) and final elasticity. Higher
temperature treatment improves gel strength, due to the
denaturation of the whey proteins.  

Rheolaser Master uses an optical, non-invasive, and non-destructive measurement technique, which is therefore
perfectly adapted to study the gelation of milk. It is highly sensitive in the determination of gel point, gel strength,
and other textural parameters as a function of milk, milk preparation, and additives. For a more detailed study on

the correlation of sensorial properties with the results of Rheolaser Master, refer to RHMAS-AN-002.

Figure 5. Evolution of EI as a function of time during the formation of yogurts
with different GDL/protein ratios. 
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Influence of starter 

Influence of milk preparation 

Figure 3. Evolution of EI as a function of time during the formation of
yogurts using the same starter but different milk preparations.

Influence of protein content

Figure 4. Evolution of EI as a function of time during the formation of
yogurts using the same milk preparation but different starters.
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Influence of fat content

Figure 6. Influence of milk fat and functional proteins on the gel strength of
yogurts. 
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