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Heat treatment is the most widely used processing technology in the dairy industry. Its main
purpose is to destroy microorganisms, both pathogenic and spoilage, to ensure the milk is safe
and has a reasonable shelf-life. Despite the developments of alternative technologies such as
high-pressure processing and pulsed electric field technology for destroying microorganisms,
thermal treatment remains the method of choice for most bactericidal treatments in the dairy
industry, and in the processing of other foods. This choice is largely attributed to the tremendous
success of heating processes since the introduction of pasteurisation of milk in the 1890s following
Pasteur’s earlier discovery that heat treatment of wine and beer could prevent spoilage. In
addition, and most importantly, export certificates requested for milk products often refer to
the OIE Animal Health Code, which does not leave room for alternatives to thermal treatment.

Since the introduction of pasteurisation, heat
treatment of milk has attracted a huge amount of
research attention. Consequently, there is large body
of literature on many aspects of the technology.
Several books, book chapters and reviews have been
published on the topic, many of these under the
auspices of the International Dairy Federation (IDF).

Any intentional heating above 50 ° C for a sufficient
timesuchthatthereisareductioninthe concentration
of one or more microorganisms is considered heat
treatment. Thus, the heat treatment concept
covers an infinite number of combinations of time
and temperature. The intensity of the treatment
is determined by the treatment temperature
and duration at which the product is kept at this
temperature.

The dairy industry uses a wide range of heat
treatments and it is useful to put these in perspective
in terms of their effects on milk. Table 1 lists the
major treatments, their applications, and their

bacteriological, chemical and other effects. The
treatments can be categorised into those used for
milk for direct consumption, such as pasteurisation,
Extended Shelf-Life (ESL) processing, Ultra-High
Temperature (UHT) and in-container sterilisation,
and those used for specific dairy products such as
yogurt and milk powders. In addition, thermisation
used to treat raw milk, allows it to be stored for a
longer time before further processing, or for cheese
making. Further details are given for thermisation,
pasteurisation, ESL and UHT processing, and in-
container sterilisation in IDF Fact Sheets providing
more specific and detailed overviews of these
processes. In particular, the reader is referred to the
following Fact Sheets:

1. Heat treatment of milk — Thermisation,
pasteurisation and extended shelf-life processing;
and

2. Heat treatment of milk — UHT and in-container
sterilisation.
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Table 1. Major heat treatments used in the dairy industry
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Heat treatments
(Temperature-time
conditions)

Applications

Bacteria destroyed

Significant chemical
effects

Comments

Thermisation

(57-68°C/5 s-30
min)

Extending shelf-life
of raw milk prior to
further processing

Manufacture of
some cheeses

Some non-spore-
forming pathogens
and psychrotrophic
spoilage bacteria

Little effect

Product may not be phos-
phatase-negative; not
suitable for drinking milk
as some pathogens may
remain viable

Pasteurisation (72-
80°C/15-30s)1

Drinking milk

Cheese manufac-
ture

Non-spore-forming

pathogens and psy-

chrotrophic spoilage
bacteria; not spores
or thermoduric veg-
etative bacteria

Small effect on vi-
tamins, ~5% whey
protein denatur-
ation, inactivation
lipase

Product must be phospha-
tase-negative; standard
minimum conditions in
most countries are usually
72°C/15s

An alternative process is
batch pasteurization at 63-
65°C/15-30 min

Pasteurised with
ESL (Extended Shelf
Life) processing
(125-140°C/1-10's

Drinking milk with
ESL at refrigeration
temperature

All non-spore-
forming bacteria
and most psychro-
trophic and meso-
philic spores

Depends on actual
heat treatment con-
ditions. Significant
but variable dena-
turation of whey
proteins (25 — 85%
of B-lactoglobulin)

No standard heat process-
ing conditions. Inactivates
lactoperoxidase (some-
times used as a test for ad-
equacy of ESL heat treat-
ment).

Slight alteration of flavor
but minimal at higher
temperatures for shorter
times.

ESL milk is also produced
using microfiltration, usu-
ally combined with a final
(thermal)  pasteurisation
step
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Heat treatments
(Temperature-time
conditions)

Applications

Bacteria destroyed

Significant chemical
effects

Comments

UHT (Ultra High
Temperature)
processing (135-
150°C/1-10s)

Drinking milk with
long shelf-life at
ambient tempera-
ture

All non-spore-form-
ing bacteria and

all spores except
highly heat-resistant
spores; produces
“commercially ster-
ile” product

Smaller effects with
direct than with
indirect heating sys-
tems; high level of
whey protein dena-
turation (70 —95%
of B-lactoglobulin);
epimerization of
lactose to lactulose,
lactosylation of
lysine residues; for-
mation of sulfhydryl
compounds

Produces mild heated/
cooked/ sulfurous flavour;
further chemical changes
occur during storage; mar-
ket share varies between
countries from < 10% to
>90% of drinking milk con-
sumption.

In-container
sterilisation (110-
120°C/10-20 min or
125°C/5 min)

Evaporated /con-
densed milk, drink-
ing milk with long
shelf-life at ambient
temperature

Destroys all non-
spore-forming
bacteria and all
spores except highly
heat-resistant ones

Complete dena-
turation of whey
proteins, extensive
Maillard reaction

; production of
heated-flavour com-
pounds

Causes strong cooked
flavour and light brown
discolouration; now used
for some flavoured mik
products

90-95°C/5-10 min

Yogurt manufacture

Most non-spore-
forming bacteria

Almost total dena-
turation of whey
proteins (WP)

Causes increased viscosity
of yogurt through for-
mation of WP-k-casein
complexes and enhanced
water binding capacity

72-80°C/15-30's)

Low-heat skim milk
powder (SMP)

Non-spore-forming
pathogens and psy-
chrotrophic spoil-
age bacteria

As for pasteuriza-
tion; little whey pro-
tein denaturation
-WPNI1 > 6.0 g/L

Product used for recom-
bined milk, milk, standard-
isation, cheese manufac-
ture

85°C/1 min;
90°C/30's; 105°C/30
s

Medium-heat SMP.

Pre-heating in UHT
processing

Whole milk pow-
der.

Non-spore-forming
pathogens and psy-
chrotrophic spoil-
age bacteria

Moderate to sub-
stantial whey pro-
tein denaturation
-WPNI 1.5-6.0 g/L;
inactivation of plas-
min;

Exposure of some
sulfhydryl groups
and formation of
some sulfhydryl
compounds which
act as antioxidants
in whole milk pow-
der

Product used for ice-
cream, chocolate, confec-
tionery

Decreases fouling of UHT
plants and reduces plas-
min-catalysed proteolysis
during storage

Improves storage stability
of whole milk powder
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Heat treatments Applications Bacteria destroyed | Significant chemical | Comments
(Temperature-time effects
conditions)
90°C/ 5 min; High-heat SMP Non-spore-forming | Extensive whey pro- | Product used for recom-
120°C/1 min; pathogens, psychro- | tein denaturation bined evaporated milk
135°C/30s trophic spoilage - WPNI < 1.5/L;
bacteria and most
spores at the most
severe conditions
>120°C/>40 s High-high-heat or Non-spore-forming | Almost complete Product used for bakery
high-heat-high-sta- | pathogens, psychro- | denaturation of products and recombined
ble SMP trophic spoilage whey proteins - evaporated milk
bacteria and most | WPNI<<1.5g/L
spores

! WPNI = whey proteins denaturation index; indicates level of undenatured whey protein and used to categorise skim milk powders
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