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Foreword

THERMAL processing of foods is among the most basic of technolo-
gies used for their preservation. Different degrees of heat treat-

ments can be applied to foods largely depending on the preferred level 
of preservation and desired quality characteristics of the treated prod-
uct. Such heating processes have varying influences on the surviving 
microflora originally present.

This book provides a comprehensive presentation of the wide array 
of influences affecting the microbiological types of microbes of con-
cern from both public health and also spoilage perspectives in ther-
mally-treated foods. It describes the composition of heat-treated foods; 
overviews the various kinds of equipment that can be used in thermal 
food processing from the farm through the final product; discusses the 
microbial content of food products receiving thermal treatments; and 
concludes with the principles used to monitor and verify the safety of 
thermally-processed foods during processing and in their final contain-
er. Not only does this volume contain up-to-date information regard-
ing the types of microbes of interest in heat-treated foods, but it also 
provides, as a complete resource, details of the many aspects of the 
food chain and processing environment that influence the microflora of 
thermally-processed foods. This is what I find separates this book from 
the many other published treatises on heat-processed foods.

I commend the book’s authors for their efforts in developing this 
reference for those of us interested in the microbiological safety and 
quality of our foods. It will be a useful resource for educators, students, 
and food processors and regulators.

MICHAEL DOYLE
Center for Food Safety
The University of Georgia
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Preface

DURING the past decades, there have been major advances in un-
derstanding the basic role of microorganisms in food production, 

product safety improvement and shelf-life extension. Simultaneously, 
superior processing technologies have led to broadening the assortment 
of products and offering more nutritious and natural properties. Even 
traditional canned foods preserved by high temperatures have been re-
invigorated through novel formulations and packaging. Such advances 
provide one rationale for the present book, which integrates microbiol-
ogy, thermal processing and canning technology. In this context, how-
ever, microbiological aspects are given the highest priority, as a variety 
of microrganisms are related to the thermal processing of foods, i.e., 
“canning,” which is understood in a broad sense.

The subject of this book is divided into eight chapters. The first three 
chapters are a general presentation about fundamental knowledge on 
microorganisms related to the safety and quality of foods. The remain-
ing chapters describe the applied aspects of thermal food processing—
mainly canning—starting with raw materials, heat treatment, and the 
quality, stability and spoilage of products. The final section covers the 
control and monitoring of microbiological safety, including a brief 
treatment of methods of inspection and investigation.

Chapter 1 introduces the central theme of food production: the patho-
genic and spoilage microorganisms and their prevention in food. Most 
foods are perishable, and in order to prevent foodborne illness and 
food spoilage, various ways of preservation are applied. The histori-
cal development of preservation techniques is outlined (Section 1.2). 
Of the common and traditional methods of preservation, including 
salting, sugaring, cooling, freezing, drying, adding preservatives and 
(more recently) irradiation, heating is by far the most commonly used 
method for inactivation of microorganisms. Various degrees of heating 
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(e.g. boiling, frying, baking) are frequently used during food process-
ing, and the final heat treatment is made by pasteurization or steriliza-
tion. Using heat preservation, a special and independent branch of the 
food industry, namely canning, has evolved through the years. Origi-
nally, canning referred to heat processing of products in hermetically 
sealed containers (mostly in metal canisters), and also in glass jars and 
bottles. In the meantime, many other packaging methods and materials 
have come into use, including post-production heating of pre-sterilized 
products under aseptic conditions. Heat preservation is applied beyond 
traditional canning for dairy and meat products, beverages and other 
food products. Today, the range of heat-preserved, thermally-processed 
foods has widened considerably, to a point where the concept of can-
ning covers a wide range of processes and products.

In Section 1.3, the various factors determining the life and fate of 
microorganisms are summarized in the concept of microbial ecology. 
Exploitation of ecological factors provides the fundamentals for all 
food processing operations used in food manufacturing, revealing the 
sources and vectors of microbial contaminants as well as the extrin-
sic, intrinsic and implicit ecological factors controlling the growth and 
death of microorganisms.

Chapter 2 reviews the range of groups, species and types of mi-
croorganisms important in foods. Food technologists, food engineers, 
quality managers and inspectors should be acquainted with the types of 
foodborne microorganisms, at least to the degree that will enable them 
to know their properties and activities—beneficial or harmful. Beyond 
this, food microbiologists should be able to recognize (identify) those 
microorganisms commonly encountered in foods in order to evaluate 
the results of microbiological investigation from a technological point 
of view, particularly for their relevance to quality and safety. Sections 
2.1 and 2.2 will give a taxonomic outline of the main groups of bacte-
ria and fungi, respectively. The classification of relevant microorgan-
isms will be discussed for those not directly involved (or interested) 
in taxonomy. Taxonomy and classification of microorganisms develop 
rapidly, with the consequence of numerous nomenclatural changes. 
Knowledge and usage of the current and proper names can help in the 
reliable determination of the role of individual species in food manu-
facturing, spoilage or foodborne disease. This kind of knowledge will 
have significance in understanding the microbial ecology of food sys-
tems and will promote improvement of preservation methods, as well 
as increasing the quality and safety of products. Otherwise, inadequate 
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taxonomies and false nomenclature can lead to tremendous confusion 
and serious consequences. In the treatment of microbial taxons, the up-
to-date molecular classification will be followed.

Two main groups of foodborne microorganisms will be considered 
with particular attention. These are the common contaminants and 
spoilage organisms (2.3) and the foodborne pathogens of primary im-
portance for the safety of products (2.4).

In Chapter 3, the fundamentals of heat destruction of microorgan-
isms will be addressed, in which the processes of thermal treatment 
are based. Heat treatment at high temperatures is the most important 
method of preservation in the canning industry and beyond. The prac-
tice of heat preservation predates a scientific understanding of micro-
bial lethality. Today, the sterilization process rests upon solid theoretical 
fundamentals, on which the determination of heat process requirements 
can be based. This chapter will explain the rules of thermal inactivation 
of microorganisms and show how they can be extended and applied to 
novel modes of heat treatment, as well as to non-thermal preservation 
technologies (3.4).

The practice of heat preservation requires the use of dedicated equip-
ment, and Chapter 4 provides a brief overview of the equipment and 
machinery used for in-container and aseptic processing and packaging, 
including a wide variety of container types. Specialized autoclaves (re-
torts) for heat treatment under pressure, heat exhangers used mainly 
for pasteurization, and seaming machines for hermetic closing of con-
tainers will be described from a microbiological point of view, without 
entering into details of engineering and mechanics.

Food manufacturing begins with the processing of raw materials. 
The canning industry and other branches of the food industry make 
use of a diversity of raw materials, mostly of plant and animal origin, 
that are able to support microbial populations. Chapter 5 deals with the 
microbiology of raw materials derived from livestock, poultry, fish, and 
fruit and vegetable produce that are the main components of processed 
products. Also, a great variety of other materials, called auxiliary ma-
terials and additives, are used for adjusting the physical and chemical 
characteristics and sensory properties of food, increasing their nutritive 
values and often contributing to food preservation, as well. This chapter 
will also discuss the loading of potentially contaminating microorgan-
isms in raw food materials, which are loaded by different degrees of 
contaminating microorganisms.

Chapter 6 is a central part of the book, describing the unit operations 
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of food processing, starting with harvesting of fruits and vegetables and 
slaughtering of meat animals. Depending on the type of product, vari-
ous pre-treatment operations lead to the final step of heat preservation, 
which may be followed by post-process operations. The chapter shows 
how each of the individual unit operations impacts the microbiological 
state of the product, how the totality of unit operations forms a process-
ing chain, and how both can increase or decrease the microbiological 
load on the product to be preserved. Chapter 6 includes a Section (6.8) 
on cleaning and sanitary operations, which gives many examples of 
operational practices for creating a clean and hygienic manufacturing 
environment.

The second main part of the book, Chapter 7, will discuss the mi-
crobiology of canned products and other kinds of thermally processed 
foods. In recent decades, food technology has undergone a dynamic 
evolution. In responding to market needs, environmental constraints 
and changing consumer demands for more natural, nutritious and con-
venient products, the industry has developed new and more effective 
processing technologies, while continuously giving first priority to the 
safety and quality of products. As a consequence, the variety of food 
products and their manufacturing technologies has broadened and di-
versified. Canning has remained a reliable, well-proven technology; 
however, besides the traditional established forms of heat-processed 
food in containers, new ones are emerging. This chapter will discuss all 
products which receive any form of heat preservation being processed 
in every branch of the food industry.

Chapter 8, the final part, is devoted to regulatory issues and control 
management of the safety and quality of preserved foods. In the past 
several decades, substantial improvements have been made in quality 
management systems. International agencies and national governments 
have prepared and implemented principles of Good Manufacturing 
Practices for design of food production plants, processing and equip-
ments, as well as the Hazard Analysis and Crirical Control Point system 
for process control and monitoring. These topics will be discussed in 
the first sections of this chapter. 

Routine testing and continuous monitoring of the entire food pro-
cessing chain are essential parts of an effective quality assurance plan. 
Tracking sources of microbial contamination and routes of post-process 
spoilage have been a concern for assuring the safety and shelf life of 
food preserved through commercial processing. Isolation and identifi-
cation of the causative agent of spoilage is an integral part of the inves-
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tigation process. The traditional cultivation methods for the testing of 
microorganisms in foods are well established; however, they are time-
consuming, and provide results that are both late and post-problem. Re-
cent advances in the development of molecular identification and typ-
ing methods provide tools that allow more reliable, accurate and more 
rapid determination of causes of failures in manufacturing processes. 
The closing section of this chapter provides an overview of the novel 
instrumental, automatized and molecular methods relevant to the food 
preservation industry.

Our endeavor through these eight chapters has been to provide com-
prehensive information and explanations for the success of processing 
in producing high quality and safe food products preserved for long 
periods of time without spoilage. It is our sincere hope that the final re-
sult will benefit both food technologists and food microbiologists alike.
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CHAPTER 1

Introduction 

CHAPTER 1 introduces the general theme of food production, as well 
as pathogenic and spoilage microorganisms and their prevention 

in food. Most foods are perishable, and in order to prevent foodborne 
illness and food spoilage, various modes of preservation are applied. 
Heating is by far the most commonly used method for inactivation of 
microorganisms. The historical development of preservation techniques 
is outlined in Section 1.2. Various factors determining the life and fate 
of microorganisms are summarized in the concept of microbial ecology, 
which is detailed in Section 1.3. The presentation of microbial ecolo-
gies reveals the sources and vectors of microbial contaminants, and 
the extrinsic, intrinsic and implicit ecological factors controlling the 
growth and death of multiple pathogens. 

1.1  PATHOGENIC AND SPOILAGE MICROORGANISMS 
AND THEIR PREVENTION IN FOOD

Nutrition is needed to maintain life—not only for human beings, but 
for microorganisms alike. It is an unfortunate coincidence that certain 
microorganisms, while feeding on human food, may cause diseases 
when co-ingested with what we eat. These microorganisms threaten hu-
man health and induce food spoilage. Globally, 15–25% of food pro-
duced is lost, mainly due to microbial spoilage. Also, each year 1.5–2.0 
million people die from diarrheal disease; a great proportion of these 
cases can be attributed to contamination of food and drinking water by 
microorganisms (including viruses and parasites).
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Compared to the importance of—and interest in—food safety, re-
lated problems of food spoilage have faded into the background. This 
happened despite the considerable technical advances made in the pro-
cessing, formulation, and packaging of food and in the development of 
new techniques of food preservation. Although it is generally known 
that a substantial ratio of food loss is due to microbiological spoilage, 
exact figures on its effects either nationwide or globally are missing. 
The WHO estimates that in developing countries, more than 10% of 
cereals and legumes, and as much as 50% of vegetables and fruits, are 
lost to microbiological spoilage, in which fungi play the most important 
role. It is also known that substantial postharvest losses occur world-
wide; however, they are attributed more to insects and rodents than 
microorganisms. The Economic Research Service of the United States 
Department of Agriculture (USDA) has presented some estimates in 
percentages about losses in the United States’ food supply from produc-
tion to consumption (ERS/USDA 2005). Losses may be due to damage 
by insects and rodents, microbiological spoilage, chemical and physical 
spoilage during transportation, substandard storage, poor home prepa-
ration and waste (Table 1.1). The produced weight (pounds/capita/year) 
refers to the amount of processed food; the consumed weight is the 
amount actually eaten; the difference is expressed in percent as loss.

TABLE 1.1.  Percent Loss of the United States’ Food Supply from 
Production to Consumption.

Food

Data (pounds/capita/year 2003)

Produced Consumed  Percent Loss

Meat products
Red meat 161 68 58
Poultry 113 41 64
Fish 16 11 31

Grains and cereal 194 136 30
Dairy products 194 137 30
Fruits

Fresh 127 53 58
Canned 17 11 33

Vegetables
Fresh 196 86 56
Canned 101 40 60

Data from Economic Research Service/USDA 2005 (1 Feb.).
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The average loss for all foods is about 40%, which may be an un-
derestimate of the actual figure. On the other hand, the amount not 
consumed does not necessarily refer to spoilage loss. For example, al-
though only 40 pounds/capita/year was consumed from the 101 pounds 
of canned vegetables that were produced, the roughly 60 lbs. difference 
is counted as a loss. However, it can be surmised that part of the 60 un-
consumed pounds is still available for consumption in subsequent years 
and is not spoiled, since canned products have a long shelf-life. From 
these data, it is not possible to estimate which proportion of the food 
losses has actually been caused by microbiological spoilage. 

A recent book compiled by Sperber and Doyle (2009) gives an ex-
cellent overview of the wide possibilities of microbiological spoilage 
of both perishable and preserved foods, leaving no doubt that foods 
are spoiled mostly through the action of microorganisms. In order to 
prevent foodborne illness and spoilage, food preservation is applied 
worldwide. The major objective of food processing, storage and pres-
ervation is to provide a continuous supply of food products year-round, 
independently of agricultural growing seasons. In addition, food pro-
cessing aims to maintain an acceptable quality of food and to provide 
nutritional variety and value-added products. Beyond all these, how-
ever, the main goal of food technology remains to make food as safe 
as possible, whether fresh or processed. Most foods are perishable, and 
deterioration is caused by inanimate physical and chemical factors as 
well as living organisms, of which microbiological effects are the lead-
ing cause (Desai, 2000; Hui, 2006). Hence, food preservation can be 
achieved by methods for the inhibition and inactivation of microbes, or 
preventing recontamination after processing and during storage (Figure 
1.1). In addition to slowing down the growth of microorganisms and/or 
killing pathogenic and spoilage organisms, preservation methods inac-
tivate enzymes and retard deterioration of food constituents.

Traditionally, food preservation is accomplished by well-proven 
technologies, such as heating, drying, salting, cooling and even fermen-
tation by microorganisms. New technologies are being added, including 
irradiation, high pressure, microwave and others. 

In order to fulfill consumer demands, new products are being devel-
oped that are less processed, fresher, and more nutritious. Production of 
these emerging food items requires more effective control procedures 
and regulations for food safety. These measures also help to protect 
product quality, extend shelf-life and reduce spoilage. In the 1970s, the 
implementation of Good Manufacturing and Hygienic Practices (GMP, 

Pathogenic and Spoilage Microorganisms and Their Prevention in Food
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GHP) resulted in substantial improvements in food production and 
preservation technologies, and the development and wide acceptance of 
the Hazard Analysis Critical Control Points (HACCP) system of food 
safety management was also a significant step forward in assuring food 
quality and in reducing food spoilage (Doyle et al., 1997). 

Preservation usually involves preventing the growth of bacteria, 
fungi, and other microorganisms. Common methods of applying these 
processes include drying, freezing, vacuum-packing, canning, adding 
preservatives and more recently, irradiation. Other methods that not 
only help to preserve food, but also add flavor, include pickling, salt-
ing, smoking, and curing. Some preservation methods, such as canning, 
require the food to be sealed after treatment to prevent recontamina-
tion with microbes, such as filling and sealing into metal containers 
before heat treatments. As mentioned above, heating is by far the most 
commonly used method for preservation. Various levels of, and strate-
gies for, heating are used during processing, and the final heat treat-
ment is often pasteurization or sterilization. The canning industry has 
an outstanding record of success in preservation, considering the bil-
lions of cans, jars, packets, and pouches produced annually. It is the 
safest process of food preservation, assuring a very long shelf life—
up to two years or longer. Heat processing will destroy most micro-
organisms, although some spore-forming bacteria are resistant to heat 
and may survive heating. The history of canning gives evidence of the 
often-fatal cases caused by the toxins produced by the spore-forming 
bacillus, Clostridium botulinum. In the 1920s, canning procedures were 
improved to kill the vast majority of C. botulinum spores that might 
occur (one survivor in 1012 spores), and the incidence of foodborne 
botulism decreased drastically. Still, in the U.S., about 10 to 30 cases 

FIGURE 1.1.  Methods of food preservation.
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of foodborne botulism are reported every year (CDC 1996), although 
of these only 4% can be attributed to commercially-canned products, 
with the majority of cases involving home-canned food and restaurant-
associated outbreaks (Shapiro et al., 1998).

The nutritional and other quality attributes, like the microbiologi-
cal and sensory properties of the product, are essential factors in the 
canning industry, and therefore improving conventional heating pro-
cesses and sterilizing methods are of great interest to the canning sec-
tor. A main reason for this is to minimize the destructive influence of 
heat on valuable food components (Durance, 1997). The need for en-
hancing microbial safety and quality via heating without compromis-
ing the nutritional, functional and sensory characteristics of food has 
created an interest in low-temperature, innovative processes for food 
preservation. In contrast to the traditional thermal methods, emerging 
low-temperature technologies are predominantly reliant on physical 
processes, including high-pressure processing, electro-heating (radio 
frequency, microwave and ohmic heating), pulsed electric fields, ul-
trasound, microfiltration and low-temperature plasmas that inactivate 
microorganisms at ambient or moderately elevated temperatures and 
short treatment times (Fellows, 2000). Despite promising lab-scale re-
sults, however, each process must be capable of operating in a factory 
environment, a limiting factor for the general use of many of these al-
ternative sterilizing processes (see Sections 3.3 and 3.4). 

Traditional canning denotes the heat processing of products in her-
metically sealed containers. In the strict sense, “can” (short for ’’canis-
ter”) refers to a metal container, but since the beginning, canned prod-
ucts were packaged in glass jars and bottles, and later also in plastic 
pouches, laminated boxes and various other heat-resistant materials. 
Moreover, since the development of aseptic technology—filling the 
pre-sterilized product into containers sterilized by radiation and/or 
chemicals—methods of preservation for canned foods have become 
considerably different from those in conventional canning. In addition 
to traditional canned products, several branches of the food industry 
apply heating (sterilization or pasteurization) and other means of pres-
ervation to dairy products, beverages, and beer and wine—foods which 
are not normally considered canned products. If we add the recently-
developed treatments of non-thermal preservation, the range of canned 
products becomes extremely wide, and the notion of canning begins 
to become ill-defined. In this book, canned food will be defined in the 
traditional sense as thermally processed, shelf-stable products in sealed 

Pathogenic and Spoilage Microorganisms and Their Prevention in Food
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containers, regardless of the mode of heating and packaging. Brief con-
sideration will also be given to non-thermal preservation methods and 
products processed by heating and manufactured beyond the traditional 
boundaries of the canning industry.

1.2  HISTORY OF FOOD MICROBIOLOGY AND CANNING

The history and development of microbiology can be followed along 
four paths. Food production and preservation is one of these, connected 
partly to the other areas. A second path is the recognition of diseases 
and their treatment. Agricultural and industrial relations constitute the 
third line of knowledge, and the fourth (and most recent) is the explora-
tion of the molecular-genetic constituents of microbes.

Historical evidence shows that humans have practiced certain meth-
ods of food preparations for thousands of years, such as drying, salt-
ing, smoking, and pickling, which also served for preservation and 
storing of foods. Babylonians, Egyptians and other early civilizations 
fermented beer, wine, cheese and leavened bread. Although these were 
practiced effectively, they had no rationale other than the prevention of 
food spoilage, whose exact causes were not understood. Centuries later, 
still before the discovery of microorganisms, the Italian Lazzaro Spall-
anzani demonstrated that beef broth that was boiled and then sealed 
remained unspoiled. Soon after, in 1795, motivated by a tender of Na-
poleon Bonaparte offering 12,000 francs for developing a practical way 
to preserve food, a confectioner named Nicholas Appert successfully 
preserved meat placed and boiled in glass bottles (Figure 1.2). He pat-

FIGURE 1.2.  Nicolaus Appert (from wikipedia/commons).
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ented the process and this was the beginning of food preservation by 
canning. Fifty years later, Louis Pasteur demonstrated the role of mi-
crobes in food spoilage (Figure 1.3). Among other foundational work 
in microbiology, Pasteur made notable discoveries in food microbiol-
ogy. He demonstrated that different types of fermentation (i.e., lactic, 
butyric, etc.) were caused by specific types of microorganisms. He also 
found that microbes were responsible for the putrefaction of meat and 
milk, as well as for “diseases” of wine, and developed a heat process 
(pasteurization) to preserve wine. 

From the late 19th century on, discoveries of microbes implicated in 
food poisoning and food infection proceeded rapidly. In 1885, a veteri-
narian, Daniel Salmon, described a microorganism that caused gastro-
enteritis with fever when ingested in contaminated food. The bacterium 
was eventually named Salmonella. In 1896, Émile Pierre-Marie van 
Ermengem isolated the agent of sausage poisoning, and named it Clos-
tridium botulinum. It was not until 1914 when Mary Barber demon-
strated that the already-known pus bacterium, Staphylococcus aureus, 
produces a heat-resistant enterotoxin that causes food poisoning. Since 
that time, many other foodborne pathogens have been described, and 
emerging new ones are being catalogued almost constantly (see 2.4).

Meanwhile, discoveries have been made about disease-producing 
microorganisms. Although humans learned very early that spoiled food 

History of Food Microbiology and Canning

FIGURE 1.3.  Louis Pasteur (from wikimedia.org).
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can be poisonous and cause disease, they were ignorant of any microbial 
cause and prevention of it. Ancient Chinese documents warned against 
consuming sour rice and uncooked food. References about the causes 
of diseases were made in the 17th century by the Italians Francisco 
Redi and Lazzaro Spallanzani, who raised doubts about spontaneous 
generation. Antonie van Leeuwenhoek, the Dutch microscopist, had the 
first glimpse of tiny organisms in 1673. The discovery of bacteria in the 
late nineteenth century led to the idea that unsanitary conditions can 
contribute to disease. One pioneer who realized this was the Hungarian 
physician, Ignaz Semmelweiss, who in 1847 required hospital doctors 
to wash their hands before delivering babies. Louis Pasteur elucidated 
the link between microorganisms, spoilage and disease with his work 
on fermentation and pasteurization in the mid-1800s. In the 1880s, the 
German Robert Koch provided incontestable evidence for microbes 
causing disease. In the following years, the Golden Age of microbiol-
ogy, numerous pathogenic bacteria, as well as viruses and parasites, 
were discovered, among them agents of foodborne illness, and methods 
for prevention and treatment were also found.

Even before scientists uncovered the microbial causes of foodborne 
diseases, the canning industry was introducing techniques that could 
forestall the growth of pathogens in food. The 19th century was marked 
by progress in food canning. Appert’s methods, the foundation of com-
mercial canning, spread from France to England, where, in 1810, Peter 
Durand had obtained a patent covering the use of iron and tin to make 
canisters for preserving foods. John Hall and Bryan Donkin started pre-
serving foods in iron canisters. Appert’s bottles were replaced with Ma-
son’s jars, sealed by a tight cover. The most significant inventions were 
the Mason Jar in 1858 (named for its inventor, John Landis Mason), 
a glass jar with a thread at the neck that could be closed by screwing 
on a metal cap, and the Crown Cap for bottles, invented by William 
Painter in 1898. Later, instead of glass bottles, cylindrical tin canisters 
(i.e., “cans”) became widely used, having been patented by P. Durand 
in 1810. The new food preservation method reached the United States 
about 1820, and there began to grow into the most important indus-
try in the world economy. In 1821, the William Underwood Company 
in Boston introduced commercial canning in the United States. (Other 
sources claim that Robert Ayars established the first cannery in 1812 in 
New York City.) The extensive growth of commercial food production 
was greater in the United States than anywhere else. Important factors 
in the industry’s growth were the continual changes and adaptations 
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made to containers, and the machinery and the equipment used to fill 
them. Canned foods were used in famous Arctic expeditions (Parry[J1] 
in 1824, Ross in 1829, and Franklin in 1845), and commercial canner-
ies were established for supplying armies. Canning of food spread in 
Europe, too; among others, the “First Hungarian Conserving Factory” 
was founded in Csepel, Budapest in 1880 by Manfred and Berthold 
Weiss (Figure 1.4).

Canning of foods, however, did not eliminate food poisoning, and 
in some cases contributed to it. Underprocessing and poor hygiene in 
manufacturing allowed contamination of canned foods by Clostridium 
botulinum, leading to severe illness and death. In poorly handled and 
cooked mushrooms, Staphylococcus aureus also developed, which has 
a thermotolerant enterotoxin that is not always destroyed by subse-
quent canning. These and other incidents called for a more thoroughly-
performed heat treatment, and the microbiological backgrounds were 
developed by the American scientists Ball, Esty, Meyer and Bigelow 
in the 1920s (see 3.1). Since heat treatment was based on the major 
destruction of C. botulinum, the safety of canning was ensured (Ball 
and Olson, 1957).

Nowadays, the canning industry is a strong branch of food produc-
tion. During its recent history, some products have become convenient 

History of Food Microbiology and Canning

FIGURE 1.4.  The first Hungarian canning factory, 1880 (file from wikimedia commons).
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staple foods known worldwide. Examples are Hormel Food’s “SPAM” 
since 1937, Heinz catsup and Campbell’s tomato soup, baked beans, 
corned beef, Vienna sausage (frankfurter) and others, to name a few.

Simultaneously with the development of medical microbiology, 
important discoveries were made about the role of microorganisms in 
agriculture and industrial fermentation. Research done by the Russian 
Sergei Winogradsky and the Dutchman Martinus Beijerinck estab-
lished the primary role of bacteria in the recycling of elements in soil. 
In 1837, three scientists, Charles Cagniard-Latour, Theodore Schwann, 
and Friedrich Kützing, independently proposed that yeasts bring about 
alcoholic fermentation. Eduard Buchner discovered the role of enzymes 
in fermentation, and this started the development of biochemistry. From 
the beginning of the 20th century, large-scale industrial fermentation 
has produced several microbial metabolites, among them active ingre-
dients for pharmaceuticals. This reached its peak with the discovery of 
penicillin by Alexander Fleming in 1927, which helped establish the 
antibiotic industry.

Genetics and molecular biology can be considered the most recent 
disciplines of microbiology. In 1947, Joshua Lederberg and Edward L. 
Tatum discovered that bacteria reproduce sexually, opening up the new 
field of bacterial genetics. Oswald Avery, Colin McLeod and Macklin 
McCarty proved in 1944 that DNA is the genetic material, the structure 
of which was revealed in 1953 by James Watson, Francis Crick and 
Rosalind Franklin. In the following decades, numerous breakthrough 
discoveries were made, leading to the recombinant DNA technology 
that pervades all basic and applied fields of today’s microbiology and 
biotechnology. More thorough historical surveys can be found in sev-
eral sources, including Brock (1999), Beck (2000), Hartman (2001) and 
Thorne (1986).

1.3  MICROBIAL ECOLOGY OF FOODS

The metabolism, growth, activity and survival of microorganisms 
are determined by the conditions prevailing in their natural and artifi-
cial habitats, which includes raw and processed foods. A variety of abi-
otic and biotic factors exert their effects (Table 1.2). For the microbial 
cells, these factors act as stress conditions to which they must adapt, 
withstand, or die. In food microbiology, knowledge of these ecological 
factors is important in order to control (moderate and inhibit or facili-
tate and utilize) the activity of microorganisms. In particular, prevent-
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Absidia corymbifera, 55
Acetobacter, 30

aceti, 30
pasteurianum, 30
ruhlandi, 30

Achromobacter, 30, 70
xylosoxidans, 30

Acidovorax, 30, 72
avenae, 30

Acinetobacter, 15, 30, 33, 70
lwoffii, 31

Acremonium, 60
Actinobacteria, 28, 47
Actinobacteriales, 47
Actinomyces, 73
Aerococcus, 38, 44
Aeromonas, 32,70, 185

hydrophila, 189
salmonicida, 31, 32

Agaricomycotina, 53, 67
Alcaligenes, 18, 30, 70

faecalis, 30
ruhlandi, 30

Alfaproteobacteria, 29
Alicyclobacillus, 38, 39, 75

acidiphilus, 39
acidocaldarius, 39
acidoterrestris, 14, 39

Alternaria, 61
alternata, 61
tenuis, 61

Alteromonadaceae, 31
Alteromonas, 32, 70

macleodi 31
Anaerobacter, 38
Aneurinibacillus thermoaerophilus, 75
Archaea, 28
Arcobacter, 35
Arthrobacter, 15, 18, 47, 49, 50, 73

arilaitensis, 49 
Ascomycota, 52
Aspergillus, 57

candidus, 59
carbonarius, 209
clavatus, 59
flavipes, 59
flavus, 59, 97
fumigatus, 59
glaucus, 59, 84
nidulans, 23, 59
niger, 23, 57, 59
ochraceus, 59, 97
ornatus, 59
oryzae, 59
parasiticus, 57, 97
penicilloides, 59
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Aspergillus (continued)
restrictus, 59
terreus, 59
ustus, 59
versicolor, 59, 67
wentii, 59

Atopobium minutum, 44
Aureobasidium, 16, 61

Bacillaceae, 38
Bacillales, 37
Bacilli, 37
Bacillus, 18, 38, 74

anthracis, 74
cereus, 92, 184
coagulans, 265
licheniformis, 40, 75, 76, 260
sporothermodurans, 75
stearothermophilus, 74
subtilis, 23, 74
thuringiensis, 74

Bacteria, 28
Bacteroides, 36

fragilis, 36
Bacteroidetes, 28, 36
Bacteroidia, 36
Basidiomycota, 52
Basipetospora halophila, 59
Betaproteobacteria, 29
Bifidobacterium, 47, 49, 51
Blastocladiomycota, 51
Blumeria, 61
Botryotinia, 61
Botrytis, 61

cinerea, 209
Brevibacterium, 49, 73

aurantiacum, 49
casei, 49
epidermidis, 49

Brevi. linens, 49
Brevibacillus, 38, 39

brevis, 39
laterosporus, 39

Brenneria salicis, 35
Brettanomyces, 65
Brevundimonas, 29, 30, 32

diminuta, 30

Brevundimonas (continued)
vesivularis, 30

Brochothrix, 38, 41, 73
thermosphacta, 41, 184, 213 

Brucella, 29
Burkholderia, 30, 32, 70
Buttiauxela gavinae, 34
Byssochlamys, 58, 112

fulva, 58, 84
nivea, 58, 84

Candida, 64, 65, 66
guilliermondii, 209
stellata, 82, 209
tropicalias, 82
zeylanoides, 82, 185, 214

Candidaceae, 62
Caldanaerobius, 47
Calonectria, 60
Campylobacter, 19, 87

jejuni, 35, 93, 184, 212
Carnimonas significus, 31
Carnobacterium, 38, 42

divergens, 42
maltaromaticum, 42

Cedecea, 35
Cercospora, 61
Chaetomium, 60
Chaetomium globosum, 60
Chromohalobacter japonicus, 31
Chryseobacterium vrystaatense, 36, 37, 70
Chrysonilia, 60
Chrysosporium, 59
Chytridiomycota, 51
Citrobacter, 71

freundii, 34
Cladosporium, 61

herbarum, 61, 84, 209
suaveolens, 198

Clavibacter, 49
michiganensis, 49

Cobetia marima, 31
Clostridia, 37, 45
Clostridiaceae, 45
Clostridiales, 37, 45
Clostridium, 16, 18, 39, 45

acetobutylicum, 46
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Clostridium (continued)
argentinense, 90
barati, 90
botulinum, 5, 7, 9, 21, 46, 74, 78, 89, 

124, 128, 184, 222
butyricum, 45, 74, 77, 90
coccoides, 76
estertheticum, 77
frigidicarnis, 77
histolyticum, 76
nigrificans, 46
novyi, 78, 90
pasteurianum, 74, 77, 265
perfringens, 78, 91, 184
putrefaciens, 46, 77
septicum, 78
sporogenes, 46, 77, 90
tetani, 46, 78
thermocellum, 46
thermosaccharolyticum, 113, 222
tyrobutiricum, 46, 77
welchii, 91

Colletotrichum, 60
Colwellia psychrotrophica, 31
Comamonas, 30, 32, 70

composti, 30
Corynebacterium, 47, 73

glutamicum, 49
diphtheriae, 49

Cronobacter, 33
sakazakii, 33, 34, 95

Cryptococcus, 16, 19, 68
albidus, 68, 82
laurentii, 68, 82

Cryptosporidium parvum, 96, 89, 138
Curtobacterium, 49, 73

flaccumfaciens, 49
Curvularia, 61
Cyclospora cayetanensis, 86, 96
Cylindrocarpon, 60
Cytophaga hutchinsonii, 36

Debaryomyces hansenii, 82, 185
Deinococcus radiodurans, 14, 144
Dekkera, 65

anomala, 14
Delftia acidovorans, 30

Deltaproteobacteria, 29, 30, 35
Deleya aquamarina, 31
Desulfotomaculum, 46

nigrificans, 77
Deuteromycota 54
Dickeya, 35
Dikarya, 52
Dothydeomycetes, 60

Edwarsiella tarda, 34 
Entamoeba histolytica, 96
Enterococcus, 38, 45

casseliflava, 45
devriesei, 45
faecalis, 45
faecium, 45
malodorans, 45
sanguinicola, 45

Emericella nidulans, 59
Empedobacter, 37
Endomyces, 62
Endomycetales, 62
Enterobacter, 35

aerogenes, 34
agglomerans, 34
cloacae, 196
sakazakii, 33, 34

Enterobacteriaceae, 31, 33, 71
Enterococcus, 42

casseliflava, 45
devriesei, 45
faecalis, 45
faecium, 45
malodorans, 45
sanguinicola, 45

Epsilonproteobacteria, 29, 35
Erwinia, 34

amylovora, 34
carotovora, 34
chrysanthemi, 34
salicis, 34

Erysipelothrix rhuisiopathiae, 189
Erysiphe, 61
Escherichia, 33, 34, 71, 95, 184

coli, 23, 34
O157:H7, 34
VTEC, 95



Index of Taxonomic Names306

Eurotium, 59
amstelodami, 59
chevalieri, 14, 59
herbariorum, 59
repens, 59
rubrum, 59

Euascomycetes, 62
Eubacterium, 16
Eukarya, 28
Eukaryotes, 51
Eupenicillium, 58

baarnense, 268
brefeldianum, 84

Eurotiomycetes, 57
Ewingella, 34

americana, 34

Facklamia, 38
Firmicutes, 28, 37
Flavobacteria, 36, 70
Flavobacterium, 16, 18, 36

psychrophilum, 36
Flexibacter aggregans, 36
Fructobacillus, 44
Fungi, 51
Fungi imperfecti, 54
Fusarium, 60, 97

culmorum, 60
graminearum, 60
moniliforme, 60
oxysporum, 60
solani, 60
sporotrichoides, 60

Geobacillus, 38, 39
stearothermophilus, 14, 23, 39, 75, 

113, 222
Galactomyces geotrichum, 82
Gammaproteobacteria, 29, 31
Geosmithia, 58
Geotrichum candidum, 207
Giardia lambica, 89, 96
Gibberella, 60
Glomerella, 60
Glomeromycota, 52
Gluconoacetobacter hansenii, 30
Gluconobacter oxydans, 30

Hafnia alvei, 34
Halomonas alimantaria, 31
Hanseniaspora, 65, 208

uvarum, 82, 209
Helicobacter, 35, 94
Helotiales, 61
Hemiascomycetes, 62
Hydrogenophaga, 32
Hymenobacter actinosclerus, 36, 144
Hymenomycetes, 67
Hypocrea, 60

Issatchenkia, 65
orientalis, 198

Janthinobacterium lividum, 30

Kazachstania, 62, 63
exiguus, 65
unisporus, 65

Klebsiella, 33, 70
oxytoca, 34

planticola, 34
pneumoniae, 43 

Kloeckera, 65, 208
Kluyvera, 35
Kluyveromyces, 64

marxianus, 82
lactis, 82

Kocuria, 49, 50 
Kodamaea, 65
Komagataella, 65
Kregervanrija, 65
Kuraishia, 65
Kurthia, 38

Lachancea thermotolerans, 65
Lachnospiraceae, 46
Lactobacillales, 37
Lactobacillus, 38, 42, 72

acidophilus, 42
bifidus, 44
brevis, 42
buchneri, 42
casei, 42, 44, 72
catenaformis, 42
curvatus, 42
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Lactobacillus (continued)
delbrueckii, 42
fermentum, 42
fructivorans, 198
helveticus, 42
minutum, 44
plantarum, 42, 72
reuteri, 42
sakei, 42
salivarius, 42
vitulinus, 42

Lactococcus, 38, 42
lactis, 44
cremoris, 44

Lactosphaera, 38
Leuconostoc, 38, 42, 72

fallax, 44
fructosum, 44
mesenteroides, 14, 44
oenos, 44
paramesenteroides, 44

Leclercia, 35
Leminorella, 34
Leotiomycetes, 61
Listeria, 38, 41

monocytogenes, 18, 85, 94,184, 
189

Macrococcus, 38
Malassezia, 68
Megasphaera, 46
Microascus, 58
Microbacterium, 49, 73

lacticum, 49
Micrococcus, 16, 19, 38, 47, 49, 73
Microsporidia, 52
Moellerella, 34
Monascus bisporus, 59, 84
Monilia, 61

fructicola, 209
Moniliella acetobutans, 198
Monilinia, 61
Moorella, 34
Moraxella, 30, 70

osloensis, 31
Moraxellaceae, 31
Morganella morgani, 34, 187

Mucor, 55
hiemalis, 23
oligosporus, 55

Mucoromycotina, 52
Mycobacterium, 49, 73

fortuitium, 189
marinum, 189
ruber, 42
tuberculosis, 23, 275

Mycosphaerella, 61
Mycota, 51
Mycotypha, 55

Nakaseomyces, 64
Nakazawaea, 65
Naumovozyma, 62
Nectria, 60
Neocallimastigomycota, 51
Neosartorya, 112

fischeri, 59, 84
Neurospora, 60 
Nocardia, 73

Obesumbacterium proteus, 34
Oenococcus, 38, 42
Ogataea, 65
Oidium, 61
Opisthoconta, 51

Paecilomyces, 58, 60
Paenibacillus, 38, 39

macerans, 39
polymyxa, 39

Pantoea agglomerans, 35
Paralactobacillus, 38
Pasteuria, 38
Pectinatus, 46
Pectobacterium, 35

atrosepticum, 34
carotovorum, 34, 207

Pediococcus, 38
cerevisiae, 44
dextrinicus, 42, 44
halophilus, 44
uriniaquae, 44

Pedobacter piscium, 36

Index of Taxonomic Names



Index of Taxonomic Names308

Penicillium, 58
aurentiogriseum, 58
brevicompactum, 58
camemberti, 58
chrysogenum, 57
citrinum, 58
decumbens, 58
digitatum, 58, 209
expansum, 14, 58, 84, 209
griseofulvum, 58
implicatum, 58
italicum, 14, 58, 209
oxalicum, 58
purpurogenum, 58
roqueforti, 58
verrucosum, 97

Pezizomycotina, 53, 56
Phoma, 60
Photobacterium damselae, 31, 189
Pichia, 65

fermentans, 65
nakasei, 65
orientalis, 65
membranifaciens, 65, 82

Planococcus, 38
Plectomycetes, 57
Pleospora, 60
Plesiomonas shigelloides, 33, 189
Podosphaera, 61
Porphyromonas gingivalis, 36
Prevotella ruminicola, 36
Propionibacterium, 49, 50

freudenreichii, 50
Proteobacteria, 28, 29
Proteus vulgaris, 34
Pseudoalteromonas atlantica, 31
Pseudomonadaceae, 31
Pseudomonas, 15, 16, 18, 30, 31, 32, 70

acidovorans, 30, 32
aeruginosa, 32
alcaligenes, 32
cepacia, 30, 32
fluorescens, 32
fragi, 32
marginalis, 30, 195
mphtitica, 30
putida, 23, 32

Pseudomonas (continued)
putrefacies, 31, 32
solanacearum, 32
stutzeri, 32
syringae, 32
testosterini, 32
vesicularis, 30
viridiflava, 32

Pseudozyma, 68
Psychrobacter, 33, 70

alimentarius, 31
Pucciniomycotina, 53, 66

Rahnella aquatilis, 34
Ralstonia solanacearum, 30
Raoulterra planticola, 34
Rathayibacter tritici, 49
Rhizomucor pusillus, 55
Rhizopus stolonifer, 55
Rhodotorula, 16, 19, 68

glutinis, 68
minuta, 68
mucilaginosa, 68

Rhodosporidium, 82
Ruminococcaceae, 46

Saccharomyces, 62, 65
S. bayanus, 62
S. cariocanus, 62
S. cerevisiae, 23, 62, 65
S. pasteurianus, 62, 65
S. kudriavzevii, 62
S. mikatae, 62
S. paradoxus, 62 
Saccharomycetaceae, 62
Saccharomycodaceae, 65 
Saccharomycodes, 65 
Saccharomycotina, 53 
Salinivibrio siamensis, 31
Salmonella, 7, 33, 70

arizonae, 196
choleraesuis, 33
enterica, 33, 34, 93, 184

subsp. enterica serov.
Typhimurium 33

enteritidis, 85
paratyphi, 33, 93
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Salmonella (continued)
typhi, 34, 93
typhimurium, 33, 93

Sarcina, 76
Saturnispora, 65
Schizosaccharomyces, 62, 65

pombe, 23
Sclerotinia, 61
Scopulariopsis, 60
Selenomonas, 46
Septoria, 61
Serratia, 71

liquefaciens, 196
proteomaculans, 34

Shewanella, 32, 70
putrefaciens, 31, 32, 184, 213

Shigella, 33, 70
dysenteriae, 34, 95 

Sordaryomycetes, 60
Sphingobacteria, 36
Sphingobacterium, 36
Sphingomonas, 30
Sporidiobolus, 82
Sporobolomyces, 82

roseus, 68
Sporolactobacillus, 37, 38, 41
Sporosarcina, 37, 38, 41
Sporotrichum, 84
Staphylococcus, 16, 38, 41, 50, 73

aureus, 7, 9, 20, 92, 184
Stemphylium, 60
Stenotrophomonas maltophilia, 31, 33
Streptococcus, 38, 42, 72

inae, 189
pneumoniae, 44
pyogenes, 44
thermophilus, 44

Streptomyces, 15, 49

Talaromyces, 58, 112
bacillisporus, 84
flavus, 58
macrosporus, 84

Taphrinomycotina, 53
Tatumella, 34
Tenericutes, 37
Tetragenococcus, 38, 42

Tetrapisispora, 64
Thamnidium, 55

elegans, 55, 185
Thermoactinomyces, 37, 38, 41
Thermoanaerobacter, 47
Thermoanaerobacterium, 47

thermosaccharolyticum, 77
Torulaspora, 64

delbrueckii, 65, 81
Toxoplasma gondii, 184
Tremellomycetes, 67
Trichinella spiralis, 86, 184
Trichoderma, 60

harzianum, 60
viride, 60

Trichothecium, 61
Tubercularia, 60

Ulocladium, 61
Uncinula, 61
Urediniomycetes, 67
Ustilaginomycotina, 53, 66
Ustilago, 68

Vagococcus, 38, 42
Vanderwaltozyma, 64
Veillonella, 46
Vibrio, 33, 70

cholerae, 33, 95
fluviatilis, 33
marinus, 23
parahaemolyticus, 31, 33, 95, 189
vulnificus, 33, 95, 189 

Virgibacillus, 38

Wallemia, 68
Weissella, 38, 42, 44, 72
Wickerhamomyces anomala, 82

Xanthomonas, 32
campestris, 31, 33, 209
vesicatoria, 31, 33

Xeromyces bisporus, 20, 59

Yarrowia lipolytica, 82, 185, 214
Yersinia, 33, 70

enterocolitica, 34, 95, 184
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Zygosaccharomyces, 64
rouxii, 14, 20, 65, 81
bailii, 14, 65, 81, 83
lentus, 65

Zygomycota, 52

Zygotorulaspora, 64
Zymobacter palmae, 31
Zymomonas mobilis, 30 
Zymophilus, 46
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Subject Index

acetic acid bacteria, 30
acid preservatives, 198
acidic foods, 290
additives, 200
aerobic, 19, 22
aflatoxin, 96
alcoholic beverages, 274
antibody based assays, 293
ascospores, 112, 147
aseptic packaging, 172
aseptic processing, 132, 171, 224
ATP measuring, 292
autoclave, 162
auxiliary materials, 196
aw, see water activity, 20

bacilli, 37
bacterial phyla, 29
bacterial spores, 147
bacterial endospores, 78, 113, 147
basidiomycetous yeasts, 67
biofilm, 17, 245
biosensors, 298
blanching, 134, 218
botulinum cook, 124
botulism, 5

canned food, 283

cannery inspection, 289
canning, 4, 8
cans, 5, 173
carrier irradiator, 140
catalase, 69
chemical disinfectants, 246
chemical preservatives, 198
chlorine, 248
classification, 27
cleaning, 17, 242
cleaning-in-place, CIP, 244
cleaning-out-of-place, COP, 244
Clostridium botulinum, 5, 8, 9, 89, 112, 

123
toxins, 90

cobalt-60 irradiation facility, 140
Codex Alimentarius, 285
CODEX standard for irradiated foods, 

145
coliforms, 35, 71
combined preservation, 153
commercial sterility, 127, 223
conidia, 56
containers, 127, 172
cold point, 128
contamination, 14
continuous pasterurization, 169
control of manufacturing, 286
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conventional thermal sterilization, 127, 
132

cooling, 164, 228
cortex, 79
critical control points, 287
cultivation methods, 291

dairy products, 275
death kinetics, 106

non-linear death, 117
decimal reduction dose, 143
decimal reduction time, D, 107
deterioration of produce, 206
DFD meat, 182
diarrhea, 1
dielectric heating, 135
dipicolinic acid, 80, 144
disinfectants, 248
DNA assays, 294

chips, 298
DNA repair, 114
DNA-chip technology, 298
double seams, 175

ecological factors, 10, 17
interactions, 24

eggs, 199
Eh value, 21
electrical resistance heating, 135
electron beams, 138

accelerator, 141
endospores, 78, 112
end-product specification, 289
enteric viruses, 89, 96
enterobacteria, 33
enterohaemorrhagic E. coli, 95
enterotoxins, 7
environmental factors, 24, 69
equilibrium relative umidity, ERH, 19
equipment, 148
E. coli serotypes, 34, 888
ethanol, 23, 46, 72
exhausting, 218
extrinsic factors, 17

F value, reference, 119
Fo value, sterilization equivalent, 124

facultative anaerobes, 15
fermentation, 3, 7
filamentous fungi, 68
filling, 219
fish products, 187
flash pasteurization, 131
flat sour spoilage, 278
flow cytometry, 292
fluorescent pseudomonads, 32
food poisoning, 7
food preservation, 3

history, 6
food processing regulations, 284
food spoilage, 7, 14, 18, 41
foodborne disease, 8, 85

infection, 88
intoxication, 88

fresh produce, 32
fruit, 33

fruit juices, 270
fruits, 190
composition, 192
 microbioloy, 195
FSIS, 285

Gamma irradiation, 138
gaseous spoilage, 277
gas, headspace, 226
gastrointestinal disease, 7, 84
genes, 114
germicidal radiation, 138
glass containers, 173
good hygienic practice, GHP, 286
good manucaturing practice, GMP,  

286
Gram-negative bacteria, 15
Gram-positive bacteria, 15
growth kinetics, 23

rate, 3
temperture, 18

Habitat, 15
HACCP, 283, 286
harvesting, 206
hazard analysis, 286
headspace, 220
heat exchanger, 169
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heat labile vitamins, 128
heat penetration, 121, 128, 225
heat process requirement, 119
heat processing, 4, 217
heat resistance, 111, 116, 

factors, 115
mechanism, 113

heat resistant molds, 112
sporeformers, 222

heat shock, 113
genes, 114
proteins, 113

heat treatment, 113, 116
heterofermentative, 42, 72
HHP, 148
high acid foods, 125, 129
high hydrostatic pressure, 145
high temperature short time, HTST, 130, 

132
homofermentative, 42
human pathogens, 46, 196
hurdle concept, 154
hurdle technology, 258
hydrostatic sterilizer, 167
hygienic practice, 285

ICMSF, 284
immunological reactions, 294
implicit factors, 22
inactivation, 83
incubation test, 290
indicator organisms, 71
inspection of canning, 289
instrumental methods, 291
intrinsic factors, 276
ionizing radiation, 138
irradiation, 19

effects, 141
technologies, 137

ISO 22000 standards, 288

Jams, 269
JECFI, 145

L actic acid bacteria, 42
leakage, 276
lethality kinetics, 144

listeriosis, 94
low acid foods, 129, 254, 290

Meat, fresh, 179
fish, 186
microbiology, 185
poultry, 185
processing, 256
spoilage, 185

media preparation, 292
mesophile, 18
microaerophilic, 19
microarray assays, 298
microbial ecology, 10
microbiological spoilage, 2
microbiology of unit operations, 230
microwave, 134
microwave treatment, 133
milk, 274
molds, 83

conidial, 55
sporangiosporic, 54

molecular methods, 294
molecular phylogeny, 27, 51
mycelium, 56
mycotoxins, 96

NACMCF, 287
nitrite, 200
non-linear death kinetics, 117, 118
non-thermal preservation, 137
Novel Food Regulation, 153
nucleic acid-based assays, 293

ochratoxin, 96
ohmic heating, 135
opportunistic pathogen, 32
osmophilic yeasts, 83
oxygen relations, 21

Packaging, 171
parasites, 96
pasteurization, 130, 148
pathogens, 16
patulin, 96
PEF equipment, 152
pH, 20, 129
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polymerase chain reaction, PCR, 295
population, 13
post-harvest spoilage, 68
post-process operations, 227
poultry carcass, 212

meat, 185
products, 261
preservatives, 200
pressure treatment, 147
pressurizing foods, 146
pretreatment operations, 214
primary production, 141
processing, 209
processing line, 237
production monitoring, 290
proteins, 113
psychrotrophs, 18
pulsed electric field, PEF, 148
processing, 152

quality assurance, 283
quality retention, 154

radappertization, 139
radiation dose, 138
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