


DEVELOPMENTS IN
FOOD PRESERVATION—S5

Edited by

STUART THORNE

Department of Food and Nutritional Sciences,
King’s College, University of London, UK

ELSEVIER APPLIED SCIENCE
LONDON and NEW YORK




ELSEVIER SCIENCE PUBLISHERS LTD
Crown House, Linton Road, Barking, Essex 1G11 8JU, England

Sole Distributor in the USA and Canada
ELSEVIER SCIENCE PUBLISHING CO., INC.
655 Avenue of the Americas, New York, NY 10010, USA

WITH 41 TABLES AND 91 ILLUSTRATIONS
© 1989 ELSEVIER SCIENCE PUBLISHERS LTD
British Library Cataloguing in Publication Data

Developments in food preservation
5
1. Food. Preservation
I. Thorne, Stuart .
641.4 i

ISBN 1-85166-259-6

Library of Congress CIP data applied for

No responsibility is assumed by the Publisher for any injury and/or damage to persons or
property as a matter of products liability, negligence or otherwise, or from any use or
operation of any methods, products, instructions or ideas contained in the material herein.

‘ Special regulations for readers in the USA
This publication has been registered with the Copyright Clearance Center Inc. (CCCQ), Salem,
Massachusetts. Information can be obtained from the CCC about conditions under which
photocopies of parts of this publication may be made in the USA. All other copyright
questions, including photocopying outside of the USA, should be referred to the publisher.

Al rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without the prior written permission of the publisher.

Photoset in Malta by Interprint Ltd.
Printed in Great Britain at the University Press, Cambridge




0052016

CONTENTS OF VOLUMES 3 AND 4

Volume 3

Determination of Thermal Processes to Ensure Commercial Sterility of Foods in Cans.
ANDREW C. CLELAND and GORDON L. ROBERTSON

Refrigerated Storage of Packaged Meat. H.-J. S. NIELSEN
Cleaning of Food Processing Plant. ALAN T. JACKSON

Application of Dielectric Techniques in Food Production and Preservation. MIHALY
DEMECZKY

Design and Optimisation of Falling-Film Evaporators. MAURO MORESI

Heat Transfer and Sterilisation in Continuous Flow Heat Exchangers. CHRISTIAN
TRAGARDH and BERT-OVE PAULSSON

Potential Applications of Fluidisation to Food Preservation. GILBERT M. R10s, HENRI
GiBeRT and JEAN L. BAXERRES

Volume 4

Nutritional Changes in Food Processing. A. E. BENDER

Process Control Microcomputers in the Food Industry. G. BowN

Packaging for Thermally Sterilised Foods. D. A. HERBERT and J. BETTISON

The Effect of Refrigeration on the Quality of Some Prepared Foods. M. A. Hie
Physical and Engineering Aspects of Food Freezing. S. D. HOLDSWORTH

The Blanching Process. J. D. SELMAN

Developments in the Production of Fermented and Pickled Vegetables. E. STEINBUCH and
W. RoL

e e —— i i v i e e g S



PREFACE

We have entered a period of consolidation and subtle improvement in food
preservation. No completely new processes have been introduced for some
time and it seems unlikely that we will see any in the foreseeable future.
Instead, attention is turning towards subtle improvements to existing
processes, aimed atimprovements in product quality and process efficiency.
Perhaps most important of all, research is increasingly directed at an
improved understanding of the fundamental behaviour of foodstuffs and
food processing systems; thermal and physical preperties, heat and mass
transfer, the behaviour of micro-organisms and deteriorative chemical
reactions. An increasing knowledge of all of these and the relationships
between them is reducing the empirical content of food preservation
operations and effecting a steady improvement in the quality of preserved
foods.

Increasing consumer resistance to food additives has forced change on
the Food Industry. Whilst we must resist the ‘all additives are bad’ brigade,
the food industry is increasingly considering additives by need as well as
legality. The use of additives should be based on ratio of benefit to possible
detriment that theyeffect. Additives are not our primary concern here, but,
as fundamental knqw‘lcdge of processing operations improves, we are able
to reduce additive ‘use. For instance, there are many examples in this
volume of how careful selection of processing conditions can reduce colour
loss in foods; if we can reduce colour loss then we need add less synthetic
colouring materials. I do not believe that synthetic additives are inherently
less desirable than natural ones, but, because the safety of no food
component, either natural or synthetic, can be proved absolutely, the fewer
the components the safer the food.
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The chapters in this volume represent much recent work on fundamental
aspects of food preservation and demonstrate how proper application of
this knowledge can result in better product quality and safety and improved
process efficiency. And this is in the best interests of both the consumer and
ourselves. )

A problem with which we have to contend is consumer suspicion; our
final customers often do not believe that the food industry always acts in
their best interests. This is at least partly due to consumer ignorance. The
popular media talk of ‘scientific proof” when, of course, science is concerned
with disproof and probability. Often ‘proof’ and ‘disproof are interchange-
able; we are almost completely sure of our conclusions. But with food safety
this is not so. We can never prove that a food will never harm a single
consumer; we can only have proof that it can cause harm. So we have to be
honest and admit that ‘as far as we can ascertain the product is not harmful’.
But this is not enough for our non-scientific customers, who have been led
to believe in scientific proof. Better customer relations are needed; we must
put aside our arrogance and attempt to explain to the public what we are
doing, how we do it and why. Then, perhaps, we will have customers who
have faith in us and our products.

Those of us in the European Economic Community have an exciting time
ahead. The abolition of all trade barriers withi.. Europe means that we have
to have coherent European food legislation by 1991. It will also give us
a market of some 300 million customers. But there will be immense problems.
Every European nation has workable food legislation that permits pro-
duction of safe food, but to agree to a single set of legislation is difficult; we all
have our own national products and processes, which are not compatible
with the requirements of other European nations. The British, for example,
allow cereal fillers in sausages and non-dairy fats in ice cream and all of us
have different regulations for the use of additives. I am sure that the problems
will be solved, but we must ensure that they are solved in a way that permits
national variation. As far as food is concerned, we must not all end up as
identical Europeans, losing our national identities. Imagine the horrors of
the Euroloaf or Eurowine. It may seem far fetched, but bureaucrats are
capable of curious behaviour in their enthusiasm for unification. When
problems of legislation are solved satisfactorily, the vast European market
will be a challenge to the food processing industry. Those who are prepared
with quality products will thrive and expand, but I fear that many, smaller
firms will fall by the wayside. Unfortunately, it will not always be their own
fault if they fail through lack of expertise in the vast new market. And the
firts that lose their market to the large international companies will often
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be the suppliers of the national variations in foodstuffs that we need. The
great attraction of a ‘Common Market’ is that we can be a great political
and economic power whilst retaining our national identities and what we
eat and drink are a major part of these national identities. Let us all ensure
that a tarifi-free Europe does not become a Europe of identical eaters and

drinkers.
STUART THORNE
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Chapter 1

QUALITY AND STABILITY
OF FROZEN VEGETABLES

W. CANET

Instituto del Frio (CSIC), Ciudad Unwersxtarta
Madrid, Spain /

SUMMARY

ol

Freezing is widely acknowledged as the most satisfactory method of i
6 ; ; : : I
preserving vegetables over long periods. This chapter reviews and discusses '

technological innovations in the field of freezing during the past ten years; ]
primarily on the effects of freezing on the quality of the final product.
Topics considered include basic aspects of freezing itself, the physical and {

chemical alterations taking place in the product during storage, and the
combined effect of storage time and temperature (TTT factors), with
a discussion of the relative importance of the freezing rate and storage
temperature.

The effect on quality of product-related factors, processing (in particular l
blanching, in view of the greater importance of technical developments in this
area as compared to those relating to freezing per se), pre—freezing
treatments, and packaging ( PPP factors). g |

Lastly, future research priorities are summarized. A combmatton of more
basic knowledge, technological development, and optimization of the many
PPP and TTT factors would all help achieve the higher levels of final product
quality increasingly demanded by consumers.
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2 ren W. CANET
1. INTRODUCTION

Looking back over the historical development of quality requirements for
processed foods,! freezing is undoubtedly the most satisfactory method for
the long-term preservation of vegetable produce. The low temperature
commonly recommended for frozen foods (— 18°C) inhibits the activity of
microorganisms and slows the biochemical reactions which, together with
the reduction in water activity due to freezing, can maintain the initial
quality and nutritive value almost unchanged, with differences only in
texture between frozen and fresh vegetable products.

The economic importance and continuous growth of frozen vegetable
consumption in Europe are reflected in Table 1. The data show that in 1984
the UK, Federal Republic of Germany, and France were the three countries
with the highest overall consumption of frozen foods (poultry products not
included), while Sweden, France, and Denmark enjoyed the highest per
capita consumption. The increase in consumption in 1984 with respect to
1983 ranged between 5 and 10% in all countries except Sweden (2%) and
Holland (3-1%).

The proportion of frozen vegetables (including potato products) in total
frozen food consumption ranged from 34% in Sweden and Norway to 61%
in Ttaly. Frozen vegetables were, in volume, by far the largest sector of
frozen food sales in all cuntries. The data on total frozen vegetable
consumption in 1985 show the UK in first place, followed by the Federal
Republic of Germany and France, with the highest increase in consumption
over 1984 being recorded in France (28:9%) and the lowest in Holland
(2:8%) and Finland (3%).

The importance of freezing and the scientific and technological develop-
ment of this method of food preservation is highlighted by the considerable
attention afforded to it in all the countries of the EEC in recent years. In
1977, it was included as a research priority in food science and technology
under the first Intra-European Collaborative Research Programme; the
COST 91 Project on the Effects of Thermal Processing on Quality and
Nutritive Value of Foods.

In the three-year period 1981-3, a subgroup for collaborative work on
the influence of freezing, distribution, and thawing on the quality and
nutritive value of foods existed under this project, culminating in new and
interesting scientific findings in the field of freezing in general and with
respect to frozen vegetables in particular.

Vegetable produce is characterized by its seasonal and highly perishable
nature, with extremely rapid deterioration in quality at ambient temper-
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A W. CANET

atures after harvesting. Freezing under optimum conditions and storage at
temperatures of —18°C or lower can maintain initial quality for between
twelve and thirty-six months. The final quality of frozen vegetables is
dependent upon a large number of factors, such as product type and variety,
degree of ripening, initial quality, harvesting methods, elapsed time
between harvesting and processing, pre-freezing treatments, freezing pro- -
cedures, packaging, storage time and temperature. All these factors and
their interactions, combined with possible deficiencies in storage conditions
during the freezer chain, point out the difficulty in optimizing the process as
a whole and thus in satisfying consumer quality expectations.

The main objective of this chapter will be to review the fundamental
aspects and technological features of the main stages of the freezing process
and storage and their effects on the quality and stability of frozen
vegetables, focussing on the state of the art and future research goals.

1.1. Historical Notes on Vegetable Freezing

The modern era of frozen foods began in the 1930s, with the appearance of
frozen vegetables in the United States market.* Intensive research efforts in
the field had commenced during the previous decade and have continued
up to the present day, giving rise to an extensive scientific literature on the
quality and stability of frozen vegetables. The first review of the literature
way'made by Tressler and Evers.® Initially, research concentrated on the
search for solutions to the problems posed by changes in colour and the
development of off-flavours during storage. In 1929 Joslyn and Cruess®
demonstrated that blanching (brief heating of the product) increased the
stability of frozen vegetables over prolonged periods of storage. Onslow’
studied and discussed, for the first time, the phenomena underlying
oxidative browning in frozen fruit, relating it to the action of certain
oxidases on phenols. In 1941 Joslyn® showed that ascorbic acid could act as
an inhibitor of the oxidation reactions causing browning.

At the same time, scientists also turned their attention to the effect of the
freezing rate on the quality of frozen vegetables. Woodroof® described
physical changes in vegetable tissues during freezing, showing the advantages
of rapid freezing. Morris and Barker'® confirmed these results for fruits,
recording considerable organoleptic differences between fruits subjected to
rapid or slow freezing; nevertheless, the differences disappeared after
storage. Lee et al.''''? were of the opinion that there was no advantage in
using faster freezing rates than those commonly employed by the food
industry at the time.

In order to maintain product quality and stability after freezing, it was
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necessary to select a storage temperature appropriate to the probable
duration of storage and distribution until consumption. At the end of the
1940s scientific opinion concerning the most suitable storage temperature
was still divided, though —18°C (0°F) had become the most widely used
temperature industrially; more from technical and cost considerations than
on any sound scientific basis. Today —18°C is regarded as the target
temperature, but it is not a’lways maintained, particularly during transport-
ation and distribution. At the request of the US frozen food industry, in
need of scientific ‘facts’ on which to base quality preservation during the
storage and distribution of frozen products, in 1950 the USDA Western
Regional Research Laboratory at Albany, California designed and imple-
mented a research programme aimed at studying the combined action of
storage time and storage temperature on the quality and stability of frozen
foods, the so-called ‘TTT Project’ (time, temperature, tolerance). Such
concepts as ‘high quality life’ and ‘practical storage life’ were first defined by
this project, and instrumental and sensory measures of quality were
designed and put into practice. The scientific methodology developed
under the project is still in use today. The results of this programme were
published by van Arsdel et al.!® Particular attention was addressed to the

quality and stability of frozen vegetables, with extensive studies of such

vegetables as green beans, peas, spinach, and caulifiower'* and fruits like
strawberries, peaches, raspberries, and cherries.!*6

Together with this applied research, more basic theoretical work was
performed in an attempt to study and explain the structural changes
occurring in different vegetable tissues associated with freezing, thawing,
and blanching.!” More recently, similar work has been carried out, directed
specifically at caulifiower,'® green beans,'® and peppers.?® There has been
a comprehensive review by Reeve?! and significant work by Brown?? on
green beans, Rahman et al.?* on carrots, and Mohr?* on peas, spinach, and
green beans. All these authors underlined the beneficial effect of fast freezing
rates on quality by reducing structural damage. Losses in quality that are
chemical in nature, caused primarily by enzymatic reactions, gave rise to
basic, general papers like those by Joslyn,2S Lee ot al.?% Leeson,?” and
a review of blanching by Lee.?® Interesting work was also carried out by
Esslen and Anderson?® and Zoueil and Esslen®° for peroxidase and by
Sapers and Nickerson3* for catalase on the degree of thermal destruction of
enzymes at high tempratures and possible regeneration during frozen
storage. Other work by Dietrich et al.3? and Pinsent*? for peas, by Dietrich
and Newmann>* for Brussels sprouts, by Rosoff and Cruess*? for cauliflower,
and by Resende et al.>® for green beans and spinach was aimed at
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determining optimum conditions for blanching and the possible repercussion
of blanching on quality. Aylward and Haisman®” published an interesting
review on fruit, summarizing the knowledge and results obtained up to that
time with regard to oxidative systems and their effect on the quality of
processed vegetables.

There are other factors in addition to the freezing process itself and to
frozen storage that exert a sizeable influence on quality, e.g. product type
and variety, degree of ripening, initial quality, pre-freezing treatments, and
packaging. Dalhoff and Jul®® listed these, which they termed PPP factors
(product, processing, packaging), stressing their relative importance—in
some cases more important than freezing rate and storage time and
temperature themselves. Such factors have been reviewed by Gutschmidt,*®
Olson and Dietrich,*® and Pointine et al.*!

Some works dealing with frozen food processing, whose chapters on
vegetables are an excellent compendium of scientific information, are
essential to any list of reference works: Fennema et al.,*? Cioubanu et al.,*?
Desrosier and Tressler,** and the International Institute of Refrigeration.*3

This summary of the considerable scientific literature available, of
necessity incomplete, emphasizes topics with a bearing on the quality and
stability of frozen vegetables that were the main areas of interest to research
workers between 1930 and 1970.

In line with the main objective of the present review, attention will focus
on these main subject areas: the effect on quality of the initial freezing
process, the frozen storage period, the TTT factors, and, finally, product-
related factors, processing (in particular blanching), pre-freezing treatments,
and packaging (PPP factors).

2. INFLUENCE OF FREEZING

2.1. The Freezing Process’

The freezing process in itself consists of lowering the product temperature
to —18°C at the thermal centre, resulting in crystallization of most of the
water and some solutes.

A knowledge of the temperature changes undergone by the different
parts of the product during freezing (Fig. 1) is essential in order to be able to
understand the process. Three separate stages are distinguishable.*® First
there is a pre-freezing stage, in which the product is cooled from its initial
temperature to the freezing point. Ice crystallization occurs only after




