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There are many excellent texts available which cover the fundamentals of food
engineering, equipment design, modelling of food processing operations etc.
There are also several very good works in food science and technology dealing
with the chemical composition, physical properties, nutritional and microbiolog-
ical status of fresh and processed foods. This work is an attempt to cover the
middle ground between these two extremes. The objective is to discuss the tech-
nology behind the main methods of food preservation used in today’s food in-
dustry in terms of the principles involved, the equipment used and the changes
in physical, chemical, microbiological and organoleptic properties that occur
during processing. In addition to the conventional preservation techniques, new
and emerging technologies, such as high pressure processing and the use of
pulsed electric field and power ultrasound are discussed. The materials and
methods used in the packaging of food, including the relatively new field of ac-
tive packaging, are covered. Concerns about the safety of processed foods and
the impact of processing on the environment are addressed. Process control
methods employed in food processing are outlined. Treatments applied to water
to be used in food processing and the disposal of wastes from processing opera-
tions are described.

Chapter 1 covers the postharvest handling and transport of fresh foods and
preparatory operations, such as cleaning, sorting, grading and blanching, ap-
plied prior to processing. Chapters 2, 3 and 4 contain up-to-date accounts of
heat processing, evaporation, dehydration and freezing techniques used for food
preservation. In Chapter 5, the potentially useful, but so far little used process
of irradiation is discussed. The relatively new technology of high pressure pro-
cessing is covered in Chapter 6, while Chapter 7 explains the current status of
pulsed electric field, power ultrasound, and other new technologies. Recent de-
velopments in baking, extrusion cooking and frying are outlined in Chapter 8.
Chapter 9 deals with the materials and methods used for food packaging and
active packaging technology, including the use of oxygen, carbon dioxide and
ethylene scavengers, preservative releasers and moisture absorbers. In Chapter
10, safety in food processing is discussed and the development, implementation
and maintenance of HACCP systems outlined. Chapter 11 covers the various
types of control systems applied in food processing. Chapter 12 deals with envi-
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ronmental issues including the impact of packaging wastes and the disposal of
refrigerants. In Chapter 13, the various treatments applied to water to be used
in food processing are described and the physical, chemical and biological treat-
ments applied to food processing wastes are outlined. To complete the picture,
the various separation techniques used in food processing are discussed in
Chapter 14 and Chapter 15 covers the conversion operations of mixing, emulsif-
ication and size reduction of solids.

The editor wishes to acknowledge the considerable advice and help he re-
ceived from former colleagues in the School of Food Biosciences, The Univer-
sity of Reading, when working on this project. He also wishes to thank his wife,
Anne, for her support and patience.

Reading, August 2005 James G. Brennan
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Alistair S. Grandison

1.1
Introduction

Food processing is seasonal in nature, both in terms of demand for products
and availability of raw materials. Most crops have well established harvest times
– for example the sugar beet season lasts for only a few months of the year in
the UK, so beet sugar production is confined to the autumn and winter, yet de-
mand for sugar is continuous throughout the year. Even in the case of raw ma-
terials which are available throughout the year, such as milk, there are estab-
lished peaks and troughs in volume of production, as well as variation in chem-
ical composition. Availability may also be determined by less predictable factors,
such as weather conditions, which may affect yields, or limit harvesting. In
other cases demand is seasonal, for example ice cream or salads are in greater
demand in the summer, whereas other foods are traditionally eaten in the win-
ter months, or even at more specific times, such as Christmas or Easter.

In an ideal world, food processors would like a continuous supply of raw ma-
terials, whose composition and quality are constant, and whose prices are pre-
dictable. Of course this is usually impossible to achieve. In practice, processors
contract ahead with growers to synchronise their needs with raw material pro-
duction. The aim of this chapter is to consider the properties of raw materials
in relation to food processing, and to summarise important aspects of handling,
transport, storage and preparation of raw materials prior to the range of proces-
sing operations described in the remainder of this book. The bulk of the chapter
will deal with solid agricultural products including fruits, vegetables, cereals
and legumes; although many considerations can also be applied to animal-based
materials such as meat, eggs and milk.
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1.2
Properties of Raw Food Materials and Their Susceptibility
to Deterioration and Damage

The selection of raw materials is a vital consideration to the quality of processed
products. The quality of raw materials can rarely be improved during processing
and, while sorting and grading operations can aid by removing oversize, under-
size or poor quality units, it is vital to procure materials whose properties most
closely match the requirements of the process. Quality is a wide-ranging con-
cept and is determined by many factors. It is a composite of those physical and
chemical properties of the material which govern its acceptability to the ‘user’.
The latter may be the final consumer, or more likely in this case, the food pro-
cessor. Geometric properties, colour, flavour, texture, nutritive value and free-
dom from defects are the major properties likely to determine quality.

An initial consideration is selection of the most suitable cultivars in the case
of plant foods (or breeds in the case of animal products). Other preharvest fac-
tors (such as soil conditions, climate and agricultural practices), harvesting
methods and postharvest conditions, maturity, storage and postharvest handling
also determine quality. These considerations, including seed supply and many
aspects of crop production, are frequently controlled by the processor or even
the retailer.

The timing and method of harvesting are determinants of product quality.
Manual labour is expensive, therefore mechanised harvesting is introduced
where possible. Cultivars most suitable for mechanised harvesting should ma-
ture evenly producing units of nearly equal size that are resistant to mechanical
damage. In some instances, the growth habits of plants, e.g. pea vines, fruit
trees, have been developed to meet the needs of mechanical harvesting equip-
ment. Uniform maturity is desirable as the presence of over-mature units is as-
sociated with high waste, product damage, and high microbial loads, while un-
der-maturity is associated with poor yield, hard texture and a lack of flavour and
colour. For economic reasons, harvesting is almost always a ‘once over’ exercise,
hence it is important that all units reach maturity at the same time. The predic-
tion of maturity is necessary to coordinate harvesting with processors’ needs as
well as to extend the harvest season. It can be achieved primarily from knowl-
edge of the growth properties of the crop combined with records and experience
of local climatic conditions. The ‘heat unit system’, first described by Seaton [1]
for peas and beans, can be applied to give a more accurate estimate of harvest
date from sowing date in any year. This system is based on the premise that
growth temperature is the overriding determinant of crop growth. A base tem-
perature, below which no growth occurs, is assumed and the mean temperature
of each day through the growing period is recorded. By summing the daily
mean temperatures minus base temperatures on days where mean temperature
exceeds base temperature, the number of ‘accumulated heat units’ can be calcu-
lated. By comparing this with the known growth data for the particular cultivar,
an accurate prediction of harvest date can be computed. In addition, by allowing
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