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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 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

Acid Foods

Acidified

Low-Acid Food

Acidified Food

Acidulant

Aciduric

Aerobes

Aerobic

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

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).

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.

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 ) greater than 0.85.

An acidifying agent, such as acetic acid or
vinegar.

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

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

Living or active only in the presence of
free oxygen.
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Anaerobes

Anaerobic

Anti-Microbial

Antioxidants

Aseptic
Processing and
Packaging

Asepsis

Autoclave

Bacillus

Bacillus Cereus

Bactericide

Bentonite

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.

Living or active in the absence of free
oxygen.

A compound which inhibits the growth of a
microbe.

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

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.

Clean and free of micro-organisms.

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.

A rod-shaped bacterium. Some Bacillus
produce spores.

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.

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

Colloidal clay used as an absorbent. Also
used in model systems for determining rate of
heat penetration.
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Biodegradability

Biological Oxygen

Demand (BOD)

Blanching

Body Hook

Body Maker

Boiler Scale

Botulism

Break-Point
Chlorination

Brines

Susceptibility of a chemical compound to
depolymerization by the action of biologi-
cal agents.

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.

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.

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

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.

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

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.

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.

Salt solutions used
pickling.

in canning and



xxiv  Glossary of Terms

Brix

Broken Heating
Curve

Broth Medium

Browning
Reaction

Buffer

Canned Food

Carbohydrates

Carcinogen

Cation

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.

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.

A liquid medium for growth of micro-
organisms.

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.

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

Commercially sterile food in hermetically
sealed containers.

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.

A cancer causing agent.

Positively charged ion such as K*, NH*.
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lag phase, 22, 24, 132

laminates for packaging, 265,
288, 294

land use change, 334

latent heat, 145, 146, 200, 201

Leeuwenhoek, Antoine van, 2, 3

lifecycle assessment (LCA),
329-332, 334, 335

lifecycle impact assessment
(LCIA), 331, 334

Lister, Joseph, 6, 7

Listeria spp., 37-39, 58, 71, 84,
89, 104, 219

log phase for microorganism
growth, 22, 132

log reduction, 74, 78-81, 88, 90,
104, 105, 122, 142, 176,
218, 219, 222-229, 305

method, 81, 199, 219, 223-225

longitudinal agitation, 157

low acid food, 14, 36, 44, 56,
69-81, 83-86, 107,
116-118, 122-127, 225,
308, 316

low care environment, 132, 142

lysozyme, 28, 134, 135

master temperature indicator
(MTD), 195, 197, 324

maximum velocity, pipe flow,
162-164

mean velocity, pipe flow,
162-164

membrane filtration, 242,
249, 250

mercury-in-glass thermometer, 324

mesophilic organisms, 117,
308, 309

metabiosis, 72

metabisulphite, 65, 276

microbial load, 55, 89, 316, 319

microwave processing, 66,
170, 171

mortality phase with
microorganisms, 132

multi-tube heat exchanger,
165-167
mycotoxin, 18-20, 34, 35

Neosartorya spp., 40, 91, 309
nesting of cans, 154, 220
Newtonian fluid, 161, 164, 237
nisin, 61, 65, 66
nitrite, 45, 54, 61, 65, 106, 318
non-Newtonian fluid, 161, 164
numerical calculations, 10,
231,233
numerical program, 10, 234, 236
nutrients for microorganism
growth, 23, 26, 109
nylon-6, 288, 291

ohmic heating, 170, 171
organic acids, 20, 28, 36, 57, 62,
63, 90
organosol, 269, 273
osmophilic organisms, 26,
102, 317
overpressure in processing, 144,
151, 153-157, 210, 253,
287, 290, 294, 296
oxidation, 27, 29, 99, 176
oxidation deterioration, 57,
66, 321
oxygen barrier, 140, 290, 291
ozone, 242, 247-249

pack deflection, 144, 145

particulate, 161, 167-171, 207,
209, 234-239

particulate integrity, 161, 286

PAS 2050, 330, 332, 335, 336,
339, 340

Pasteur, Louis, 46

pasteurisation, 54, 81, 85-88, 91,
98, 104-106, 118-120, 129,
293, 340

Patulin, 19, 20

peach, 40, 41, 85, 93, 96, 179

peaking of cans, 279-280



350

Index

pear, 85, 94, 96, 121, 316
Penicillium spp., 19, 20, 35, 87,
104, 121
phosphate buffer, 40, 73, 75, 79,
134, 136
pickling, 24, 55, 56
pigging system, 169
pigment, 47, 100, 173, 178,
179, 270
pillow pouch, 292
pineapple, 85, 96, 99, 179
plastic tray, 144, 171, 306
platinum resistance thermometer,
197, 324
polyamide, 288, 291
polyester, 270, 288, 291
polyethylene, 270, 272, 288, 291
polyethylene terephthalate (PET),
270, 288, 291
polypropylene, 206, 211, 270,
288, 290, 293, 337
polyvinylidene chloride
(PVDO), 291
potable water, 241, 242, 315
pre-cooling of retorts, 116, 118
Prescott, Samuel Cate, 67
preserves, 60, 67, 101
pressure cooling of retorts,
156, 157
probability of a non-sterile unit
(PSNU), 32
process
deviation, 209, 217, 234,
251-264, 299, 325
optimisation, 173-193
scheduled, 97, 109, 118, 217,
228,231, 251-253, 256,
264, 315
value, 120, 174, 180, 195, 198,
218,219, 223, 224
product
initial temperature, 97, 189,
223,229, 231, 251-253,
286, 320, 323
texture, 59, 84, 143, 145, 173

propionic acid, 61-63, 112, 113

proteins, 27, 62, 244, 327

Pseudomonas spp., 38, 47, 89

psychrophilic organisms, 30, 131

psychrotrophic organisms,
130-137, 141, 219

PTFE, 197, 211

Pyrococcus furiosus, 227

quality of product, 12, 13, 33, 53,
98, 100, 160, 183, 188-193,
208, 251, 290

ready meal, 129, 133, 137, 140,
142, 144-147, 294, 341
recontamination of packaged
foods, 47, 69, 70, 76,
104, 309
redox potential, 23, 27, 28
reference temperature, 77, 78,
86,90, 117, 176, 223, 224,
228, 235
rehydration of products, 220,
318, 319
remote loggers, 195
REPFEDS, 130, 142
residence time distribution, 161
resistance temperature detectors
(RTDs), 197
retort type
condensing steam, 151-153,
157,159, 210
continuous, 153, 158, 260
crateless, 153, 154
hydrostatic, 13, 158-160, 260
raining water, 13, 98, 124, 221
reel and spiral, 158, 159, 205,
260, 261, 300
steam/air, 144, 157, 212, 214,
221,257,323
water cascade, 155, 156, 210,
212,214, 323
water immersion, 154, 155,
196, 210, 212, 214, 221,
230, 323
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water spray, 155, 156, 159,
210, 214, 287, 323
rheological properties, 161,
236, 260
Rhizopus spp., 34, 92
Rhodotorula spp., 35, 38

Saccharomyces spp., 35, 38,
89, 104
Salmonella spp., 37-39, 46, 58,
63,71, 89, 104, 133, 303
sampling plans for incubation, 307
seals in packages
integrity, 286, 293, 300
tear down method, 278
testing methods, 310
semi-rigid containers, 220, 289,
294, 306
sensible heat, 147, 200
shear rate, 164, 260
shear thinning fluid, 161
shelf-life of products, 24, 56, 99,
129, 130, 137, 142, 265,
267, 268, 273, 290
silica oxide barrier material,
292, 293
simple heating product, 213,
222,258
slowest heating point, 116,
151, 152, 190, 203, 217,
221,222
sorbic acid, 61, 62, 112, 113
sous-vide products, 130
spoilage organisms, 21, 35, 36,
49, 57,70, 74,75, 78-87,
93-95, 102, 109, 137,
300-309, 314, 317
spoilage types
gross, 301
incipient, 301, 302
leaker, 47-49, 242, 299,
301, 308
thermophilic, 34, 63, 301, 304,
305, 308, 309
spore germination, 91, 304

stand-up pouch (SUP), 293
Staphylococcus aureus, 38, 46,
58,104, 302
starch gelatinization, 208,
209, 259
stationary phase in microorganism
growth, 132
steam injection, 155, 196
sterilisation, 71-75, 78, 85,
158-160, 170-182, 308
stress corrosion cracking, 281
sulphide staining of cans,
268, 270
sulphite preservative, 54, 276

Talaromyces spp., 40, 91
tamper evidence, 285
temperature
coefficient, 174
distribution, 13, 156, 195-214,
256, 287
sensors, 175, 197, 198, 212,
219, 223, 235
terminal death time, 72
thermal centre of containers, 196,
221,319
thermal process authority, 213,
214,221, 222,252, 255
thermistor, 197
thermophilic organism, 43, 131,
227, 280, 301, 304, 305,
308, 309
thermophilic spoilage, 280, 301,
304, 305, 308, 309
thiamine, 177, 180, 182-184
time—temperature integrators
(TTIs), 227, 235
tin free steel (TES), 267, 268, 284
tinplate, 99, 267-270, 273-276, 292
tomato, 3842, 85, 87, 89, 96,
119, 121, 138, 139, 163,
177,179, 316
toxic equivalency potentials, 332
transitional region (for flow), 162
trapezoidal method, 228
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UHT, 40, 160, 169
ultraviolet light, 34, 242, 248
under-processing of containers,
301, 303, 304
Underwood, William
Lyman, 8

vacuum in cans, 220, 242, 287,
321, 332

velocity profile, 162, 164, 237

venting, 144, 153, 157, 159,
252, 280

vent schedule, 221, 324

viscoelastic properties, 164

viscous products, 162

vitamins, 26, 176, 178, 185

water activity, 25, 26, 29, 35, 44,
53-55, 58-62, 69, 70, 83,
91, 101-109, 120, 317

worst case conditions, product,
189, 190, 219-221, 251

xerophiles, 26, 90, 102, 317

yield stress, 164, 167
yield value, 164, 166

z-value, 32, 33, 3740, 43, 75,
88, 89, 117, 122, 134, 136,
176-180, 183, 224

Zygosaccharomyces spp., 35, 37,
38, 89, 104



