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3.2 Physical & chemical properties of milk

Milk is a complex fluid with a diverse composition that includes water, proteins,
fats, carbohydrates, minerals, and vitamins. Its physical, chemical, thermal, and
rheological properties play a crucial role in determining the quality and behavior of
milk during processing and in the development of various dairy products. Here's an

overview of these properties:
Physical Properties:
Density and Specific Gravity:

The density and specific gravity of milk are important physical properties that
influence its weight and volume. These properties are influenced by the

concentration of solids, primarily fats and proteins, in the milk.
Color and Appearance:

The color of milk is typically white due to the scattering of light by the dispersed
fat globules and proteins. Any deviation from the normal color may indicate

changes in composition or processing conditions.
Viscosity:

Viscosity refers to the thickness or resistance to flow of milk. The viscosity is
influenced by the concentration of solids, temperature, and the presence of
stabilizing agents such as proteins. Changes in viscosity affect the fluidity and

mouthfeel of dairy products.
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Light Scattering and Turbidity:

Light scattering in milk is responsible for its white appearance. The fat globules
and protein micelles in milk scatter light, contributing to its turbidity. Changes in

turbidity can indicate alterations in composition or the presence of impurities.
Freezing Point:

The freezing point of milk is slightly lower than that of water due to the presence
of dissolved solutes, primarily lactose. Monitoring the freezing point is important

in dairy processing, especially in the production of frozen dairy products.
Chemical Properties:
pH Level:

The pH of milk is around 6.7, making it slightly acidic. The pH level can influence
the stability of proteins and the activity of enzymes. Deviations in pH may impact

the functionality and shelf life of dairy products.
Chemical Composition:

Milk consists of various chemical components, including water, proteins (casein
and whey proteins), fats, lactose (milk sugar), minerals (calcium, phosphorus, etc.),
and vitamins. The balance and proportions of these components determine the

nutritional profile and properties of milk.
Buffering Capacity:

Milk has a buffering capacity, meaning it can resist changes in pH. This property is
essential for maintaining the stability of proteins and preventing drastic pH

fluctuations during processing.
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Enzymatic Activity:

Milk contains enzymes, such as lipase and protease, that can impact its quality.
Control of enzymatic activity is crucial to prevent undesirable changes, such as off-

flavors or textures, in dairy products.
Oxidation and Rancidity:

The presence of fats in milk makes it susceptible to oxidation, leading to rancidity.
The development of off-flavors and odors due to lipid oxidation is a concern,

especially in products with extended shelf life.
Mineral Content:

The mineral content of milk, including calcium, phosphorus, magnesium, and
others, contributes to its nutritional value. Monitoring mineral content is important

for both product quality and the health benefits associated with dairy consumption.
Thermal Properties:
Thermal Conductivity:

Thermal conductivity is the ability of milk to conduct heat. Understanding this
property is crucial in heat processing methods like pasteurization and sterilization.
The thermal conductivity of milk is influenced by its composition, particularly the

fat content.
Heat Stability:

Heat stability is a critical property in thermal processing. It refers to the ability of
milk proteins to withstand heat treatment without coagulating or precipitating. Heat

stability is important for producing long shelf-life products.
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Thermal Denaturation of Proteins:

The heat treatment of milk can lead to the denaturation of proteins, altering their
structure and functionality. This is particularly significant in processes like
pasteurization, where proteins need to be sufficiently heat-treated for safety
without compromising product quality.

Thermal Gelation:

Certain milk proteins, notably whey proteins, can undergo thermal gelation under
specific conditions. This property is utilized in the production of heat-set dairy

products like custards and some types of yogurt.
Rheological Properties:
Rheological Behavior:

Milk exhibits non-Newtonian fluid behavior, meaning its viscosity changes with
shear rate. The rheological properties of milk are crucial in processes such as

pumping, mixing, and filling during dairy product manufacturing.
Gelation and Coagulation:

Milk proteins, particularly caseins, play a role in the gelation and coagulation
processes. These properties are important in the formation of dairy products like
cheese and yogurt, where the transformation of a liquid into a gel-like structure

occurs.

Understanding and controlling these properties are essential for dairy processors to
produce consistent and high-quality products. Various analytical techniques,
including spectroscopy, chromatography, and rheology measurements, are

employed to assess and monitor these properties throughout the processing chain.

FOOD AND DAIRY ENGINEERING



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Shear-Thinning Behavior:

Milk exhibits shear-thinning behavior, meaning its viscosity decreases with
increasing shear rate. This property is crucial in processes such as pumping and

mixing, where the flow behavior of milk influences processing efficiency.
Creep and Recovery:

The rheological behavior of milk includes its response to continuous stress (creep)
and subsequent recovery. Understanding these properties is essential in processes

where milk experiences prolonged stress, such as during packaging and storage.

As the dairy industry continues to evolve, ongoing research explores advanced
techniques for analyzing and manipulating these properties to improve the
efficiency of processing and to create innovative dairy products that meet the
diverse preferences of consumers. The interplay of physical, chemical, thermal,
and rheological characteristics is a key focus in optimizing the production and

quality of various dairy items.
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