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Preface

Essentials of Thermal Processing is written by two authors with 
many years’ experience of thermal processing practice, one 
gained in the northern hemisphere and one in the southern hemi-
sphere. This gives the book a unique appeal. It covers all aspects 
of thermal processing from its beginnings in 1795 with Nicolas 
Appert through to modern day computer-controlled processing 
systems and electronic data capture. The intention was to write a 
book of practical use to students studying food science and tech-
nology as well as for their lecturers, individuals in companies, and 
research centres that have a need to understand thermal process-
ing principles.

In this second edition, we have tried to expand on the informa-
tion given so that this book is the one stop, single text required to 
assist with all thermal processing queries. The second edition 
starts with the history of thermal processing, from the prize-win-
ning invention in the Napoleonic era, and describes many of the 
developments that resulted in the precise science that we know 
today. The next chapter covers basic microbiological principles 
that govern microbial growth and death. Detail about microorgan-
isms of particular interest to thermal processing specialists is 
given as well as information about solving spoilage problems. The 
third chapter is dedicated to the hurdles to the growth of microor-
ganisms so that the reader gains a thorough understanding of how 
to ensure a safe product.

The next chapters take the reader through the different food 
categories that present their unique challenges for thermal pro-
cessing. This includes the traditional sector of low acid foods in 
which the familiar F

0
3 concept was derived from heat resistance 

studies originally undertaken by Esty and Meyer in 1922. Low 
acid foods are a group of foods that do not contain any preserva-
tion hurdles to microorganism growth and rely on the heat process 
to control microorganism numbers in the food and a hermetically 
sealed package to prevent recontamination. Chapters 5 and 6 are 
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on acid and acidified foods. The chapters are separated to describe 
the different principles and the types of thermal processes that 
are applied. In the acid foods chapter, information is included 
about other products that can be pasteurized. The last of the 
chapters that deals with a specific food group is on heat preserved 
chilled foods, which is one of the most rapidly growing sectors in 
Europe. This includes the ready meal concept and ready-to-eat 
meat, fish, and poultry products. Shelf-life requires refrigerated 
storage and is typically up to 10 days when a very mild process is 
used or it can be extended beyond this with more severe thermal 
treatments.

Chapter  8 describes processing methods that can be used for 
manufacturing heat preserved foods. It is divided into in-pack or 
in-line systems, often known as retorts and continuous systems. 
The focus of this chapter is the operating principles of the different 
designs. The main types of retort are described, for example steam, 
steam-air, water immersion, raining, and sprayed water, also 
included are the in-pack continuous retorts such as hydrostatic and 
reel and spiral cooker–cooler systems. Equipment choice for a con-
tinuous or in-line system depends mostly on the food viscosity and 
whether the flow behaviour is laminar or turbulent.

Thermal processing of foods has a dual purpose, which is to 
commercially sterilize the product and to cook it to an accepta-
ble level. The chapter on cooking and process optimization 
addresses the challenges of maximizing a specific quality attrib-
ute without damaging the thermal processing effect on microbial 
reduction. Examples are given on the different quality parame-
ters appropriate to heat preserved foods and how these can be 
mathematically analysed with the aim of adjusting processes so 
that maximum quantities of a nutrient, such as a vitamin, are 
retained.

Techniques for establishing and validating thermal processes 
are described in two chapters. Temperature and heat transfer are 
explained and process calculation methods are discussed. 
Measurement techniques for in-pack processes include tempera-
ture sensors of various types and log reduction methods that can 
be either microbiological or biochemical. Process calculation 
techniques are introduced, which allow process conditions to be 
calculated from the temperature measurements and analysis of 
deviations to be carried out. Differences in the techniques required 
for batch (in-pack) and continuous (in-flow) heat processes are 
described.
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Chapter  12 discusses cooling water; almost all types of 
microorganisms can be found in water, and water is most often 
the vehicle of transmission for these organisms. Poor quality 
cooling water or inadequate cooling is arguably the most sig-
nificant causes of public health issues from canned foods in the 
last century. Examples of spoilage incidents caused by cooling 
issues are dealt with in several chapters, and so, this chapter 
solely describes the different methods of disinfecting cooling 
water.

Despite the best efforts to control all aspects of a thermal pro-
cessing operation, all factories will experience process deviations 
from time to time. Chapter 13 is dedicated to process deviations 
and describes methods to assess whether a process deviation has 
made a critical impact on the commercial sterility or safety of a 
product. Methods to assess a deviation are many and include cal-
culation methods as well as experimentally recreating the devia-
tion using retort simulators.

Packaging of the product also demanded its own chapter. 
Understanding packaging options and the way they work together 
with the product is critical to the success of any food packaging 
system. The functions of packaging are to contain, protect, pre-
serve, portion, inform, promote, and make foods portable. 
Packaging options for thermally processed foods are many and 
include metal (mainly tinplate, but some aluminium), glass, car-
tons, and specific plastics (laminates and composites). Primary 
packaging must be able to hold a hermetic seal, withstand the pro-
cess temperature, provide a physical barrier, withstand the physi-
cal stresses during processing, transport, storage, and distribution, 
and must not react adversely with the food.

Incubation of processed packs is commonplace in the food 
industry; however, a variety of incubation practices occurs, which 
suggests that there is no standardized approach. Chapter  15 
describes the objectives of incubation together with some recom-
mendations for times and temperatures that different types of 
microorganism require. It includes suggestions for sample size 
and methods for interpretation of results.

The penultimate chapter is about the critical control factors 
(CCP’s) involved in thermal processing of food. HACCP (Hazard 
Analysis Critical Control Point) is a tool to assess hazards and 
establish control systems that focus on prevention rather than rely-
ing mainly on end-product testing. Examples are given of CCPs of 
relevance to thermal processing.
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The final chapter presents a different focus for thermal pro-
cessing in that it deals with environmental aspects and presents 
a positive case for thermal processing. As a technology for pre-
serving food, it can be environmentally beneficial because the 
goods are stored ambient, thus avoiding the need for refrigera-
tion, and allows agricultural products to be processed close to 
where they are grown, thus avoiding transportation emissions 
and forcing crops to grow out of season. An example of a car-
bon footprint assessment is given in this chapter for a bottled 
apple juice.

Gary Tucker
Susan Featherstone
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The authors during a practical training course session in Cape 
Town.





Glossary of Terms

Acid A substance which increases the concen-
tration of hydrogen ions (H+) in water, 
and reacts with a base to form a salt.

Acid Foods A food that has a natural pH of 4.6 or 
below (in Europe it is common to use pH 
4.5 as the upper limit).

Acidified  
Low-Acid Food

A food which has been treated so as to 
attain an equilibrium pH of 4.6 (or 4.5 in 
Europe) or lower after heat processing.

Acidified Food A low-acid food to which acid(s) or acid 
food(s) are added and which has a finished 
equilibrium pH of 4.6 or below and a 
water activity (a

w
) greater than 0.85.

Acidulant An acidifying agent, such as acetic acid or 
vinegar.

Aciduric Micro-organisms that can grow in high 
acid foods, i.e., with a pH value below 3.0. 
Generally, are of low heat resistance.

Aerobes Micro-organisms that need oxygen for 
growth. Obligate aerobes cannot survive in 
the absence of oxygen.

Aerobic Living or active only in the presence of 
free oxygen.
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Anaerobes Micro-organisms that grow in the absence 
of oxygen. Obligate anaerobes cannot sur-
vive in the presence of oxygen. Facultative 
anaerobes normally grow in oxygen, but 
can also grow in its absence.

Anaerobic Living or active in the absence of free 
oxygen.

Anti-Microbial A compound which inhibits the growth of a 
microbe.

Antioxidants Substances that retard the oxidative ran-
cidity of fats, or the oxidation of other 
substances.

Aseptic 
Processing and 
Packaging

The filling of a commercially sterile product 
into sterilised containers followed by her-
metical sealing with a sterilised closure in 
an atmosphere free from micro-organisms.

Asepsis Clean and free of micro-organisms.

Autoclave A vessel in which high temperatures can be 
reached by using high steam pressure. 
Bacteria are destroyed more readily at ele-
vated temperatures, and autoclaves are used 
to sterilize food, for example in cans.

Bacillus A rod-shaped bacterium. Some Bacillus 
produce spores.

Bacillus Cereus Spore-forming, rod-shaped bacterium, 
aerobic to facultative aerobic, proteolytic. 
It produces gastroenteritis caused by the 
release of an exo-enterotoxin during lysis 
of B. cereus in the intestinal tract.

Bactericide Any substance that destroys bacteria, 
although not necessarily the spores of 
bacteria.

Bentonite Colloidal clay used as an absorbent. Also 
used in model systems for determining rate of 
heat penetration.
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Biodegradability Susceptibility of a chemical compound to 
depolymerization by the action of biologi-
cal agents.

Biological Oxygen 
Demand (BOD)

Micro-organisms consume oxygen in their 
respiration. The BOD test determines 
uptake of oxygen by a contaminated mate-
rial, e.g., sewage, water, etc., as a measure 
of microbial activity.

Blanching Heating by direct contact with hot water or 
live steam. It softens the tissues, eliminates 
air from the tissues, destroys enzymes, and 
washes away raw flavours.

Body Hook That flange portion of the can body that is 
turned back for the formation of the dou-
ble seam.

Body Maker A machine for automatic forming of a 
cylindrical metal can or drums body from 
a body blank. In the manufacture of tin 
cans, the body maker may also automati-
cally weld the side seam.

Boiler Scale Deposit left inside boilers caused by evap-
oration of water and precipitation of 
water-soluble and insoluble substances.

Botulism A poisoning caused by substances formed 
by the bacterium Clostridium botulinum 
under conditions of improper processing 
and storage of food. The spores of this bac-
terium are often found in soil and are likely 
to be present on soil-contaminated food.

Break-Point 
Chlorination

Addition of chlorine to water beyond the 
point where chloramines are oxidized, and 
where further increases in the dosage of 
chlorine will result in a proportional 
increase of chlorine residual.

Brines Salt solutions used in canning and 
pickling.
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Brix The measure of density of a solution, more 
particularly a solution containing sucrose, 
as determined by a hydrometer. Degrees 
Brix equal Percent sucrose in water solu-
tion at 20°C.

Broken Heating 
Curve

A heating curve which shows a distinct 
change in the rate of heat transfer such that 
the curve may be represented by two or 
more distinct straight lines.

Broth Medium A liquid medium for growth of micro- 
organisms.

Browning 
Reaction

A reaction in foods, usually deteriora-
tive, involving amino (e.g., from amino 
acids or proteins) and carbonyl (e.g., 
from glucose) groups; this reaction often 
leads to a brown discolouration and 
sometimes to off-flavours and changes 
in texture.

Buffer Any substance in a fluid which tends to 
resist the change in pH (hydrogen-ion 
concentration) when acid or alkali is 
added.

Canned Food Commercially sterile food in hermetically 
sealed containers.

Carbohydrates Carbohydrates are essential food nutrients 
that can get broken down into glucose to 
be used as energy. They are comprised of 
C, H and O. Examples include starches, 
sugars and fibre. 

Carcinogen A cancer causing agent.

Cation Positively charged ion such as K+, NH
4
+.
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