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Abstract

Heat treatment is a fundamental processing technology in the dairy industry. The main
purpose of heat treatment is to destroy pathogenic and spoilage promoting microorganisms
to ensure milk safety and shelf life. Despite the development of alternative technologies,
such as high-pressure processing and pulse field technology for microbial destruction, heat
treatment is widely used in the dairy industry and in other food processes to destroy
microorganisms. Heat treatment has contributed greatly to the success of food preservation
since Pasteur’s early discovery that heat treatment of wine and beer could prevent their
deterioration, and since the introduction of milk pasteurization in the 1890s. In Korea, food
labeling standards do not stratify heat treatments into low temperature, high temperature,
and ultra-high temperature methods. Most milk is produced in Korea by pasteurization,
with extended shelf life (ESL : 125- - 140°C / 1-10 s). Classification based on temperature
(i.e. low, high, and ultra-high), is meaningless.
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Fig. 1. Webpage of Codex Alimentarius Commission (https://www.fao.org/fac-who-codexalimentaius/en/).
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A pasteurization-ESL), Z1-2(UHT) A5 3402 FESI9 T, UHT 342 Hak-qof =5
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R 5G] A Hr= gHHd AAAg(whey protein nitrogen index, WPNI), E=
Sk WAAS(whey protein denaturation index)® €& AGE I 37 E FES
T A=t EAER g9 WAEA gl dob Q= A A I vlgE Uehdth
Low-heat BAE-R9] Z-20ll= 72C-80TolA 153029 A2 274 AR5, Medium-heat
A B ARER9] Holl= 85T 6%, 90T 30 ¥ 105T 30z 59 A 70| Ak8H
t}. High-heat BAE-9+= 95T 58, 120C 18, 135T 30% 59 A 70| ARLEH Atk
(Table 3).

Table 1. Categorized conditions of milk heat treatments

Food code in Korea" IDF fact sheet
Low temperature long time Thermisation (57C-68T/5 s-30 min)
(63C-65T, 30 min) Pasteurisation (72C-80T/15-30 s)
High temperature short time Pasteurised with extended shelf life (ESL) processing
(72C-75TC 15-20 sec) (125C-140TC/1-10 s)
Ultra high temperature Ultra high temperature (UHT) processing (135C-150C/1-10 s)
(130T-150T, 0.5-5 sec) In-container sterilisation (110C-120/10-20 min or 125T/5 min)

90TC-95C/5-10 min
72C-80C/15-30 s

85C/1 min; 90T /30 s; 105C/30s
90T/5 min; 120C/1 min; 135TC/30 s
>120C>40 s

Ministry of Food and Drug Safety in Korea.
Adopted from Ministry of Food and Drug Safety with CC-BY [1] and Deeth & Smithers with CC-BY [4].
ESL, extended shelf life.
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Table 2. Heat treatments of milk used in the dairy industry

Heat treatments

Applications

Bacteria destroyed

Significant chemical

Comments

(temperature — time effects
conditions)
Thermisation Extending shelf-life of raw Some non-spore-forming Little effect Product may not be

(57C-68T /5 s-30 min)

milk prior to further
processing manufacture of
some cheeses.

pathogens and
psychrotrophic spoilage
bacteria.

phosphatase-negative; not
suitable for drinking milk as
some pathogens may
remain viable.

Pasteurisation
(72C-80TC/15-30 s)

Drinking milk

Cheese manufacture

Non-spore-forming
pathogens and
psychrotrophic spoilage
bacteria; not spores or
thermoduric vegetative
bacteria.

Small effect on vitamins,
~5% whey protein
denaturation, inactivation
lipase.

Product must be
phosphatase-negative;
standard minimum
conditions in most
countries are usually
72TN15 s.

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

Pasteurised with Extended
shelf life (ESL) processing
(125T-140TC/1-10 s)

Drinking milk with ESL at
refrigeration temperature.

All' non-spore-forming
bacteria and most psychro-
trophic and mesophilic
spores.

Depends on actual heat
treatment conditions.
Significant but variable
denaturation of whey
proteins (25%-85% of
B-lactoglobulin).

No standard heat
processing conditions.
Inactivates lactoperoxidase
(sometimes used as a test
for adequacy of ESL heat
treatment).

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

ESL milk is also produced
using microfiltration, usually
combined with a final
(thermal) pasteurisation
step.

Ultra high temperature
(UHT) processing
(135C-150C/1-10 s)

Drinking milk with long
shelf-life at ambient
temperature

All' non-spore-forming
bacteria and all spores
except highly heat-resistant
spores; produces
‘commercially sterile”

Smaller effects with
direct than with indirect

heating systems; high level

of whey protein

denaturation (70%-95% of

Produces mild heated/
cooked/sulfurous flavour;
further chemical changes
occur during storage;
market share varies

product B-lactoglobulin); between countries from
epimerization of lactose to <10% to >90% of drinking
lactulose, lactosylation of ~ milk consumption.
lysine residues; formation
of sulfhydryl compounds
In-container Evaporated /condensed Destroys all Complete denaturation of  Causes strong cooked
sterilisation milk, drinking milk with long non-spore-forming bacteria ~ whey proteins, extensive  flavour and light brown

(110 -120T/10-20 min
or 125C/5 min)

shelf-life at ambient
temperature

and all spores except
highly heat-resistant ones

Maillard reaction ;
production of

heated-flavour compounds.

discolouration; now used
for some flavoured mik
products.

Adopted from Deeth & Smithers with CC-BY [4].

ESL, extended shelf life.
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Table 3. Heat treatments of other dairy products used in the dairy industry

Comments

Heat treatments Applications Bacteria destroyed Significant chemical
(Temperature —time effects
conditions)
90C-95C/5-10 min Yogurt manufacture Most non-spore-forming Almost total denaturation of
bacteria whey

proteins (WP)

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

72C-80C/15-30 s) Low-heat skim milk

powder (SMP)

Non-spore-forming
pathogens and
psychrotrophic spoil-age
bacteria

- WPNI>6.0 g/L

As for pasteurization; littlle
whey protein denaturation

Product used for
recombined milk, milk,
standard-isation, cheese
manufacture

85C/1 min; Medium-heat SMP.
90C/30 s; 105T/30 s Pre-heating in UHT

Non-spore-forming
pathogens and

Moderate to substantial
whey protein denaturation
processing psy-chrotrophic spoil-age - WPNI 1.5-6.0 g/L;

Product used for
ice-cream, chocolate,
confectionery Decreases

Whole milk powder. bacteria inactivation of plasmin;  fouling of UHT plants and
Exposure of some reduces plasmin-catalysed
sulthydryl groups and proteolysis during storage
formation of some
sulfhydryl compounds Improves storage stability
which act as antioxidants of whole milk powder
in whole milk powder
90C/5 min; High-heat SMP Non-spore-forming Extensive whey protein Product used for
120C/1 min; pathogens, psychro-trophic  denaturation recombined evaporated
135C/30 s spoilage bacteria and most - WPNI<1.5/L milk
spores at the most severe
conditions

>120C/>40 s High-high-heat or Non-spore-forming Almost complete

high-heat-high-stable SMP  pathogens, psychrotrophic ~ denaturation of whey
spoilage bacteria and most proteins - WPNI<<1.5 g/L

spores

Product used for bakery
products and recombined
evaporated milk

Adopted from Deeth & Smithers with CC-BY [4].

WPNI, whey protein denaturation index; indicates level of undenatured whey protein and used to categorize skim milk powders; UHT, ultra high

temperature.
=
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