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Fig 1 A schematic representation of the steps of
batch high-pressure processing [8].
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Casein Micelles

Whey, Proteins

- Reversible or irreversible
denaturation.
- a-lactalbumin and

- Blown away or aggregation.
- Increasing or decreasing
the average size of micelles.

- Not affecting at all. Immunoglobulins are highly fat globules.
resistant to the pressure. - No formation of
free fatty acids.
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Fat Globules

- Formation of fine particles
in large numbers, or
not affecting the size of

Enzymes

- Solubilization of
colloidal calcium phosphate.

- Increase in activity, or
decrease in activity, or
no change in activity
of milk enzymes.

- Increasing or decreasing
creaming.

Fig 2 HPP effects on milk components [36,38-40,43,47,49,52,56,57].
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2. Semitransparent milk
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- Decrease in microbial load at low temperatures,
- No formation of undesirable volatile compounds.
- No significant decrease in
vitamins, amino acids, fatty acids, simple sugars,
and flavor compounds,

- Effect on ripening period.

- Increase In cheese yleld.

- Decrease in post ripening and postcontamination.

- Increase in shelf life.

- No change in desired sensory properties of cheeses
during the shelf life,

- Decrease In syneresis,
- Increase in consistency.

- Increase in shelf life.

- Increase in shelf life,
- Improving consistency.

- Improving fat aggregation.

- Improving aroma.

- Formation of smooth texture.

- Increase in shelf life.

~ Improving foam stability.
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- Beneficial effects on
probiotic dairy products.
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Fig 3 HPP effects on milk and its products
[19,23,95,96,35,37,62,63,74,75,90,94].
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Fig 4 The main effects of HPP on probiotic dairy products [97].
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Table 1 HPP effects on milk and milk products.
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Matrices Process conditions Effects References
Goat milk Pressure: 200-600 MPa = Decrease in microbial load. [11]
Time: 5-15 min = HPP-treated milk had better quality in terms of viscosity, total
Temperature: <40 °C soluble solids, pH, and total color difference than thermal-treated
milk (60-80 °C for 5-15 min).
Milk inoculated with Pressure: 400-600 MPa = Decrease in S.aureus populations by 7 log after treating at 600 MPa [12]
L. monocytogenes, Time: 15-30 min for 30 min.
S.aureus, and E. coli Temperature: <32 °C = |nactivation of E. coli and L. monocytogenes after treating at >550
MPa for 15 min.
= S. aureus was the most pressure resistant pathogen.
= E. coli was the most pressure sensitive pathogen.
Milk inoculated with Pressure: 350 and 500 MPa = Decrease in L.monocytogenes, L.innocua, and S.aureus populations [13]
L.monocytogenes, Time: up to 7 min by <2 and >5 log after treating at 500 MPa for up to 7 min at 4..4 °C
L.innocua, and S.aureus Temperature: 4.4 and 60 °C and 60 °C, respectively.
Ewe milk Pressure: 121 MPa = Increase in cheese yield. [14]
(for cheese making) Time: 30 min = Inactivation of contaminant bacteria.
Temperature: 11-13°C = No adverse effect on lactic acid bacteria.
= No change in physicochemical properties of cheese.
Indian cottage cheese Pressure: 500 MPa = Increase in cheese yield (using HPP treated milk for cheese making). [15]
(in different stages of Time: 15 min = Increase in shelf life of cheese.
cheese making) Temperature: <28 °C = No adverse effects on quality properties of cheese.
Whole milk Pressure: 600 MPa = Decrease in total bacteria and E.coli populations. [16]
Time: 5 min = Denaturation of B-lactoglobulin.
Temperature: 5 °C = No change in quality properties.
Whole and skim milk One- and Two-cycle HPP = Preventing microbial activity (particularly for two-cycle treatments). [10]
treatments = Aggregation of B-lactoglobulins.
Pressure: 600 MPa = Decrease in size of casein micelles.
Time: either 5min (2 2.5 min), = Change in level of volatiles.
or 3min (2 1.5 min) = No formation of strong flavors.
Temperature: 23 °C = Slight change in proteins by two-cycle treatments.
Caprine milk Pressure: 200-500 MPa = Increase in size (200-400 MPa) and aggregation of fat globules (500 [17]
Time: 10 min MPa).
Temperature: 20 °C = No effect in fatty acid profile, excluding an increase in branched
chain fatty acids.
Caprine milk Pressure: 300-500 MPa = Decrease in rennet coagulation time, increase in curd firming rate, [18]
(for cheese making) Time: 20-60 min gel strength, and water holding capacity (at higher pressures).
Temperature: 20-60 °C
Pasteurized cow milk Pressure: 400 MPa = Increase in antioxidant activity and Angiotensin-l converting [19]
(for cheese making) Time: 15 min enzyme-inhibitory potential of cheeses.
Temperature: < 40 °C = Increase in proteolytic activity during cheese making and ripening.
= Increase in bioactive compounds in cheeses.
= Improvements in antihypertensive attributes of cheeses.
= Improvements in nutritional attributes of cheeses.
Microfiltration retentate Pressure: 100-500 MPa = Decrease in the size of casein micelles. [20]
caprine milk Time: 15 min = Decrease in turbidity.
Temperature: 25 °C = Decrease in G’max and yield stress values of the gels.
= Increase in pH, soluble calcium and phosphorus, hydrophobicity,
rennet coagulation time and yield strain.
= Increase in solubility, emulsifying and foamability of micellar casein
concentrate powder.
Reconstituted micellar Pressure: 300-600 MPa = Inactivation of spoilage microorganisms. [21]
casein concentrate Time: 5 min = Increase in acidity (450-600 MPa).
Temperature: 4 °C = Change in colour.
= Decrease in particle size (450-600 MPa).
= Aggregation of casein micelles (450-600 MPa).
= No change in physical stability.
Reformed casein micelles Pressure: 100-500 MPa = Decrease in the size of reformed casein micelles. [22]
Time: 10 min = No change in the internal structure of reformed casein micelles.
Temperature: 18 °C
Probiotic dairy beverages Pressure: 100-400 MPa = No significant effect on probiotics viability (200-300 MPa). [23]
Time: 10 min = Improvements in rheological and sensory properties.
Temperature: 26.1 °C = No effect on post-acidification.
Reconstituted powder milk Pressure: 500-600 MPa = Inactivation of Escherichia coli, Pseudomonas fluorescens and [24]

Time: 3-5 min
Temperature: 25 °C

Enterobacter aerogenes.

Increases in the levels of microorganism-derived
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lipopolysaccharides.
Pressure: 400-600 MPa = Decrease in pathogenic E. coli, Salmonella, and L. monocytogenes [25]
Time: 1-5 min populations by 5 log.

Raw milk
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Temperature: 18 °C = Increase in shelf life of raw milk.
= No change in quality properties.
Raw caprine milk Pressure: 200-500 MPa = Decrease in the size of casein micelles. [26]
Time: 25 min = Decrease in milk turbidity and L*-value.
Temperature: 25 °C = Denaturation of whey proteins.
= Increase in the amount of non-protein nitrogen compounds.
= Increase in the degree of hydration micelles.
= Increase in the solubilization of colloidal calcium phosphate.
= Increase in viscosity.
Mature Torta del Casar Pressure: 200-600 MPa = Improvements in sensory properties. [27]
(raw ewe's milk cheese) Time: 5-20 min = Increase in shelf life.
Temperature: 10 °C
Camembert-type cheese Pressure: 350-550 MPa = Decrease in L. monocytogenes populations by > 5 log (11 days after [28]
(3, 11, and 45 days after Time: 10 min manufacture, 450-550 MPa).
manufacture) Temperature: 25 °C = Destructive effect on the appearance of cheeses (45 days after
manufacture).
Milk-coagulating enzymes Pressure: 50-280 MPa » Increase in specific activity. [29]
(recombinant chymosin, Time: 20 min » Increase in the rate of hydrolysis of k-casein.
calf rennet, adult bovine Temperature: 10-25°C = Increase in the formation of caseinomacropeptide.
rennet and porcine pepsin) = Improvements in coagulants hydrolytic profile.
= No increase in non-specific activity.
b Stupesr -0
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ABSTRACT

ARTICIE INFO

Milk and its products are rich in bioactive and functional
compounds. Most of these compounds are heat-sensitive.
Therefore, common thermal processes may have destructive
effects on the nutritional properties of milk and its products. Non-
thermal processes, hence, have attracted the attention of many
researchers. High-pressure processing (HPP) is one of the novel
non-thermal processes that has been investigated in terms of
increasing the shelf life of milk and dairy products, and promising
results have been obtained. This article aims to review the studies
conducted on the effects of HPP on milk and dairy products.
According to the findings of the studies, HPP is able to change the
structure of milk components, especially proteins and fat globules.
In addition to this, HPP can inactivate spoilage and pathogenic
microorganisms, preserve nutrients and flavoring compounds,
increase yield, and improve rheological and sensorial properties of
milk and its products.
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