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A b s t r a c t

The aim of this study was to assess changes in rheological characteristics and droplet size
distribution in emulsions studied under the influence of the one- and two-stage homogenization
processes, carried out at a pressure higher than in standard industry practice. The material consisted
of food emulsions of the o/w type, with an oil phase content of 9%, 12%, and 18% of mass, in a 20%
solution of milk protein concentrate. The one- and two-stage homogenization processes were carried
out using a „Panda” laboratory homogenizer from GEA Niro-Soavi at the pressure of 30 MPa and
30/6 MPa at 45,0 ± 0,5oC. The degree of fat despersion was determined with the microscopic method,
by using computer image analysis. The flow curves of the emulsions tested were determined using the
rheometer of the Rheostress1 type with a concentric cylinder system Rotor 234 DIN 53019, at an
increasing shear rate (γ) ranging from 0,04 to 700 s–1. Changes in shear stress versus shear rate value
σ = f(γ̇)were described using the Ostwald de Waele power-law model. It was found that subjecting
food emulsions to one- and two-stage homogenization pressure resulted in changes in the rheological
parameters of flow curves. Droplet size depended on the percentage of oil in the emulsion and
homogenization conditions. The homogenization process was followed by a significant decline of the
consistency coefficient and a slight increase in the flow rate. These changes prove the effect of the
homogenization process on the structure of emulsions.
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A b s t r a k t

Celem niniejszej pracy było dokonanie oceny zmian charakterystyk reologicznych oraz rozkładu
wielkości kropel w badanych emulsjach pod wpływem procesu jedno- i dwustopniowej homogenizacji
prowadzonej przy ciśnieniu wyższym niż w praktyce przemysłowej. Materiał do badań stanowiły
emulsje spożywcze typu o/w o zawartości fazy olejowej 9%, 12% oraz 18% mas, w 20% roztworze
koncentratu białek mleka. Proces homogenizacji jedno- i dwustopniowej prowadzono za pomocą
laboratoryjnego homogenizatora „Panda” firmy GEA Niro-Soavi przy ciśnieniu odpowiednio 30 MPa
i 30/6 MPa w temperaturze 45.0 ± 0.5oC. Stopień dyspersji tłuszczu określono metodą mikroskopową
z wykorzystaniem komputerowej analizy obrazu. Krzywe płynięcia badanych emulsji wyznaczano za
pomocą reometru typu Rheostress1 z układem cylindrów koncentrycznych Rotor 234 DIN 53019 przy
rosnących szybkościach ścinania γ̇ w zakresie od 0,04 do 700 s–1. Zmiany naprężenia stycznego
w funkcji szybkości ścinania σ = f(γ̇) przybliżono modelem potęgowym Ostwalda de Waele. Stwier-
dzono, że poddanie emulsji spożywczych jedno- i dwustopniowej homogenizacji ciśnieniowej
prowadziło do zmian parametrów reologicznych krzywych płynięcia. Wielkości kropel zależały od
udziału oleju w emulsji i warunków homogenizacji. Po procesie homogenizacji następował wyraźny
spadek wartości współczynnika konsystencji oraz nieznaczny wzrost wskaźnika płynięcia. Zmiany te
dowodzą wpływu procesu homogenizacji na strukturę emulsji.

Introduction

The pressure homogenization process is an effective method used in many
industries in the production of highly dispersed biological emulsions and
suspensions (THIEBAUN et al 2003). The final result of this operation depends
on the properties of the emulsion’s components, type and amount of an
emulsifier introduced and the manner of conducting the process. An appropri-
ate selection of these parameters leads to a high quality product of homogene-
ous structure, better consistency and high stability ( THIEBAUN et al. 2003,
STEFFE 1996.). Perception of consistency and taste sensation during the
consumption of food emulsions and homogenized juices are closely related to
the particles size distribution of the dispersed phase (STEFFE 1996, PERRECHIL

and CUNHA 2010, BIASUTTI et al. 2010, YONG WANG DONG et al 2011). The
degree of dispersion of the emulsion droplets and the resulting changes in
viscosity depend primarily on the participation of the dispersed phase and the
homogenization pressure (KIEŁCZEWSKA et al. 2006, MASSON et al 2011,
RÓŻAŃSKA et al. 2012). Flow characteristics of emulsions containing a relatively
high proportion of the dispersed phase may be of a non-Newtonian character,
as indicated by publications (DŁUŻEWSKA and LESZCZYŃSKI 2005, PERRECHIL

and CUNHA 2010).
The aim of the study was to assess changes in the parameters and rheology

characteristics and droplet size distribution of the food emulsions tested under
the influence of one- and two-stage homogenization processes carried out at
a pressure higher than that of standard industry practice.
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Material and Methods

The material consisted of food emulsions of the o/w type, with an oil
content of 9, 12 and 18% of mass, in a 20% solution of milk protein concentrate,
prepared in a laboratory. The emulsion was prepared at 45 ± 0,2oC by adding
up to 20% of the milk protein solution (MPC 75), comprising a continuous
phase and olive oil in an amount shown in Table 1. In order to obtain the
primary emulsion, a seven-minute dispersion was applied with the use of
a laboratory mixer. Then, maintaining the temperature at 45 ± 0,2oC, emul-
sions were deaerated under a vacuum.

Table 1
Composition of food emulsions of o/w type

Concentration of the oil
Product name phase in the emulsion

[%] w/w

20% solution of milk Olive oil
proteins [g] [g]

9.0 910 90
12.0 880 120
18.0 820 180

Food emulsions
of o/w type

The one-and two-stage homogenization processes were carried out using
a „Panda” laboratory homogenizer from GEA Niro Soavi at a pressure of
30MPa and 30/6 MPa respectively, at the same temperature as of when
preparing the emulsion. Microscopy was used to assess the structures of the
studied emulsions. Oil droplet size wasa determined by computer image
analysis using the Lucia G software (Laboratory Imaging Ltd. LUCIA, Czech
Republic). The diameter of oil droplets visible in the microscopic field were
measured at 40x magnification. The flow curves of the emulsion before and
after homogenization were determined at an increasing shear rate ranging
from 0.04 to 700 s–1 using a Haake Rheo Stress® 1 rotating rheometer with
a cylinder concentric system (234 DIN 53019). Shear stress changes as
a function of shear rate was presented by the power law equation

σ = Kγ̇ n (1)

where:
σ – shear stress [Pa],
K – consistency coefficient [Pasn ],
n – flow rate,
γ̇ – shear rate.
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Calculations of flow curves’ parameters and a statistic analysis were
performed with the use of Statistica v. 8.0 (StatSoft Inc. 2008), assuming the
level of significance p≤0.05 to verify statistical hypotheses.

Conclusions and Discussion

Figure 1 shows the flow characteristics of food emulsions, while Table
2 summarizes the results of calculating the characteristics equation of flow
curves, consisting of the power functions of the media tested. As a measure of
the rheological model adjustment to the empirical flow curve assumed there
were assumed high values of the coefficient of determination R2 (Tab.2). The
non-linear process based on the shear stress versus shear rate σ = f(γ̇) relation,
shows a non-Newtonian flow of emulsions that pseudoplastic liquids exhibit.
Similar tendencies were found by BIASUTTI et al. 2010. The compiled data
shows that the concentration of the oil phase has a very strong effect on the
rheological properties of the emulsion. A doubled concentration of oil causes an
increase in the apparent viscosity (Fig. 2.) The process of pressure homogeniz-
ation in each test case led to changes in droplet size in the dispersed phase,
which also contributed to changes in the value of consistency coefficients K and
a slight increase in flow rates n (SAN MARTIN – GONZALEZ et al. 2009). The
highest coefficient of consistency in the processes of one- and two-stage
homogenization (K = 0.128 Pasn and K = 0.095 Pasn respectively) was
characteristic to the emulsion containing an oil phase of 18%, whereas the
smallest value of the consistency coefficient K was attributed to the emulsion
with the 9% oil phase concentration (K = 0.037 Pasn).

Fig. 1. Flow characteristics of the tested food emulsions
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Fig. 2. Effect of the content of the oil phase to the apparent viscosity of the emulsion tested

Table 2
Parameters of the power low equation

Ostwald – de Waele Współczynnik
Model determinacji

K [Pasn] n [-] R2

Food emulsion
of oil phase content Process type

[%] mas.

Non-homogenized NH 0.163 0.635 0.997
9.0 Homogenized Io 30 MPa H30MPa 0.066 0.682 0.994

Homogenized IIo 30/6MPa H30/6MPa 0.037 0.757 0.993

Non-homogenized NH 0.110 0.683 0.991
12.0 Homogenized Io 30 MPa H30MPa 0.058 0.721 0.991

Homogenized IIo 30/6MPa H30/6MPa 0.082 0.695 0.996

Non-homogenized NH 0.190 0.678 0.998
18.0 Homogenized Io 30 MPa H30MPa 0.098 0.689 0.997

Homogenized IIo 30/6MPa H30/6MPa 0.095 0.693 0.998

The figures 3–5 present sample images of the distribution of drops in the
emulsions tested that show clear differences in the dispersed phase. These
pictures prove that prior to homogenization droplets size in emulsions is the
biggest and the value of Sauter diameter mean size D32 ranges from 2.792 to
3.482 μm (Fig. 3). Submitting the emulsion to single-stage homogenization
process at a pressure of 30MPa resulted in almost double reduction in the size
of droplets, the average value D32 of which ranged from 1.262 to 1.673 μm
(Fig. 4), whereas the process of two-stage homogenization at a pressure of 30/6
MPa led to further reduction of the droplets diameter D32, ranging from 1.097
to 1.265 μm. This caused the decrease of the apparent viscosity, which is also
confirmed in the works of FLOURY et al. and KUHN et al. The dependence of the
average value of Sauter diameter D32 on the pressure homogenization process
is shown in Figure 6.
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Fig. 3. Microscopic images of food emulsion before pressure homogenization process of the concentra-
tion of oil phase: a – 9%, b – 12%, c – 18%
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Fig. 4. Microscopic images of food emulsion after the single-stage homogenization process at
a pressure of30 MPa of the concentration of oil phase: a – 9%, b – 12%, c – 18%
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Fig. 5. Microscopic images of food emulsion after the two-stage homogenization process at a pressure
of 30.6 MPa of concentration of oil phase: a – 9%, b – 12%, c – 18%

The influence of homogenization and oil phase concentration type on the
droplet’s distribution in food emulsions was evaluated by the one-way analysis
of variance using an NIR test. Sources of variation under consideration were
the type of process (non-homogenized NH, one-stage homogenized H30MPa,
two-stage homogenized H30/6MPa) and the type of oil phase concentration
(9%, 12%, 18%). The obtained results of the analysis of variance indicate that
on the size of droplets in the emulsions tested 12 and 18% of the concentration
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of the oil phase had no effect. In each tested case no significant differences
between the single and two-stage homogenization were stated.

Fig. 6. Effect of the pressure homogenization process on the mean size of the Sauter diameter D32 μm–
means marked with the same letter are not significantly different (p ≤ 0.05)

Conclusions

The tests carried out and the results obtained show that the concentration
of the oil phase had a significant effect on the change of coefficients of
consistency and the emulsions’ apparent viscosity. Submission of food emul-
sions of one- and two-stage homogenization pressure led to a similar degree of
dispersion of droplets, which had an impact on the decrease in apparent
viscosity. The homogenization process was followed by a decrease in value of
the coefficient consistency K and a slight increase in the flow index, which
reflects the effect of the homogenization process on the structure of the
emulsion and its rheological properties.
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