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Effect of High Pressure Homogenization on Improving the
Quality of Milk and Sensory Properties of Yogurt: A
Review
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Abstract—High pressure processing is one of the advanced

technologies to produce safe food, with better quality properties.

In recent years, high pressure homogenization is a useful way
which has attracted attention to improve the quality, increase
shelf life, and maintain nutritional and sensory properties of
milk and dairy products. Homogenization is considered a
suitable alternative to thermal processes due to the lack of
thermal damage. It is also one of the innovative technologies
with a positive change in milk particles which leads to enhance
the quality, shelf life and popularity of product. In this article,
in addition to evaluation of the effect of homogenization on the
fat particles, inactivating harmful bacteriophages and spoilage
microorganisms, sensory and appearance properties of dairy
products, the influence of high pressure homogenization on
proteins and the viability of probiotic bacteria in dairy products
especially yogurt will be reviewed. These changes result in the
development of quality in dairy products and higher
consumer’s acceptance.

Index Terms—High pressure
microorganism, milk, yogurt, proteins.

homogenization,

I. INTRODUCTION

Milk and dairy products are important parts of the human
diet, because of their nutritional value and interesting
sensory properties. During milk processing,
homogenization makes physicochemical changes that affect
the characteristics of dairy products and develop their
texture and flavor [1]. Homogenization is the mechanical
process which reduces the size of the fat globules via pressure

and decreases the separation of the creamy part of the product.

Homogenization temperature must be over 45<C (113F),
because milk lipase and many microbial lipases are rendered
inactive at this temperature [2], [3]. However, the effect of
pressure on the size and distribution of fat globules starts at
50 <C. Below this temperature no changes has occurred due
to the stability of the fat particles membrane [1].

High pressure homogenization (HPH) is an emerging
preservation technology using significantly higher pressures
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(>100 MPa) to improve quality characteristics of dairy
products especially yogurt, compared with the conventional
process [4], [5]. HPH significantly affects the size of milk fat
globules, protein or polysaccharides and modify their
functional properties [6]. Furthermore, homogenization
influences the dairy products especially yogurt. The small fat
globules made by HPH tend to incorporate into the milk
proteins, casein and denatured whey, during acidification and
gel formation [1]. The viability of probiotics bacteria is
enhanced by increasing the homogenization pressure (100 to
300 Mpa) due to producing peptides and free amino acids
which are necessary for their growth and viability during
storage [7], [8]. The accumulation of free fatty acids and the
release of amino acids after HPH, sustained better growth of
the organisms in yogurts [9]. The HPH treatment also
induced higher amount of acids in yogurt. With increasing
pressure (100 to 200 bar) the amounts of lactic and acetic
acids increased [10]. The effect of HPH on milk and yogurt
will be presented in this review.

Il. MILK PROCESSING

The milk processing consists of following steps: agitation,
mixing, and cooling at the farm; clarification, separation, and
standardization; pasteurization; homogenization; packaging;
all done by sanitation. Clarification includes centrifugation to
eliminate sediment, bacteria, and somatic cells from the milk.
Also, centrifuges are used to separate cream from skim milk
and after that pasteurization (usually 72 =C for 15 seconds),
is applied to destroy harmful microorganisms and pathogens.

[1], [3].
A. Homogenization

Milk is a emulsion of oil in water containing milk fat
globule. Milk fat globules prefer to accumulate, according to
which the pressure inside large globules is less than inside
small globules, so small fat globules tend to join to the large
ones. This fact causes the milk fat to come up to the surface of
the milk and makes the undesirable separation. To hinder this
effect, milk is homogenized [11].

Homogenization, through application of pressure, reduces
the milk fat globule size and prevents fat separation from the
milk [1]. Homogenization decreases the size of milk fat
globules by pumping milk at high pressure through a valve.
The process which breaks fat globules to smaller particles
(about 3.5 to 1 um), causes an increase in surface area. Then
milk proteins especially casein, cover this newly generated
surface of the fat globules. Approximately a minimum
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amount of 0.2 g of casein/g fat is needed to coat the new
surface area [3]. Homogenization is a desirable alternative to
thermal treatment for producing more natural and fresh food
due to consumer demands. This novel technology avoids the
harmful effects that heat has on nutritional value, flavor and
color of food [5], [12]. The most important purpose of high
pressure processing is maintenance of nutritive and sensory
properties [13].

B. Types of Homogenization

As milk is pumped under high pressure, fat globules start
to break up. If the pressure drop is through a single valve, the
homogenizer is single — stage which is suitable for low—fat or
high—viscosity products such as cream and sour cream. On
the other hand, the homogenizers that decrease fat particle
size in two stages are called dual-stage homogenizers. The
first stage pressure, reduces the milk fat globule diameter size
approximately less than 1 um and the second stage is
designed to break the clusters of fat globules formed in the
first stage, to inhibit creaming in milk. Dual stage is effective
for high fat content, high solids content, or products in which
low viscosity is desired [1], [14], [15]. The second stage in
dual stage homogenization enhances denaturation of whey
proteins and also increases the free fatty acid content [3],
[16].

I1l. EFFECT OF HOMOGENIZATION ON MILK

A. Effect on Microorganisms

Heat treatments are traditionally used to sterilize or
pasteurize food, but simultaneously decrease the sensory and
nutritional qualities. As consumers prefer to eat fresh food,
alternative  technologies such as high  pressure
homogenization, are investigated to maintain food fresh, safe
and healthy during their shelf life [17]. HPH of milk is
helpful for bacteriophage [7], [18] and microbial inactivation
[5], [19]. Bacteriophages are one of the main agents of failed
fermentations in dairy industry [20] and raw milk is the most
important source of phages [21]. HPH (>100 MPa) seems to
be a useful technological alternatives to pasteurization, which
is promising for dairy phages inactivation [5], [22]. The
influence of HPH on phages could be due to the
transformation of their protein structure [23]. Table I shows
the functional and structural changes in microorganisms
during different pressures treatment [14], [17].

TABLE I: THE EFFECT OF DIFFERENT PRESSURES ON MICROORGANISMS

Pressure(MPa)  Structural and functional changes in microorganisms
50 Inhibitation of protein synthesis, Ribosomes decreasing
100 Reversible protein denaturation, Squeeze of gas vacuoles
200 Damage of cell memmbrane, Sign of cell contents leakage
300 Irreversible protein denaturation, Leakage of cell contents

The cell viability starts to lose at about 180 MPa, and by
increasing the pressure, the rate of microbial inactivation
increases. High pressures damage the cell membrane and
denature proteins [24], [25]. High pressures (>200 MPa) are
needed to kill Saccharomyces cerevisiae at (45-60 <C) due to
the membrane damage and inactivation of cell metabolism
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[26]. HPH treatment is also reported to inactivate milk
microorganisms logarithmically such as; L. monocytogenes
in milk at 375 MPa and S. aureus at 600 MPa [17]. The size
and shape of bacteria and also the nature of cell membrane
affect their resistance to HPH. The order of microorganism’s
lethality after high pressure treatment is [8], [26]:

Gram-—negative bacteria > Gram—positive bacteria > Yeast >
Mold

Bacterial spores are generally the most resistant
microorganism to be inactive and high pressure
homogenization is also reported to be able to inactivate
spores in high numbers [27] and decrease the total viable
count, fungal and coliform counts in milk [2].Ultra
High-Pressure Homogenization treatments at 300 MPa were
used to milk inoculated with Bacillus cereus, Bacillus
licheniformis,  Bacillus  sporothermodurans, Bacillus
coagulans , Geobacillus stearothermophilus and Bacillus
subtilis spores to evaluate their inactivation level. Ultra
High—Pressure Homogenization conditions at 300 MPa with
75<C were capable of spore inactivation of about 5
log CFU/mL. B.subtilisand G. stearothermophilus showed
higher resistance to the Ultra High-Pressure Homogenization
treatments than the other microorganisms [27].

The viability of probiotics increased by increasing the
homogenization pressure (60 to 100 Mpa) due to producing
free amino acids and peptides which are necessary for their
growth and viability during storage [5], [7].

B. Effect on Proteins

During HPH, milk fat globule membranes are influenced,
and a new surface area is created. Milk proteins, especially
casein, cover the entire available surface and act as a natural
emulsifying agent. [4], [12]. HPH causes the break of the
casein micelles into smaller fragments and an increase in the
calcium phosphate and caseins content in the serum phase.
Also, after HPH treatment, the denaturation of milk and whey
proteins, especially p-lactoglobulin, o-lactalbumin and
several immunoglobulins takes place [28], [29]. o~
lactaloumin is generally more resistant to HPH than
B—lactoglobulin and its changes start at 200 MPa [30]. HPH
causes proteins structural rearrangement by enhancing the
exposure of their hydrophobic regions [5]. The structural
changes in milk proteins strongly relate to the pressure
treatment. The denaturation of proteins at 100 MPa is
reversible whereas the irreversible denaturation of proteins
occurs above 200 MPa [31]. The homogenization pressure
could induce some conformational changes in whey proteins
and caseins, which could increase their susceptibility to
proteolysis, and therefore the availability of free amino acids,
which are used by probiotic bacteria directly; and so, their
viability increased [7]. Whey proteins are structurly stable
and cannot interact with caseins, fat globules or calcium ions
in their native form. After homogenization denatured whey
proteins can bind with fat particles and caseins. All these
changes are important and during yogurt production [1].

Homogenization of milk combined with heat treatment,
causes transformation in protein compound, secondary
structural loss, especially B—sheet and a—helix, and reduction



International Journal of Chemical Engineering and Applications, Vol. 7, No. 1, February 2016

in the contact surface of tertiary structure [31].

The secondary and tertiary structural stability of whey
protein are directly affected by pressure. The following order
shows their stability level [15], [31]:

HTST", Homogenized > homogenized and pasteurized >
HPH

C. Effect on Sensory Properties of Dairy Products

The appearance of dairy products is considered as a
measure of quality by consumers. The white color of milk is
due to the scattering of light by the fat particles, proteins and
calcium phosphate. After homogenization, fat globules and
casein micelles get smaller, therefore homogenized products
appear whiter and more desirable [3]. The fermented milk
texture strongly relates to the network made by casein and fat
globules [32]. The size of fat and protein particles, directly
affects the protein matrix of fermented milks, so the texture
of dairy products is significantly influenced by HPH
treatment [7]. HPH is also used for the production of
fermented dairy products with specific aromatic profiles such
as diacetyl and acetaldehyde that results in better taste and
flavor [1], [7].

Totally improved sensorial properties of high pressure
homogenized milk, whiter color, better flavor, viscosity and
stability increase the quality of dairy products such as cheeses
and yogurt [7].

D. Effect on Yogurt Properties

Fermented dairy products are more desirable and also have
higher nutritional value than milk [1]. Yogurt is the most
popular dairy product due to its appealing sensory properties.
Yogurt is produced from milk mostly with the addition of
some derivative of milk, such as whey concentrates, skim
milk powder, caseinates or cream with a gel texture which is
caused by the coagulation of the milk proteins, due to the
lactic acid produced by bacteria cultures. [3]. Yogurt
production comprises many processes which milk
homogenization is the main one among all [2]. For yogurt
manufacture, milk is normally homogenized (15 to 20 MPa)
and heat-treated to decrease microbial load and whey
separation during storage, to increase the yogurt consistency,
stability and texture [32], [33].

HPH is an innovative method in yogurt processing which
improves the coagulation characteristics of milk due to
making the balance between soluble and insoluble forms of
nitrogen, calcium and phosphorus, therefore more desirable
yogurt is produced [34]-[36] Additionally, HPH treatment
improves the rheological properties such as viscosity,
firmness and syneresis resistance of gels [7], [28], increases
the viability of L. delbrueckii and S. thermophilus during
storage of yogurt in refrigerator and decreases the risks of
post-acidification [37], [38]. Increasing viscosity index and
gel firmness with pressure can be illustrated with the
casein—fat or casein—casein interactions and the denatured
whey proteins binding with water and fat which are caused by
HPH treatment [34], [39], [40]. Also decreasing soluble
protein content, which is connected with the production of
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insoluble high molecular weight coaggregates due to whey
protein denaturation during HPH treatment, enhance
viscosity [28]. The usage of HPH in acidified milk gels, like
yogurt improves the firmness and texture, and increases the
water holding capacity and decreases syneresis in [27]. The
combination of homogenization and thermal processing
increase yogurt viscosity and lower gelation times [1].

After HPH, some branched—chain amino acids are
produced which make a proper situation for growth of S.
thermophilus and L. delbrueckii in yogurt [4], [37]. The
counts of L. delbruecki and S. thermophilus were observed in
yoghurts from milk treated at 200 and 300 MPa and the
results showed the higher microbial counts and so higher
activities in yoghurts treated at 300 MPa, due to the synthesis
of some useful compounds during HPH [4].

Fermented dairy products, and especially yogurt, are
noticable carriers for probiotics to go through the human
digestive system and cause many health advantages including
anti-carcinogenic effects and anti-infection properties,
immune  system  stimulation, cholesterol  reduction,
alleviation of lactose intolerance symptoms, and nutritional
enhancements [33], [37]. The minimum necessary
concentration of probiotic bacteria to cause beneficial result
has been generally accepted as 10° viable cells/g of product at
the moment the product is consumed [9], [37].

During homogenization, shear stress and temprature cause
reduction in milk fat globule size, disintegration of the casein
micelles into smaller particles and also denaturation of
several whey proteins occurs, in particular p-lactoglobulin.
So that these remains can be used easier by probiotic bacteria
to continue to live and grow in yogurt [1]. Increasing
homogenization temperature (50 to 70 <€) and pressure (100
to 200 Bar) simultaneously, have a noticeable effect on the
sensory properties and viability of probiotic bacteria in the
yogurt during storage due to producing free amino acids and
free fatty acids which are necessary for their growth and
viability by HPH processing [41].

Investigating the amount of non-volatile acids (lactic or
pyruvic) and volatile acids (butyric or acetic) in yoghurts
made from high pressure homogenized milk (200 or 300 MPa)
showed that all four acids were increased and pyruvic acid
was much higher in the yogurts than others [4]. It is reported
that the accumulation of acids like lactic and acetic resulted
in decreasing pH and increasing acidity value [42], [43].
Acetic and lactic acids are known to be utilized during the
fermentation process and accumulate over time during
storage in yogurt. The amounts of these acids are higher in
yogurt produced by HPH due to the higher activity and
viability of probiotic bacteria [10], [44].

IV. CONCLUSION

High pressure homogenization is one of the non-thermal
processing which is applied to produce safe food with high
nutritional values and desirable sensory properties. It is the
most frequently used alternative technologies due to its
suitability for solid and liquid food applications. This novel
method causes some remarkable changes such as:
inactivating  harmful  bacteriophages and  spoilage
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breaking the fat globules and

up

denaturation of proteins by using pressure rather than heat.
These conversions result in the development of quality in

dairy products

and higher consumer’s acceptance.

Homogenization also improves the viability of probiotic

bacteria

in dairy products especially yogurt, during

refrigerated storage due to the effective changes in the milk.
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