
Introduction

A number of non-traditional preservation techniques
are being developed to satisfy consumer demand with
regard to nutritional and sensory aspects, convenience,
absence of synthetic additives, low energy demand and
environmental safety (1). In addition, consumer demand
for foods that are fresher, more natural and healthier and
that at the same time provide a high degree of safety
have increased interest in non-thermal preservation
techniques for inactivating microorganisms and enzymes
in foods (2-5). Among these, ultrasound has an important
role in food engineering due to consumer interest in

minimally processed foods. It is evident that ultrasound
technology has a wide range of current and future
applications in the food industry.

Ultrasound is of great interest in food processing for
many reasons (6). This technique can be generally used in
systems which are liquid and can be defined as waves
with a higher frequency (7). Floros and Liang (8) noted
the use of low intensity high frequency ultrasound for the
improvement of food product/processes monitoring due
to the acceleration of diffusion. These industrial
applications include the texture, viscosity and
concentration determination of eggs, meats, fruits and
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Abstract: The effect of ultrasound treatment on milk homogenisation was studied. A microscope, equipped with a camera and ocular
micrometer, was used to determine the diameters of fat globules and to evaluate the homogenisation efficiency of milk samples
homogenised by using ultrasonic and conventional homogeniser. It was found that ultrasound treatment with high amplitude
(power) had an important effect on milk homogenisation compared with conventional homogenisation. As exposure times and power
levels increased, homogenisation efficiency also rose. The highest homogenisation efficiency and the smallest fat globule diameter
were 3.22 and 0.725 µm at power level 100 (450 W) for 10 min, respectively. The fat globule diameters at a power level of 40
(180 W) for 10 min were similar to those of conventional homogenisation.
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Sütün Homojenizasyonu ve Ya¤›n Parçac›k Boyut Da¤›l›m› Üzerine
Ultrason ‹flleminin Etkisi

Özet: Araflt›rmada, süt homojenizasyonu üzerine ultrason iflleminin etkisi araflt›r›lm›flt›r. Ultrasonik ve klasik homojenizator
kullan›larak homojenize edilen süt örneklerinin homojenizasyon etkinli¤ini de¤erlendirmek ve ya¤ partiküllerinin çaplar›n› belirlemek
için kamera ve oküler mikrometre ile donat›lm›fl bir mikroskop kullan›lm›st›r. Klasik homojenizasyon ile karfl›last›r›ld›¤›nda, yüksek
güçte ultrason uygulamas›n›n, süt homojenizasyonu üzerine önemli bir etkiye sahip oldu¤u bulunmufltur. ‹fllem zaman› ve güç seviyesi
artt›kça homojenizasyon etkinligi de artm›flt›r. En yüksek homojenizasyon etkinli¤i (3,22) ve en küçük ya¤ partikül çap› (0,725 µm)
10 dakikal›k ifllem zaman› ve % 100 (450 W) güç seviyesinde elde edilmistir. % 40 (180 W) güç seviyesi ve 10 dakikal›k ifllem
zaman›nda elde edilen ya¤ partikül çap›, klasik homojenizasyonda elde edilen de¤ere benzer bulunmustur. 
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Research Article

*Correspondence to: E-mail: msengul@atauni.edu.tr. 



vegetables, and dairy and other products; and thickness,
flow level and temperature measurements for the
monitoring and control of several processes.

The lethal effect of ultrasound has been attributed to
the cavitation phenomenon. Ultrasound cavitation is the
formation of bubbles or cavities in liquids. The collapse of
the bubbles results in intense shock waves that can cause
considerable damage to surrounding material (9). When
ultrasound is used in combination with conventional
heating, the effect of ultrasound treatment increases.

The use of ultrasound in food technology has been a
subject of research for many years and there have
recently been increasing numbers of studies regarding
this technique (9-31). The objective of our study was to
investigate the effects of different ultrasound treatments
on milk homogenisation and to compare these with
conventional homogenisation.

Materials and Methods

Materials

Cow milk was obtained from the dairy farm at
Atatürk University, Erzurum, Turkey. The milk was
pasteurised to kill vegetative bacteria and inactivate most
enzymes by using a plate pasteuriser at 90 °C for 5 min
before the homogenisation treatment.

Methods

Homogenisation by conventional homogeniser

An Alfa-Laval homogeniser (Model SH 20) was used
to homogenise the milk under a high pressure of 200 bar
at 55 °C.

Ultrasonic Homogenisation

An ultrasonic generator (Cole-Parmer Instrument
Company, USA), equipped with a 19 mm diameter tip and
working at a constant frequency (20 kHz), was used to
homogenise 250 ml of milk for each treatment. This
generator converts 50 Hz line voltage to a high frequency
electrical power of 20 kHz. The ultrasound probe was
immersed into the milk at a depth of approximately 3 cm.
The experiment was carried out using different power
levels. Exposure times were 5 and 10 min for each trial.
During ultrasound treatment, the samples were kept at
55 °C by using a water bath. The power level of 100

corresponded to approximately 450 W, and power levels
of 20, 40 and 80 corresponded to approximately 90,
180 and 360 W, respectively. 

Microscopy

All samples were cooled to 20 °C and analysed under
the microscope. Before analysis, the samples were gently
shaken to prevent changes in fat globule size.

A microscope with an oil immersion lens
(magnification x 1000, Olympus, EH-2) was used.
Samples of 10 µl were placed on the slide and the
microscope equipped with a camera was used to take
photographs of them. The size of the fat globules was
evaluated by using an ocular micrometer in 1 µm
increments.

Homogenisation Efficiency

The homogenised milk was placed into a graduated
cylinder of 250 ml and kept in a refrigerator for 48 h.
Then, the fat contents of samples from the upper part,
i.e. 1/10 (a), and from the bottom, i.e. 9/10 (b), of the
graduated cylinder were determined by using  the Gerber
method (32). The following equation was used to
calculate the homogenisation efficiency (HE) of the
samples:

Statistical analysis

In the study, 4 different ultrasound amplitude levels
(20, 40, 80 and 100%) and 2 different exposure times
(5 and 10 min) were selected as experimental factors.
The analysis was carried out according to a completely
randomised blocks design with 4 replications.

Results 

A comparison of fat globule diameters obtained by
using conventional and ultrasonic homogeniser is given in
the Table. As shown in the Table, milk homogenised by
the conventional homogeniser had smaller fat globules
than non-homogenised milk, and milk homogenised by
ultrasound (higher power levels) also had smaller fat
globules than milk homogenised by a conventional
homogeniser. However, the higher the ultrasound
amplitude levels, the smaller the fat globule diameter.

HE = a - b
a

 x 100
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The best homogenisation and the smallest fat globule
diameter (0.725 µm) were obtained at a power level of
100 for 10 min. 

The fat globule diameters of milk homogenised by
using conventional and ultrasonic homogeniser ranged
between 2.0-3.0 and 0.5-5.0 µm, respectively, while the
fat globule diameters of non-homogenised milk ranged
between 4.0 and 7.0 µm. The fat globule diameters
obtained at a power level of 40 for 10 min (2.375 µm)
were similar to those from (2.625 µm) conventional
homogenisation (Table). Consequently, the fat globule
diamater obtained in conventional homogenisation could
be achieved by using ultrasonic homogenisation at power
level of 40 for 10 min.

Micrographs of milk samples are shown in Figure 1.
As shown in Figures 1a-j, as the ultrasound power levels
and exposure times increased, the distribution of fat
globules was more stable and smaller fat globule
diameters were obtained. It was difficult to observe the
fat globules at a power level of 100 for 10 min (Figure
1j) because of breakage into very small fragments. There
were numerous fat globules smaller than 1 µm at a
power level of 100 for 10 min (Figure 1j). However, the
fat globules in non-homogenised milk could be easily seen
(Figure 1a).

A significant correlation was found between the
diameter of fat globules and homogenisation efficiency (P
< 0.01). The homogenisation efficiency of milk samples
versus amplitude levels is plotted in Figure 2.

As shown in Figure 2, as the amplitude levels
increased, the homogenisation efficiency of homogenised
milk samples also increased. However, the exposure
times had an important effect on the homogenisation of
milk. 

Discussion

The effect of ultrasound on milk homogenisation has
been attributed to the cavitation phenomenon. During
ultrasonic treatment, the main active force is mechanical
in nature, resulting in the formation and implosion of
bubbles in a liquid (cavitation) (33). On the other hand,
although many aspects of the ultrasound mechanism
remain obscure, it can be related to cavitation (formation
and violent collapse of bubbles), heating (specific
absorption of acoustic energy), dynamic agitation and
shear stresses, and turbulence (8).

Ultrasound treatment has a very good
homogenisation effect at higher power levels compared
to conventional homogenisation. Therefore, ultrasonic
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Table. A comparison of fat globule diameters obtained in conventional and ultrasonic homogenisation.

Treatment Mean Standard error Minimum Maximum

Non-homogenised 5.500a 0.6455 4.00 7.00

Conventional homogenisation 2.625cd 0.2394 2.00 3.00

Ultrasonic homogenisation

20:5 3.875b 0.4270 3.00 5.00

20:10 3.500bc 0.6455 2.00 5.00

40:5 3.375bc 0.3750 2.50 4.00

40:10 2.375cd 0.2394 2.00 3.00

80:5 2.125d 0.1250 2.00 2.50

80:10 1.250ef 0.1443 1.00 1.50

100:5 1.125ef 0.1250 1.00 1.50

100:10 0.725f 0.8.539E-02 0.50 0.90

Total 2.648 0.2439 0.50 7.00

The averages marked with the same letters are not different from each other statistically (P < 0.01). 20, 40, 80 and 100: power levels (%), 5 and
10: exposure times (min).
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Figure 1. Micrographs of milk samples (magnification x 1000; scale 1 mm). (a) Without
homogenisation. (b) Conventional homogenisation under 200 bar at 55 °C. (c)
Ultrasonic homogenisation at power level 20 (90 W) for 5 min. (d) Ultrasonic
homogenisation at power level 20 (90 W) for 10 min. (e) Ultrasonic homogenisation at
power level 40 (180 W) for 5 min. (f). Ultrasonic homogenisation at power level 40
(180 W) for 10 min. (g) Ultrasonic homogenisation at power level 80 (360 W) for 5
min. (h) Ultrasonic homogenisation at power level 80 (360 W) for 10 min. (i) Ultrasonic
homogenisation at power level 100 (450 W) for 5 min. (j) Ultrasonic homogenisation
at power level 100 (450 W) for 10 min

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i) (j)



treatment has been considered as an effective system for
the reduction of fat globule size (34,35). However, low
power levels had no important effect on milk
homogenisation. Homogenisation at a power level of 40
for 10 min was similar to conventional homogenisation.
The longer exposure times had a synergic effect on milk

homogenisation. If adequate power levels and exposure
times were applied, complete homogenisation could be
obtained. Therefore, it can be concluded that ultrasound
treatment at high power levels may be used to reduce fat
globule size. Schmidt (34) observed that ultrasonic
homogenisation of milk at 60 °C could reduce the
average fat globule size to 1 µm. Similar results were also
obtained in other studies (7,30,36).

Furthermore, the value of homogenisation efficiency
must be below 10% for a very efficient homogenisation
process (32). A value of homogenisation efficiency below
10% indicates that homogenisation was very efficient.
While the lowest homogenisation efficiency was obtained
at a power level of 20 for 5 min (13.51), the highest
homogenisation efficiency was obtained at a power level
of 100 for 10 min (3.22). These results support the
results obtained from microscopic analyses.
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Figure 2. Histogram of homogenisation efficiency vs. amplitude levels.
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