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Abstract: Newer variants of milk powders and milk-based powders are being produced are looking for prospective end
users. Powders possess physical and functional properties that are of significance in its usage notably powder structure,
particle size distribution, powder density, bulk density, particle density, occluded air, interstitial air, flowability, rehydration
(wettability, sinkability, dispersibility, solubility), hygroscopicity, heat stability, emulsifying ability, water activity, stickiness,
caking, and others. Some of the functional properties of significance to milk powders and milk-based powders are discussed
in this review. Applications with regard to specific milk powders for reconstituted cheese making, coffee creamers, and
those suited for milk chocolate and for the baking industry are described.

Introduction
Dairy products are highly perishable. Converting milk into milk

powder increases its shelf life and enables it to be stored for ex-
tended period (about 1 year) without substantial loss of quality,
even at ambient temperatures. The dairy-based powders are not
only used for recombination or reconstitution, but they can be
exploited for their intrinsic functional properties for application as
a food ingredient in several “value-added foods” such as confec-
tionery, bakery, and meat products. Knowledge and a basic under-
standing of the functional properties of milk powder wise enable
food processors to prepare “tailor-made” value-added milk-based
powders. Powdered ingredients are stable and convenient for stor-
age, and since the consumer never sees the food assembly process,
any prejudices concerning the lower quality associated with dried
ingredients is removed. Foods prepared from powdered ingredients
are usually considered to be of lower quality (and therefore lower
value) than fresh or frozen ingredients and products. In recent days
there is great emphasis on adding value to powders, and therefore,
an inclusive effort from dairy plant and powder processors, ingre-
dient people, marketing experts is requisite to identify the means
to add more value. Consumers are willing to pay more for milk
powders if they can perceive high functionality and quality, as well
as multifunctional properties.

Market Scenario of Milk Powders
World milk production is projected to increase about 1.9% dur-

ing the next 10 years compared to 2.1% annual growth expe-
rienced in the past decade. World milk production is projected
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to increase by 153 million tons, of which 73% is expected to
come from developing countries, especially India and China (Joshi
2012). Skim milk powder (SMP) worldwide exports are now ex-
pected to fall to 1186000 tons in 2009, down 2% from the previous
year, largely due to a significant decline in exports from the United
States to around the 350000 tons, as excess supplies of milk there
have dropped. Global exports of whole milk powder (WMP) are
expected to be of 1826000 tons in 2009, 1.2% lower than in 2008,
largely due to a sizeable forecast decline from the European Union
of 100000 tons. WMP remains the key milk product exported by
surplus milk producing regions, such as the European Union, to
growing developing country markets. New Zealand, the largest
WMP exporter with a market share of some 38%, is set to in-
crease exports in 2009 to a record 686000 tons. Deliveries by
Australia are expected to remain near 2008 volumes, while those
of Argentina, the third largest supplier, could decline (Anonymous
2009). Powder prices will also likely be lower in 2012 than last
year. United States Department of Agriculture forecasts nonfat dry
milk (NDM) prices averaging $1.36 to $1.42 per pound for 2012,
8% below the $1.51 per pound price in 2011. Imports of SMP
by major importing countries are expected to expand by only 1%
this year, following last year’s record pace (Madison 2012).

Functional Properties of Milk Powders
Dairy powders are frequently used for convenience in appli-

cations for transportation, handling, processing, and for product
formulations. Powders possess physical and functional properties,
including powder structure, particle size distribution, powder den-
sity, bulk density, particle density, occluded air, interstitial air,
flowability, rehydration (wettability, sinkability, dispersibility, sol-
ubility), hygroscopicity, heat stability, emulsifying properties, glass
transition temperature, water activity, stickiness, caking, and even
scorched particles. Some of the functional properties of signifi-
cance to milk powders and milk-based powders are delineated
below:

518 Comprehensive Reviews in Food Science and Food Safety � Vol. 11, 2012
c© 2012 Institute of Food Technologists

doi: 10.1111/j.1541-4337.2012.00199.x



Functionality of milk based powders . . .

Shape of powder particles
During drying, liquid milk droplets are transformed into solid

particles with individual powder surfaces. A powder particle gen-
erally consists of a continuous mass of amorphous lactose and other
components in which fat globules, casein micelles, and serum
proteins are embedded. It also contains vacuoles of occluded air
where particle surfaces are not in contact (Anonymous 2000).
Three mechanisms have been suggested for the formation of the
surface of powder particles, crust/skin formation during drying
(Charlesworth and Marshall 1960), solid/solute segregation dur-
ing drying (Kim and others 2003), and protein adsorption on
an air/liquid interface during atomization (Fäldt and Bergenstahl
1995). The shape of a powder particle depends on the type of
raw material, degree of heat treatment, and other compositional
and processing parameters. A SMP particle has solid interior with
surface folds, while a WMP particle has big vacuoles, with small
particles entrapped in its porous structure (Kim and others 2003;
Nijdam and Langrish 2006). The unprotected fat on particles of
spray-dried WMP and SMP covers the outermost surface in the
form of patches or layers and, beneath it fat bound to protein or
proteins is present.

Particle size
The particle size of milk powder is related to its appearance,

reconstitution property, and flow characteristic. It is influenced
by the original milk characteristics, processing conditions, and the
type of equipment used in the drying process (Anon 2000). Spray-
dried powder particles are usually spherical with diameters ranging
from 10 to 250 μm. Rapid dispersion requires a particle size of
about 150 to 200 μm. The particles of agglomerated milk powder
are larger and more irregular in shape (Caric 1994). Powder with
large particle size has superior dispersibility. Dispersibility of pow-
der decreases as the percentage of fine particles (<90 μm) increases
(Singh and Newstead 1992). The mean particle size (median value
of cumulative distribution) ranges from 85 μm for regular SMP to
230 to 250 μm for fat-filled milk powders (FFMPs; Tuohy 1989).

Density and porosity of powder. The bulk density of milk pow-
der is economically, commercially, and functionally an important
property. When powders are shipped over long distances, it is im-
portant that they have a high bulk density to reduce the volume.
A high bulk density also saves packaging material. Density of a
powder also decides the container volume, requirement of pack-
aging materials, and selection of machinery for handling. Low
bulk density, as influenced by agglomeration, is also an important
characteristic of instant powders (Barbosa-Cánovas and Juliano
2005).

Apparent particle density. Apparent particle density or enve-
lope density is the mass per unit volume of a particle, excluding
the open pores but including the closed pores. Gas or liquid dis-
placement methods like gas or liquid pycnometry are adopted for
the measurement of apparent particle density.

True particle density. True particle density is the ratio of the
mass of the particle to the volume of the particle, excluding open
and closed pores.

Bulk density. Bulk density, also known as apparent or packing
density, is a measure of the mass of milk powder which occupies a
fixed volume. It is dependent on particle density, particle internal
porosity, and arrangement of particles in the container. It includes
the volume of solids and liquids and open and closed pores. Bulk
density is categorized in 4 ways (Barbosa-Cánovas and Juliano
2005):

(1) Compact density: It is determined after compressing the
powder’s bulk mass by mechanical pressure, vibration, and
impact.

(2) Tap density: It is determined after a volume of powder
has been tapped or vibrated under specific conditions; it
is most useful in describing the powder behavior during
compaction.

(3) Loose bulk density: It is measured after a powder is freely
poured into a container.

(4) Aerated bulk density: It is used for testing under fluidized con-
ditions, or during pneumatic conveying applications, when
particles are separated from each other by a film of air. The
most loosely packed bulk density is achieved after the powder
has been aerated.

The bulk density of milk powder is also important for deciding
the machinery appropriate for processing. The aerated bulk densi-
ties of various milk powders, SMP, WMP, and FFMP ranged from
0.30 to 0.62 g/cm3; whereas the packed bulk densities ranged
from 0.44 to 0.88 g/cm3. The compressibility of milk powders
ranged from 32% to 40% (Tuohy 1989).

Particle porosity. It is defined as the fraction of air or void space
over the total bed volume. It is affected by factors like mechani-
cal compaction, particle size (particle size distribution), moisture,
temperature, chemical nature of each constituent, processing con-
ditions, moisture, and temperature during storage. The changes are
created due to increase in adhesiveness, variation in the mass due
to water sorption or evaporation, or due to the phase change of
fatty components with temperature (Barbosa-Cánovas and Juliano
2005).

Flowability
The flowability of a powder refers to the ease with which the

powder particles move with respect to each another, that is the
resistance to flow (Royal and Carson 1991; Kim and others 2005).
This property is a measure of the free-flow characteristic of a
powder. Proper flow of milk powders is important for the man-
ufacturer and the end user for proper packaging, handling, and
measuring. In the dairy industry, flowablity is crucial for air trans-
portation, bin filling and emptying, storage in silos, bag filling
and storage, and dosing calculated quantities or selecting param-
eters for mixing and conditioning of powders (Ilari 2002). It is
a determining factor for the designing of machinery to ensure
proper flow of powder and to avoid the formation of clogs or
rat holes (Prescott and Barnum 2000). In general, powders with
good flow properties are those with large agglomerates and few
fines.

Fat breaks the motion of particles by melting into an adhe-
sive, rubbery, and viscous liquid, at elevated temperatures. Thus,
powders with high-fat content possess lower flowablity than pow-
ders containing less fat. The low melting point fraction of fat
can be crystallized out to obtain powder with medium- or high-
melting fat fractions, resulting in better flowability (Ilari and Loisel
1991). The angle of repose and compressibility of spray-dried
SMP were shown to be 32.5◦ and 0.029, respectively, indica-
tive of good free-flowing characteristics (Sang-Cheon and others
1993).

A shear tester uses mechanical operation to measure flowability.
Cohesion is determined and, subsequently the angle of internal
friction between the surfaces of powder particles is obtained (Ilari
2002). Measurement of angle of repose to compare flowability of
milk powder is still widely used (Svarovsky 1987).
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Instant properties
Agglomerated milk powders are produced to give improved

properties such as flowability, dispersibility, reduced dustiness, and
decreased bulk density. The key function of these powders is to
dissolve “instantly” upon addition to water. The instant properties
of a milk powder are dependent on the following parameters:
wettability, sinkability, dispersibility, and solubility (Pisecky 1997).

Wettability. It is a measure of the ability of a powder to absorb
water on the surface, to be wetted, and to penetrate the surface of
still water. Contact angles indicate the degree of wetting when a
solid and liquid interact. The lower the contact angle, the greater
the wetting. It defines the potential for a powder to wet and
absorb water at a given temperature. In wetting, the voids within
a powder are replaced by water. Generally, it depends on powder
particle size, density, porosity, surface charge, surface area, the
presence of amphipathic substances, and the surface activity of the
particles. Surface coverage with hygroscopic components (such as
lactose) yields good wetting properties because of the small contact
angle (Fäldt and Bergenståhl 1996; Kim and others 2002).

Wettability is also determined by the temperature of the water
used. Milk powders which wet easily and quickly are often termed
“instant” milk powders. SMP that is wetted in less than 15 s is
termed “instant.” There is no requirement for WMP, but it is
advantageous that WMP be wetted in about 30 to 60 s (Kelly and
others 2003). Fast wetting is also favored by large particles of high
porosity; this is why agglomeration of particles into larger units
and addition of natural surfactants (such as soy lecithin) to powders
are commonly used to enhance the wettability of milk powders
(Schubert 1993). The surface composition of powders is expected
to play an important role in the wetting process. WMP and cream
powder (1 g/100 mL of water) could not be wetted within a
reasonable time frame (15 min) by Kim and others (2002). Even
greater differences in wetting times after surface fat extraction were
found for spray-dried ice cream mixes (Vega and others 2005b).
Swelling of the particles always results in a slower rate of wetting,
which might even approach zero, as in the case of whey protein
concentrate (WPC) (Kim and others 2002).

Sinkability. It is the ability of powder particles to overcome
the surface tension of water and sink into the water, after pass-
ing through the surface. It is expressed as mg of powder that
sink/min/cm2 surface area (Schober and Fitzpatrick 2005).

Dispersibility. The ability of a powder to separate into indi-
vidual particles when dispersed in water with gentle mixing is an
important consideration in industrial settings. Dispersibility is the
ease with which lumps and agglomerates of powder fall apart in
the water. It is expressed as the percentage of the solids dissolved.
Dispersibility of SMP (≥90%) is more than that of WMP (≥85%)
(Tamime 2009).

Very dispersible powders typically exhibit good wettability and
are agglomerated, with the absence of fine particles. They are
needed to determine how easily a powder goes into solution under
normal home-mixing conditions. SMPs are more dispersible in air
(18% to 20%) than fat-containing powders (7% to 11%) (Tuohy
1989).

Solubility/insolubility index. Solubility is an important feature
of milk powders. Poorly soluble powders can cause processing
difficulties and can result in economic losses. Solubility is a measure
of the final condition to which the constituents of the powder can
be brought into solution or stable suspension. Solubility depends
mainly on the chemical composition of the powder and its physical
state. Some factors which directly influence the insolubility of milk
powders are (1) the presence of lactic acid in milk, (2) the heat

treatment of milk, (3) the type of spray-drying, (4) levels of salt
ions in the protein of milk powder, and (5) a heat stabilizing agent
added to milk prior to manufacture (Singh and Newstead 1992).

The mechanism for insolubility involves the unfolding of β-
lactoglobulin, followed by its aggregation with casein. The main
factor controlling the insolubility index is the particle temperature
during the drying stage when the moisture content is between
10% and 30%. A kinetic model that predicts the insolubility index
as a function of temperature and particle diameter was developed
by Straatsma and others (1999). The solubility of spray-dried SMP,
WMP, and partially skimmed milk powder (>99%) is more than
that of tray-dried cheese powder (about 91%). Roller-dried milk
powder has the least solubility (about 85%) (Tamime 2009).

The test to assess solubility involves adding 10 g of SMP or 13 g
of WMP to100 mL of water at 25 ◦C with high-speed mixing for
90 s (Tamime 2009). The reconstituted milk is left standing for 15
min and then the amount of sediment at the bottom of the tube
is measured in mL and is termed solubility index. Insolulbility
index can be determined by adding 10 g of SMP or 13 g of
WMP to 100 mL of water at 24 ◦C ± 0.2 ◦C with high-speed
mixing for 90 s after adding defoaming agent (octylalchohol or
diglycol laurate). The reconstituted milk is left standing for 15
min and after proper stirring 2 centrifuges are filled till 50 mL
mark. After centrifugation for 5 min, suck the sediment-free liquid
and again fill the tubes with water to the mark of 50 mL. After
proper dispersion, recentrifuge for 5 min at 900 rpm and read the
amount of sediment in mL and express it as Insolubility Index (IDF
1988).

Foaming properties
Foam formation is important in the development of the texture

of foods such as ice cream, mousse, whipped topping, meringues,
and even coffee (espresso coffee). While most foams are formed at
low temperature, there is also interest in the foaming properties of
milk at high temperature, for example, in the foams produced by
steam injection for hot milk-based beverages.

Proteins have a major role in the stabilization of steam-frothed
milks. The milk powders containing citrate salt are alternatives to
physical blends of conventional SMPs and citrates for enhancing
the foaming properties of milks at both low- and high-application
temperatures. The addition of citrate at 0.1 mol/kg Milk Solid Not
Fat (MSNF) to milk concentrate, during powder manufacture, has
been shown to enhance the steam-frothing properties of milk. The
improved foaming properties of citrated powders are attributed to
the effects of added citrate on the dissociation of casein micelles
(Augustin and Clarke 2008).

Certain terms of significance for the foaming property of milk
powders are “foam overrun” and “foam stability.”

Foam overrun: It is calculated as (Augustin and Clarke 2008):

Foam overrun (%)

=
wt. of 100 mL solution − wt. of 100 mL foam

wt. of 100 mL foam
× 100.

Foaming stability. It refers to the relative ability of the foam
to withstand spontaneous collapse or breakdown from external
causes. It is calculated as (Phillips and others 1987; Augustin and
Clarke 2008):

Foam stability (%)

=
wt. of 100 mL solution − wt. of liquid drained

wt. of 100 mL foam
× 100.
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Heat stability of dried milk
Heat stability is an important attribute of milk powders used

in hot beverages, custards, white sauce mixes, bakery items, and,
most importantly, the manufacture of recombined milk products
(such as evaporated milk). Milk powder used for making recom-
bined evaporated milk (REM) that must withstand sterilization
requires adequate heat stability, otherwise the protein precipitates
during or shortly after sterilization. Heat stability of milk is mainly
a function of its milk protein stability (Singh 2004) and may be
affected by protein content and, thus, protein standardization can
be used to achieve more consistent protein content in dairy prod-
ucts and perhaps improve heat stability. Sikand and others (2010)
concluded that heat stability is influenced by the type of NDM
powder (low- or medium-heat powder) and standardization mate-
rial (permeate powder or edible lactose powder). A combination
of low-heat and permeate powder provides the best heat stability
for reconstituted milk (Sikand and others 2010). Calcium forti-
fication of SMPs by addition of citrate and carbonate salts im-
proves their heat stability. The presence of calcium carbonate in
reconstituted SMP with a 1.75% protein level greatly improves
the heat stability which may be partially due to the neutraliz-
ing effect (Vyas and Ton 2005). A high preheat treatment of the
milk is needed to ensure but is not a sufficient guarantee for heat
stability. The effect of calcium ions on heat-induced gelation of
recombined milk powders depends on the extent of preheat treat-
ments (Newstead 1977; Madkor and Fox 1990). Some countries
allow the use of stabilizing salts such as mono- and disodium phos-
phates in preparing REM prior to canning and sterilization. In the
case of dried milk, the production of heat-stable SMP and cof-
fee whitener or creamer (to prevent feathering) demands careful
attention to the control of their heat-stable characteristics (Kelly
1981).

Factors Determining the Functional Properties
of Dairy-Based Powders

The physicochemical characteristics of milk powders de-
pend on the original raw milk composition and standardiza-
tion, and characteristics of the concentrate before spraying (com-
position/physicochemical characteristics, viscosity, thermosensi-
bility), as well as the drying parameters (type of tower spray
dryer, nozzles/wheels, pressure, agglomeration, and thermody-
namic conditions of the air: temperature, relative humidity, veloc-
ity), and how the powder will be used in a particular food system
(Oldfield and Singh 2005). Preparation of dairy powders involves
many critical parameters which affect their functional properties.
These include:

Type of feed
Higher total solids (TS) of feed will require less heat treatment

to remove moisture. Skim milk, buttermilk, and whey have lower
TS (8% to 9%) as compared to whole milk (about 13%) and thus
the former would require higher drying temperatures (200 ◦C
instead of 190 ◦C for WMP).

Additives
Additives like citrates enhance the foam stability and foam over-

run of low-heat SMP (Augustin and Clarke 2008). Lecithin is
used to improve the properties of instantized milk powders. This
involves dissolving lecithin in butter oil and spraying over the ag-
glomerated milk powder, either internally or in a fluidized bed,
and outside the dryer (Pisecky 1997).

TS of milk concentrate
The evaporators are limited to concentrating milk up to about

50% TS; higher solid concentrates produce powders with poor
functional properties (Caric 1994).

Heating of concentrate
Before spray-drying, milk concentrate is heated at a tempera-

ture in the range of 65 ◦C to 80 ◦C to reduce its viscosity. This
is to optimize atomization of the concentrate in the spray dryer,
thereby improving spray-drying efficiency and powder properties
(such as solubility index and coffee sediment) (Baldwin and others
1980; Oldfield and others 2000). Any heat-sensitive microorgan-
isms present are also destroyed by the concentrate heating step.

Temperature during concentration
Heating under vacuum requires low temperature for drying. As

the temperature of drying is lowered, there is an increase in the
solubility and a decrease in the free fat content of milk powder.
The bulk density of milk powder decreases with an increase in the
temperature of concentration (Tamime 2009).

Preheating and homogenization of concentrate
A combination of high homogenization pressure and high tem-

perature treatment of the concentrate before spray-drying re-
sults in poor reconstitution properties of the powder, particu-
larly when heating is carried out after homogenization (Singh and
Aiqian 2010). Homogenization of the whole milk concentrates
before spray-drying helps to reduce the presence of free fat in the
powder.

Type of dryers. Conventional single-stage drying is now be-
ing replaced by two- or three-stage drying in the dairy industry.
Besides economy, they enhance agglomeration and instantization,
resulting in improved functional properties like uniform size dis-
tribution and better flowability. Two-stage and multistage dryers
are more energy-efficient and less damaging to milk powder prop-
erties than single-stage dryers (Masters 1991). The advantages of
spray-drying include the following: (1) the powder specifications
remain constant throughout the dryer when drying conditions are
held constant; (2) it is a continuous and easy drying operation that
is adaptable to full automatic control; and (3) a wide range of dryer
designs is available to suit a variety of applications, especially for
dehydration of heat-sensitive materials (Vega-Mercado and others
2001).

Atomization through disc or nozzle atomizer. An increase in the
speed of atomizing results in finer droplet particles; drying takes
place efficiently. Hence, there is an increase in the solubility and
decrease in the free fat content of the milk powders with increase
in the speed of the atomizer. The bulk density increases due to
higher surface area-to-volume ratio (Tamime 2009). Milk powder
produced using the rotary atomizer has better solubility and dis-
persibility properties, although milk powder produced using the
nozzle atomizer has higher bulk density according to Yetismeyen
and Deveci (2000).

Nozzle atomizers are preferred over disc atomizers for high-fat,
milk-based powders as they help in reducing the free fat content.
Reduction of nozzle size results in a powder with lower free fat
content and that, too, at a lower outlet drying air temperature
(69 ◦C) (Kelly and others 2002).

Inlet air temperature
For spray-dried powders, an increase in the inlet air temperature

leads to quick removal of moisture and results in hardening on
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the surface of the powder particles, leading to lower fat leakage.
Hardening of the powder particle surface checks the removal of
trapped air leading to low bulk density (Nijdam and Langrish
2006). High inlet air temperatures are normally desirable from an
energy efficiency perspective during drying and may improve bulk
density, provided that the risk of causing case hardening on the
surfaces of powder particles is avoided (Pisecky 1978).

Outlet air temperature
For spray-dried powder, an increase in the outlet air tempera-

ture creates cracks on the surface of a powder particle, resulting
in greater fat leakage. The cracks promote removal of moisture
with air and thus there will be decreased bulk density (Nijdam
and Langrish 2006). Low air outlet temperatures generally fa-
vor more uniform drying of droplets, controlled particle shrink-
age, and improved powder bulk density (De Vilder and others
1976).

Agglomeration after spray-drying
The powder manufacturers desire free-flowing powders and

absence of dust in such a way that it facilitates handling of the
powders. Both requirements are met by applying agglomeration
of food powders. Agglomeration, in general, can be defined as
a process during which primary particles are joined together so
that bigger porous secondary particles (conglomerates) are formed.
Agglomeration is also referred to as intantizing. Rehydration and
reconstitution are important properties of powders that decide its
convenience in domestic as well as industrial uses. Agglomerates
have both coarse and open structures varying from 0.1 to 3 mm.
Agglomeration improves the dispersability of the formed products
that are wetted uniformly when put in either cold or hot water
(Dhanalakshmi and others 2011). Agglomeration of powder af-
ter spray-drying is used to get larger particles (50 to 80 μm in
conventional to 250 to 500 μm in agglomerated powders) with a
narrower size distribution in order to improve flowability; and to
modify particle structure (porosity) to obtain good instant prop-
erties. In a spray dryer, agglomeration can take place within the
spray of an atomizer, between sprays of various atomizers and be-
tween sprays and dry material being introduced into the drying
chamber (such as by return of particles having a diameter less than
100 μm). The latter technique is often the most effective way to
achieve and control agglomeration (Verdurmen and others 2005).
Agglomeration of spray-dried powders is performed outside the
drying chamber in a fluid bed, where the particle surface is wetted
with sprayed water (or another binder solution) (Gianfrancesco
and others 2008).

Storage stability
Spray-drying is a fast process that produces dry solids that often

exist in an amorphous state. This gives thermoplastic and hygro-
scopic properties to the product being dried and, as a result, (1) it
tends to stick on the walls of the dryer during processing, and (2)
it shows great sensitivity to moisture and temperature fluctuations
during storage. This is particularly true for systems containing high
levels of low molecular weight carbohydrates (Bhandari and others
1997; Bhandari and Howes 1999). Susceptibility to deterioration
during storage at high temperatures and/or relative humidities for
sugar-containing products has been related to their glass transition
temperature (Tg) (Aguilera and others 1995; Christensen and oth-
ers 2002; Vega and others 2005a). Liquids in the amorphous state
have very high viscosity (>1012 Pa s), which makes them appear as
solids. Roos and Karel (1991) correlated the Tg to critical viscosity

and found that the critical viscosity was reached at a temperature
of 10 ◦C to 20 ◦C above the Tg.

Properties of Milk Powders and Milk-Based Powders
The functional properties of milk powder are important when

the powders are used for recombination or in the manufacture of
various food products. These functional properties include emul-
sification, foaming, water absorption, viscosity, gelation, and heat
stability, which are essentially the manifestations of the physical
and chemical properties of the milk.

Moisture content
The milk powders are produced with legal specifications for

maximum moisture content; high moisture content of milk pow-
der favors nonenzymatic browning. Too low a moisture content
can result in an increased fat oxidation rate (Labuza 1971; Van Mil
and Jans 1991). In two- or three-stage dryers, besides final mois-
ture content of powder, the moisture content of powder leaving
the drying chamber (first stage of drying chamber) is important
(Masters 1991). A combination of factors involving feed properties
(TS, temperature), atomization conditions, and the conditions of
drying air (inlet and outlet temperature of drying chamber/fluid
beds) influences the moisture content of the resultant powder
(Straatsma and others 1991).

Hygroscopicity
It is a measure of the water absorption by a powder. It is often

measured by passing air of a known humidity level (usually 80% at
20 ◦C) over a powder until equilibrium is reached, then measur-
ing the weight gain of the powder. Powders which absorb much
moisture may cake during storage (Tamime 2009).

Free fat levels
An increase in the level of free fat may make the powder prone

to oxidation and the powder will have poor rewetting properties,
and it may affect the flowability of the powder. Homogeniza-
tion of concentrate assists in reducing free fat. Higher outlet air
temperature in the spray dryer leads to high free fat levels. A
slight curvilinear relationship exists between free fat and total fat
content in the powders (Kelly and others 2002). Twomey and
Keogh (1998) suggested that free fat in spray-dried WMP may
be increased by using smaller nozzles and higher nozzle pressures.
Hansen and Hansen (1990) saw an effect on chocolate viscos-
ity between WMP atomized from a nozzle at different pressure.
Higher nozzle pressure gave lower viscosity, most likely due to
the higher free fat content. Another important factor that affects
free fat levels is the degree of lactose crystallinity (Haylock 1995;
Twomey and Keogh 1998), as the crystalline lactose (as opposed
to amorphous lactose) causes the milk fat to be expressed from the
droplet.

Free fat content in WMP cannot be avoided, but it can be
controlled by adopting the following:

(1) Avoid excessive pumping and agitation of the raw milk.
Avoid recirculation in the evaporator.

(2) Homogenization of the concentrate, preferably in a two-
stage homogenizer (70 to 100 kg/cm2 + 25 to 50 kg/cm2

pressure in 1st and 2nd stage, respectively).
(3) Nozzle atomization produces a powder with a lower free fat

content than with the disc atomization.
(4) Two-stage drying gives a powder with a lower free fat con-

tent than the one-stage drying. Strong mechanical handling
of the powder should be avoided.
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Table 1–Comparison of physical and flow properties of commercial milk powders at ambient conditions (20 ◦C).

Physical properties

Type of powder Fat (%) Mean particle size (µm) Moisture (%) Bulk density (kg/m3) Particle density (kg/m3) Flow property (flow index)
SMP 0.90 53 4.7 646 1133 6.1
WMP 26.00 99 3.3 627 1180 1.45
High-fat powder 73.00 76 2.0 433 934 1.78

Source: Fitzpatrick and others (2005).

Table 2–Application of heat-classified milk powders based on functional properties.

Heat classification WPNI (mg undenatured Typical heat Applications
of powder WPN/g of powder) treatment Functional properties or end use

Low-heat SMP ≥6.0 70 ◦C/15 s Solubility, lack of cooked flavor Recombined milk, cheese making,
milk standardization

Medium-heat SMP or 4.51–5.99 85 ◦C/60 s Emulsification, foaming, water Ice cream, chocolate confectionery
medium high-heat SMP 1.51–4.50 90–105 ◦C/30 s absorption, viscosity

High-heat SMP ≤1.50 90 ◦C/5 min or 120 ◦C/
1–2 min

Heat stability, water binding,
gelation, water absorption

Recombined evaporated milk,
sweetened condensed milk,
gulabjamun mix powder, bakery

Source: Kelly and others (2003).

Agglomeration and lecithination
This process improves the wettability but has less of an effect on

the bulk density of milk powders. Such a process is adopted in the
drying industry to achieve better reconstitution properties (Masters
2002; Dhanalakshmi and others 2011). Lecithination is used to
improve the properties of instantized milk powders (Pisecky 1997).

The surface stickiness of powder particles depends on the sur-
face temperature during drying, water content, and composition
(carbohydrates, fats). When the surface reaches the sticking state,
collisions with other particles could lead to agglomeration de-
pending on the velocity, force, angle, and time of contact between
the powder particles (Huntington 2004). Agglomeration leads to
greater incorporation of air between the powder particles. During
reconstitution, this air is replaced by water and thus the agglom-
erates readily disperse and dissolve quickly (Caric 1994).

The flowablity of all types of powders is dependent on the
combined effect of primary (dispersion) and secondary structure
(agglomeration). Powder with added lecithin has good instant
properties, but it has lower flowablity. Convexity of agglomer-
ates and their relative homogeneity in size is required for a powder
to have good flowablity (Ilari and Loisel 1991; Gharemann and
others 1994). The angle of repose was shown to range from 33◦
to 38◦ for SMP to 40◦ to 58◦ for fat-containing milk powders
(Tuohy 1989). Few properties of various types of milk powders
are depicted in Table 1.

Scorched particles
These occur as unsightly, discolored specks in milk powders.

They are often the result of powder deposits in the spray-drying
system. With a low water activity and exposure to hot air, the milk
powder deposits darken through the Maillard reaction and they can
be perceived as sediment or dirt particles. On reconstitution, how-
ever, they dissolve and this powder defect most often disappears
but many of the times remain as sediment at the bottom. Tests for
spray-dried and instant milk powders typically use the “water disc”
method. The test uses a process that involves filtering a hydrated
milk powder solution through a disc, and comparing the color of
the mass on the dried disc with standard discs (Tamime 2009).

Dairy-Based Value-Added Powders
SMP is widely used as an ingredient in many formulated foods.

Soups, sauces, and confectionery and bakery products all bene-
fit from the functional properties provided by SMP. The powder

can be tailored to a specific end use by manipulating the process-
ing conditions. Dairy powders include conventional powders like
SMP, WMP, and partial SMP; value-added ones include cheese
powders, delactosed and demineralized whey powders, butter-
milk powders (BMPs), dairy whiteners, and so on, although the
specialty or “tailor-made” powders may include “heat-classified”
SMPs, total milk proteinates (TMP), coffee creamer powder, and
so on. The details of a few powders are given below:

Heat-classified milk powders
Based on the heat treatment meted out to skim milk in the

preparation of SMP, mainly 3 classes, low-heat, medium-heat, and
high-heat SMP can be produced. Whey protein nitrogen index
(WPNI) is the result of the determination of undenatured whey
proteins in nonfat dried milk (NFDM) developed by the American
Dairy Products Institute. It is important in terms of functional
properties and particularly in relation to the use of milk powders
for the manufacture of some recombined milk products. The test
measures the amount of soluble whey protein in SMP. It gives an
indication of the heat treatment used on the milk prior to drying
(Jana and Thakar 1996; Sikand and others 2008). The basis of
classification of NFDM based on WPNI and application of such
heat-classified powders is presented in Table 2.

Heat stable powders
Heat stabilization of skim milk is carried out during evapora-

tion and drying by a high-temperature preheat treatment of the
milk which denatures the whey protein and forms a heat-induced
complex between κ-casein and β-lactoglobulin. The presence of
native undenatured whey protein in concentrated milks has been
shown to have a detrimental effect on heat stability. Various pre-
heating temperature-time combinations have been suggested such
as 85 ◦C to 90 ◦C/10 to 20 min (Griffin and others 1976; Kieseker
and Pearce 1978), 99 ◦C to 120 ◦C/0.5 to 2.0 min (Newstead and
others 1975), and 110 ◦C to 130 ◦C a few seconds for preparing
heat-stable SMP (Kelly 1981).

Heat stability is the ability to withstand sterilization conditions
or other high-heat treatments. This is especially important in the
manufacture of REM products or in other high-heat applications,
such as whiteners for hot beverages, soups, and sauces. The heat
stability of milk powder is affected by the composition of the
original milk from which the powder was made, processing con-
ditions, additives, and the composition of the food system the
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powder is used in. Commercial WMPs have been assessed on an
arbitrary basis as “coffee stable” or “coffee unstable” depending
on whether their sediment values were less than or greater than
1 mL, respectively (Teehan and others 1997).

Modified SMP
The instant controlled pressure-drop (ICPD) treatment greatly

affects the physical, structural, and textural properties of spray-
dried skim milk by texturizing the powder granule. ICPD tech-
nology is a high-temperature, short-time treatment followed by an
abrupt pressure drop toward vacuum (about 5 kPa with a pressure
drop speed >0.5 MPa/s). The last operation allows residual water
to instantly autovaporize, inducing rapid cooling and controlled
expansion of the product. Utilizing the ICPD versions (such as
high air pressure-ICPD or steam-ICPD), the specific quality and
properties of milk powders can be modified and controlled by
mastering the microstructure. ICPD allows the specific surface
area to increase (reaching 200 m2/kg compared to 100 m2/kg
for conventional SMP) and allows the porosity, interstitial air vol-
ume, compressibility, dispersibility, and bulk density to decrease
(Mounir and others 2010).

High-protein milk powder from ultrafiltered retentates
A delactosed, high-milk-protein powder (HMPP), also referred

to as TMP or milk protein concentrate (MPC), has been made
from skim milk through ultrafiltration (UF) and diafiltration (DF)
to obtain retentate having 19.0% protein and 0.08% lactose. The
UF retentate (21.0% TS) is then spray-dried (inlet and outlet air
temperature of 125 ◦C and 80 ◦C, respectively) to have pow-
der having 5.33% moisture, 2.27% fat, 88.0% total protein, 0.74%
lactose, and 7.05% ash (Mistry and Hassan 1991a, b; Mistry 2002).
The surface of a powder becomes smoother with reduction in
the lactose content. Caking of powder is also reduced, impart-
ing good flowability. Such powder has highest foaming capacity
at pH 10 (Mistry 2002). The color of HMPP is grayish-white as
compared to the yellowish-white color of SMP. The HMPP has
lower loose (0.31 g/mL) and packed densities compared to SMP.
Hydroxymethylfurfural (HMF), an indicator of browning index,
was not detected in HMPP, even during storage, although in SMP
it increased with storage (Mistry and Pulgar 1996). Heat treatment
of milk prior to UF resulted in improved gel-water holding ca-
pacity of the powder. The emulsifying capacity decreased when
the pH of milk was raised to 7.0 prior to drying (El-Samragy
and others 1993). The absence of lactose in such HMPP makes
it a useful ingredient for application in nonfat yogurt, ice cream,
and cheese (Mistry 2002). The functional properties (foaming
and heat stability) of spray- or freeze-dried UF skim milk reten-
tates were found to be satisfactory (Jimenez-Flores and Kosikowski
1986).

MPC are commonly added to milk or cheese formulations to
enhance the protein content and/or the yield of the final product.
They are used to enhance the textural characteristics of yogurts.
The use of MPCs in nutritional drinks is growing. In these ap-
plications, MPC provides both casein and whey proteins in the
same ratio as existing in milk, but without a high lactose content
(Baldwin and Pearce 2005). When added to make nonfat yogurt,
it serves as a stabilizer to improve its body and texture (Mistry
2002).

BMP
Buttermilk can be dried into a value-added BMP, rich in

lecithin, for use as a cheaper milk solids source with functional

benefits in the food industry. As the severity of heat treatment is
increased there is an increase in free sulfhydryl groups which results
in decreased protein solubility. The foaming capacity and stability
depends on the size, extent of protein denaturation, solubility, and
flexibility of proteins. BMP showed limited water-holding capac-
ity (0.75 g water/g protein), fat-absorption capacity (1.2 g of oil/g
of protein), foaming capacity (0.5 mL of foam/mL of solution),
and stability; the emulsifying capacity and stability were similar to
those of SMP. About 0.9 g of protein from BMS was needed to
emulsify an oil concentration of 50% in water. Denaturation of
protein was declared a critical factor affecting the functionality of
BMP by Wong and Kitts (2003).

Whey powder and its variants
Whey powder is another cheap source of milk solids for appli-

cation in the dairy as well as the food industry. Whey powder in its
native form has limited applicability in food because of its hygro-
scopicity, imparting “salty” flavor due to the high mineral content.
Hence, process modification is necessary to make whey powders
more compatible for uses in food applications. In the case of sweet
whey powder, foaming properties showed a positive correlation to
particle size and negative correlation to lipid content. The protein
solubility showed positive correlation with protein content and
negative correlation with turbidity of the sample (Banavara and
others 2003).

Complete crystallization of lactose from the concentrated whey
through seeding of the concentrate, followed by spray-drying re-
sulted in the production of a “nonhygroscopic” whey powder
(NHWP). Delactosed and demineralized whey powder can be
produced by crystallizing out some of the lactose and then sub-
jecting the mother liquor to demineralization to remove 70%
to 90% of the minerals. The latter powder finds application in
infant foods, diet food formulations, prepared mixes, and more
(Fox and others 2000). Amorphous lactose was shown to affect
the moisture sorption and caking properties of spray-dried, milk-
based powders. The SMP absorbed more moisture and formed
harder cakes more rapidly than the NHWP (Listiohadi and others
2005).

The protein solubility of chhana whey protein powders, pro-
duced by UF and Reverse Osmosis followed by spray-drying var-
ied from 57% to 100% and was greatest at low pH values. Such
powders had emulsifying properties similar to those of commercial
cheese whey protein powders of similar protein content. However,
their capacity to form gels was much lower, particularly at alkaline
pH (Jindal and Grandison 1994).

A volume concentration ratio of 4 obtained by nanofiltration
(NF) with simultaneous DF of acid casein whey resulted in ob-
taining 19% to 21% TS with demineralization up to 40% to 48%.
Such concentrate was spray-dried to obtain demineralized whey
powder. The reduction in the mineral content of whey powder
led to an increase in lactose crystallization yield of 31% (without
DF) to 60% (with DF). This lowered the hygroscopicity of the
whey powder by two times for NF and three times for NF-DF
(Jeantet and others 1996).

Powders for coffee
Dairy powders as whiteners or creamers have found a vital role

in coffee. Popular coffee additives are dried milk concentrates,
evaporated milk, coffee cream, liquid milk, and coffee whiteners.
Milk proteins enter into reactions with tannins and gives coffee
a pleasant, slightly creamy taste. The tart taste of coffee, which
results from the presence of tannins, is considered undesirable and
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unpleasant by some consumers (Kelly and others 1999). Rich taste
and foam are the functional properties imparted by dairy powders.
Besides coffee stability, milk powders should have whitening abil-
ity, provide body and mouthfeel, and impart a rich, creamy dairy
flavor (Oldfield and Singh 2005).

Milk powders upon dissolving in a coffee solution should remain
stable (show no visible precipitation). The precipitation is called
“feathering,” comprised of whole casein micelles attached to fat
particles through micellar casein phosphate. Coffee stability is a
measure of the milk powder’s resistance to protein instability and
resistance to “feathering.” Milk protein stability is affected by
high temperature, low pH (as in coffee), water hardness (high
levels of Ca, Mg), other factors, etc. The denaturation of whey
proteins affects the coffee stability of SMP and it is claimed that
powders with WPNI equal or less than 3 exhibit the best coffee
stability. Other factors such as milk protein composition, amino
acid profile, and overall protein level also influence stability. The
stability of such powders can be improved by removal of calcium
through NF (Mc Kinnon and others 2000; Refstrup 2000).

The stability of milk powder is related to the intensity of the
milk heat treatment. The amount of residues in the coffee test
with milk processed at 75 ◦C/30 s and at 97.5 ◦C/2 min was
0.33 mL and 1.15 mL, respectively (Oldfield and others 2000).

Butter powder
Free-flowing butter powder was made from ripened/unripened

cream or butter using SMP and/or Na caseinate as encapsulating
material. The bulk density of the butter powder ranged from 0.14
to 0.29 g/cm3, depending on the type of encapsulating material.
The flowability of butter powder increased with the addition of
0.5% sodium aluminum silicate; unripened cream as raw material
gave the highest flowability to the resultant butter powder. Butter
powder having 80% fat, and 16.5% MSNF gave the best result.
Use of 0.4% each of sodium citrate and glycerol monostearate
along with SMP gave best results to Prasad and Gupta (1984). Na
caseinate stabilized the fat globules in butter powder to the greatest
extent, followed by WPC, MPC, and SMP (Patel and others 1987).
Stability (resistance to clumping) of butter powder was improved
4-fold using Na caseinate rather than SMP as the protein carrier
along with trisodium citrate (Frede and others 1987).

Evaporation of water in the preparation of butter powder is done
through co-current flow with a nozzle tower or drying chamber
and integrated belt or through a mixed-flow drying chamber with
integrated fluid bed. Sticking of products on the walls of the drying
chamber can be avoided by incorporating drying aids like NFDM
or maltodextrin in the formulation, including a free-flowing agent
(Masters 2002).

Cheese powder
Cheese powder is used primarily to add flavor to baked goods,

biscuits, or snacks such as potato crisps. It can also be used in dip
mixtures and similar products. Cheese powder can be stored at am-
bient temperature, unlike natural cheese which needs refrigerated
storage. Cheese powder can be conveniently incorporated into
savory foods. The cheese slurry is concentrated to 35% to 45%
TS, followed by homogenization and spray-drying. Co-current
flow tower drying chambers with external fluid beds and nozzle
atomizer or integrated belt and mixed-flow drying chambers with
integrated fluid beds and nozzle atomizer are preferred for drying.
The main difficulties with processing cheese powder are the ma-
terials handling in the feed formulation step and the formation of
deposits in the spray dryer chamber and collection system. Wall

sweeps may be an advantage, or a small dryer that can be cleaned
easily could be used.

The bulk density, dispersibility, flowability, and sinkability of
cheese powder improved with increasing TS content of the slurry.
The physical properties of cheese powder were improved by use
of 3.0% disodium hydrogen orthophosphate (Kumar and Tewari
1991). Low air outlet temperature ensured flavor retention. Cheese
has a higher fat content (18% to 25%) and thus secondary air cool-
ing is required to avoid sticking of powder to the dryer walls. Min-
imal mechanical handling is recommended to reduce the damage
to the fat globule membrane. Use of high-melting fat fractions
resulted in low free fat development and enhanced the flowability
of the resultant powders (Masters 2002).

Encapsulated butteroil powder (BOP)
Butteroil can be converted into dried form by encapsulating it

(such as in a starch/oil emulsion). A protected soft core is used to
deliver bioactive additives (usually carotenoids and ω-3 fatty acids).
BOP can be subjected to single or double encapsulation. The
primary encapsulant used are starches and sugars (sucrose, maltose,
lactose), although a secondary encapsulant can be a mixture of
vegetable waxes and linear alcohol polymers. Higher fat content
or higher extractable/encapsulated fat in the slurry formulation led
to lower flowability of the resultant powder in study by Onwulata
(2005).

Malted milk powder
Use of malt solids in milk-based products reduces the cost and

extends the supply of cereal proteins to a large population. A typical
malted milk powder had 3.0% moisture, 8.4% fat, 16.5% protein,
62.5% sugar, and 4.4% ash. The physical properties of significance
reported were wettability 13 s, dispersibility 33 g, flowability 62.8◦
(angle of repose), sinkability at 2 min 24% transmission, packed
bulk density 0.65 g/mL, free fat 1.3% (as % of fat), and solubility
index 0.6 to 1.0 mL (Salooja and Balachandran 1988; Dhillon
2005).

Functional Benefits of Milk Powder as an Ingredient
in Food Products

Because milk powder and milk-based powders have varied func-
tionalities, such properties are of immense significance for its use
as a valued ingredient in several food products. Manufacturers can
add milk powder as a functional ingredient to a wide variety of
foods, for example, chocolate, bakery products, beverages, con-
fectionery items, and yogurt. The benefits of using milk-based
powders in food applications are provided in Table 3.

Milk powder for cheese making
A modified method was used to prepare milk powder by par-

tial removal of whey protein from milk through use of combined
microfiltration and UF (to concentrate permeate of microfiltered
milk). Partial removal of whey protein before heat treatment prob-
ably avoided formation of a β-lactoglobulin-κ-casein complex
during thermal processing. The concentrate was spray dried using
inlet air of 250 ◦C, integrated fluid bed air at 76 ◦C, and an out-
let air temperature of 88 ◦C. Mozzarella cheese when made from
recombined milk using such modified powder, helped in giving
7.3% higher cheese yield, and with cheese-making abilities similar
to those of raw milk (Garem and others 2000). The use of MPC
for standardization of whole milk for cheese manufacture offers
several advantages including high yield, high quality of the whey
stream due to reduced lactose levels in MPC, and, consequently,
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Table 3–Examples of functionality of milk powder and milk-based powders in food applications.

Function Benefit Application

Browning/color Accentuates color development during cooking and baking.
Enhances the color of viscous products such as sauces, soups.
Improves opacity in low fat foods.

Baked goods, confections, recombined milk, nutritional
beverages, sauces, soups, salad dressings.

Flavor enhancement Provides baked flavor during baking and heating. Provides
creamy dairy notes.

Meat and same as above.

Emulsification Prevents fat globules from forming lumps. Improves product
appearance.

Same as above.

Gelling and heat setting Improves mouthfeel, helps provide the creamy, smooth texture
of fat important for low-fat products.

Confections, recombined milk, meat, prepared foods.

Solubility Some milk powders disperse well in food systems. Prevents
sedimentation in beverages, soups, and sauces.

Bakery, beverages, confections, frozen desserts, infant
formula, soup and sauces, yogurt.

Water binding and viscosity
building

Provides fat-like attributes in products. Allows a reduction in fat
content. Improves product texture.

Baked goods, confections, recombined milk, nutritional
beverages, prepared foods, sauces, soups.

Whipping, foaming, and
aeration

Maintains foam properties which enhance visual appeal as well
as taste and texture.

Baked products, confections, recombined milk,
nutritional beverages.

Table 4–Influence of milk powder properties on chocolate.

Milk powder properties Effect on chocolate properties
Particle size and distribution Flow properties
Particle shape Refining operations
Surface characteristics of particles Tampering conditions
Free fat level Hardness/snap
Particle density Bloom stability
Flavor attributes Flavor profile

Source: Liang and Hartel (2004).

reduced residual lactose in cheese compared to using condensed
skim or SMP (Shakeel-Ur-Rehman and others 2003).

Milk crumb for the chocolate industry
Milk powders are used as a vital ingredient for the preparation of

“milk crumbs” for use in milk chocolates. Milk crumb is made by
vacuum drying of a crystallized mixture made from milk, sugar,
and cocoa liquor (Minifie 1989; Attaie and others 2003). The
milk powder properties that influence chocolate properties are
furnished in Table 4.

Milk fat in milk powder affects the tempering conditions, melt
rheology, hardness, and bloom stability in chocolate products
(Twomey and Keogh 1998). By in situ lecithination, it was possible
to deliver polar lipids to the powder surface by means of co-spray-
drying polar lipids with lactose which made SMP highly suited to
chocolate manufacture (Millqvist-Fureby and Smith 2007). Char-
acteristics of milk powders of specific importance to milk choco-
late manufacture include degree of free fat, particle size and struc-
ture, and air inclusion (Twomey and Keogh 1998). Powders that
contain high free fat, or fat that is easily extractable and can interact
directly with the cocoa butter in chocolate, typically have been de-
sired by milk chocolate manufacturers (Hansen and Hansen 1990).
A high free fat level results in reduced chocolate viscosity, mak-
ing it easier to process the chocolate and providing an economy
in cocoa butter savings (cocoa butter is usually added to control
viscosity) (Twomey and Keogh 1998).

Roller-dried milk powder is preferred over spray-dried milk
powder as the source of milk solids for chocolate preparation
due to the insufficient flow properties of the latter. Better flow
properties of roller-dried powders are attributed to its higher free
fat content (Dewettinck and others 1996). Roller-dried powder,
being larger (about 150 μm) in size, is preferred for chocolate
making.

Spray-dried milk powder has a median particle size of 30 to
80 μm. The median particle size of spray-dried milk powder con-
taining 26% fat could be increased to 200 μm by increasing the
nozzle size for atomizing the concentrate. The outlet air temper-

ature of a spray drier was required to be raised (to about 90 ◦C)
to have the desired low moisture content of a powder made from
a large-sized atomized concentrate. Such spray-dried powder was
suitable as an ingredient (instead of roller-dried milk powder) for
milk chocolate manufacture (Keogh and others 2004).

Baked goods
Dried buttermilk has been used as a valuable ingredient in spe-

cialty bakery products requiring short texture, without excessive
dryness; the usage levels of 3.0% flour by weight is recommended
(Patel and Jana 1994). Whey solids designed for use in bakery
products should preferably be demineralized and adequately heat
treated to denature whey proteins (Anonymous 1994). Whey
solids have been reported to provide shortening or tenderizing
effect in cake and sponge products. “Breading” or “crumb coat-
ings” used on fried products contains whey as a critical ingredient.
Whey solids act as an emulsifier and have good water binding
properties (Tow 1985; Pomeranz 2002).

Nonfat yogurts
Low-fat and fat-free yogurts have gained popularity because

of increasing demands of consumers who seek healthy options
across product categories. Production of low-fat and nonfat yogurt
demands careful control of texture and flavor attributes (Haque
and Ji 2003). One of the most important steps in production of
low-fat and fat-free yogurts is to increase TS content to prevent
specific textural defects such as poor gel firmness and surface whey
separation (Lucey 2002). It is common to use SMP to fortify yogurt
milk, but other dried dairy ingredients such as calcium caseinate,
sodium caseinate (NaCn), WPC or whey protein isolate, and other
milk protein-based ingredients have gained acceptance as a viable
way to increase TS in fat-free or low-fat yogurts (Isleten and
Karagul-Yuceer 2006).

Conclusions
The quality requirements of dairy powders are diverse. Tech-

nological means can serve in making the powder suitable for such
diverse food applications. There are numerous applications of dairy
powders in the food industry. The heating conditions throughout
the powder manufacturing process results in the denaturation of
whey proteins and their interaction with other proteins and fat
globule membrane components that influence several properties
of the milk powder that is noted during its end usage. The var-
ied functional properties of milk and milk-based powders can be
exploited judiciously to suit the needs of several food industries
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including the dairy industry. The typical examples are milk powder
for recombined dairy products, cheese, ice cream, coffee beverage,
chocolate, and confectionery and bakery products. Tailor-made
powders can be prepared according to specifications provided by
the end user.
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