CHEMICAL CHANGES IN FOOD
DURING PROCESSING



if
| t Basic Symposium Series

Edited by

INSTITUTE OF FOOD TECHNOLOGISTS
221 N. LaSalle St.

Chicago, Illinois



CHEMICAL CHANGES
IN FOOD DURING
PROCESSING

Edited by

Thomas Richardson
Department of Food Science
and Technology

University of California
Davis, California

John W. Finley

Nabisco Brands, Inc.
East Hanover, New Jersey

Springer Science+Business Media, LLC



An AVI Book

Copyright © 1985 by Springer Science+Business Media New York
Originally published by Van Nostrand Reinhold Company Inc.in 1985.
Softcover reprint of the hardcover 1st edition 1985

Library of Congress Catalog Card Number 85-18638

All rights reserved. No part of this work covered by the copyright
hereon may be reproduced or used in any form or by any means—
graphic, electronic, or mechanical, including photocopying, record-
ing, taping, or information storage and retrieval systems—without
written permission from the publisher.

ISBN 978-94-017-1018-3 ISBN 978-94-017-1016-9 (eBook)
DOI 10.1007/978-94-017-1016-9

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Library of Congress Cataloging-in-Publication Data
Main entry under title:

Chemical changes in food during processing.

(IFT basic symposium series)

Papers from a symposium held by the Institute of
Food Technologists in Anaheim Calif., June 89, 1984.

Includes bibliographies and index.

1. Food—Analysis—Congresses. 2. Food Industry
and trade—Quality control—Congresses. 1. Richardson,
Thomas 1I. Finley, John W., 1942
IIL. Institute of Food Technologists. IV Series.
TP372.5.C47 1985 664'.02 85-18638



Contents

Contributors xi

Preface xiii

1 CHEMICAL CHANGES IN FOOD DURING

PROCESSING—AN OVERVIEW 1
O. Fennema
Food Processing in Perspective 1

Chemical Changes during Processing
Means of Controlling Chemical Reactions in Foods during

Processing and Handling 10
Conclusion 10
References 13

2 CHEMISTRY OF REACTIVE OXYGEN SPECIES 17
Christopher S. Foote
Introduction 17
Reactive Species 18
Photosensitized Oxidations 21
Methods of Characterizing Reactive Intermediates 24
Summary 30
References 30

3 METAL-CATALYZED REACTIONS OF

ORGANIC COMPOUNDS 33
Arthur E. Martell
Introduction 33
Ionic Reactions Promoted by Metal Ions 34
Metal-Catalyzed Oxidation of Organic Compounds 45
References 58

4 FREE RADICAL CHEMISTRY OF
NATURAL PRODUCTS 63

P. Neta and M.G. Simic
Introduction 63



vi

CONTENTS

Peroxyl Radicals

Alkoxyl Radicals

Superoxide and Hydroperoxyl Radicals
Hydroxyl Radical

Other Radicals

References

MECHANISM OF FATTY ACID AND
PHOSPHOLIPID AUTOXIDATION

Ned A. Porter
References

THERMAL AND RADIOLYTIC DECOMPOSITION
OF LIPIDS

Wassef W. Nawar
Extent of Decomposition
Radiolytic Reactions
Thermolytic Reactions
Thermal Oxidative Reactions
Comparison of Product Patterns
References

ANTIOXIDANTS

Michael G. Simic and Edward P.L. Hunter
Introduction
Experimental Techniques
Generation of Peroxy Radicals
Generation of Oxidizing Radicals
Reactions of Peroxy and Oxidizing Radicals with Antioxidants
Reactivities of Peroxy Radicals
Reactivities of Antioxidants
Spectral Properties
Structure—Reactivity Relationships for Antioxidants
Conclusions
References

MECHANISMS OF OXIDOREDUCTASES
IMPORTANT IN FOOD COMPONENT
MODIFICATION

John R. Whitaker
Introduction
Polyphenol Oxidase
Lipoxygenase
Peroxidase and Catalase
Xanthine Oxidase, Xanthine Dehydrogenase, and
Aldehyde Oxidase
Glucose Oxidase
Alcohol Dehydrogenase and Aldehyde Dehydrogenase
References

65
67
68
69
69
71

73

78

79

80
81
90
93
98
103

107

107
108
111
112
112
113
114
115
116
117
117

121

121
123
130
136

142
154
162
170



10

11

12

13

CONTENTS vii

OXIDATION OF LIPIDS IN BIOLOGICAL TISSUE

AND ITS SIGNIFICANCE 177
H.W. Gardner
The Polyunsaturated Fatty Acid Cascade 177
Formation of Hydroperoxides 180
Peroxy Radical Model for Prostaglandin Formation 180
Potential Chemical Models for Biochemical Conversion
of Hydroperoxides 183
Significance of the Cascade 192
References 198
OXIDATION-INDUCED CHANGES IN FOODS 205
R.L. Ory, AJ. St. Angelo, Y.-Y. Gwo, GJ. Flick, Jr., and R.R. Mod
Introduction 205
Lipid Oxidation in Processed Peanuts 206
Quality of Frying Fats for Fast Food Services 210
Oxidative Cross-Linking of Polyphenolics in Rice 214
References 216

CONTROLLING ACYL TRANSFER REACTIONS OF

HYDROLASES TO ALTER FOOD CONSTITUENTS 219

T. Richardson
Introduction 219
Acyl Transfer 220
Lipases 221
Thiol Proteinases 230
Acid Proteinases 240
Conclusions 251
References 251

CHEMICAL REACTIONS OF PROTEINS 255

Robert E. Feeney, John R. Whitaker, W. S. Dominic Wong,
David T. Osuga, and M. Eric Gershwin

Introduction 255
General Chemistry of Reactions 256
Some Typical Reactions 265
Some Deteriorative Reactions of Practical Importance 269
Possible Unhealthful Deteriorative Products 279
References 283

SOME ASPECTS OF THE CHEMISTRY OF

NONENZYMATIC BROWNING

(THE MAILLARD REACTION) 289

Milton S. Feather
Introduction 289
Sugar—Amine Interactions 290
Maillard Polymer Formation 294

References 302



viii

14

15

16

17

18

CONTENTS

PRINCIPAL CHANGES IN STARCHES DURING
FOOD PROCESSING

James R. Daniel and Roy L. Whistler
Introduction
Gelatinization
Degradation
Retrogradation
Bread Staling
References

CHEMICAL CHANGES IN FLAVOR COMPONENTS
DURING PROCESSING

R. Teranishi and R.G. Buttery
Introduction
Enzymatically and/or Microbially Produced Compounds
Thermal Changes
References

CHANGES IN PECTIN AND CELLULOSE
DURING PROCESSING

R.F. McFeeters
Introduction
Cell Wall Structure
Sugar Composition, Size, and Shape of Pectin Molecules
Pectin Methylation
Pectin Ionization and Ion Binding
Pectin Structure in Cell Walls
Recent Studies of Pectic Enzymes
Role of Pectin in Fruit and Vegetable Texture
Cellulose Structure and Function
References

CHEMICAL CHANGES OF VITAMINS DURING

FOOD PROCESSING

Jesse F. Gregory III
Introduction
Vitamin Degradation Reactions
Conversion to Products Exhibiting Reduced Biological Activity
Processing Effects on Vitamin Bioavailability
Conclusions
References

CHEMICAL CHANGES IN NATURAL
FOOD PIGMENTS
Kenneth L. Simpson

Introduction

Carotenoids
Chlorophyll

305

305
307
316
317
319
323

327

327
328
333
343

347

347
347
349
354
356
360
361
363
366
368

373

373
374
393
397
401
402

409

409
410
418



CONTENTS ix

Heme Pigments 423
Anthocyanins 425
Betalains 433
References 437

19 ENVIRONMENTAL EFFECTS ON

PROTEIN QUALITY 443

John W. Finley
Introduction 443
Influence of Heat on Proteins 444
Nonenzymatic Browning 456
Photooxidation Reactions of Proteins 459
Interaction of Protein with Oxidizing Lipids 464
Influence of Alkaline Conditions on Protein 468
Conclusions 476
References 476

20 ENVIRONMENTAL EFFECTS ON CHEMICAL

CHANGES IN FOODS 483
Marcus Karel
Introduction 483
Environmental Effects on Rates of Chemical Reaction 485
Optimization of Food Processes on the Basis of Kinetic Models
Relating Process Variable to Chemical Changes 498
References 499

Index 503



Contributors

BUTTERY, R.G. (327)." Western Regional Research Center, Agricultural Research Ser-
vice, U. S. Department of Agriculture, 800 Buchanan St., Berkeley, CA 94710

DANIEL, JAMES R. (305). Department of Foods and Nutrition, Purdue University, West
Lafayette, IN 47907

FEATHER, MILTON 8. (289). Department of Biochemistry, University of Missouri, Co-
lumbia, MO 65211

FEENEY, ROBERT E. (255). Department of Food Science and Technology, University of
California, Davis, CA 95616

FENNEMA, O. (1). Department of Food Science, University of Wisconsin, Madison, WI
53706

FINLEY, JOHN W. (443). Nabisco Brands, Inc., P.O. Box 1941, East Hanover, NJ 07936-
1941

FLICK, G.J., JR. (205). Department of Food Science and Technology, Virginia Polytech-
nic Institute and State University, Blacksburg, VA 24061

FOOTE, CHRISTOPHER 8. (17). Department of Chemistry and Biochemistry, University
of California-Los Angeles, Los Angeles, CA 90024

GARDNER, H.W. (177). Northern Regional Research Center, Agricultural Research Ser-
vice, U.S. Department of Agriculture, Peoria, IL 61604

GERSHWIN, M. ERIC (255). Division of Rheumatology/Allergy, University of California
School of Medicine, Davis, CA 95616

GREGORY, JESSE F., III (373). Food Science and Human Nutrition Department, Univer-
sity of Florida, Gainesville, FL. 32611

GWO, Y.-Y. (205). Department of Food Science and Technology, Virginia Polytechnic
Institute and State University, Blacksburg, VA 24061

HUNTER, EDWARD P.L. (107). Radiation Physics Division, National Bureau of Stan-
dards, Gaithersburg, MD 20899

KAREL, MARCUS (483). Department of Nutrition and Food Science, Massachusetts In-
stitute of Technology, Cambridge, MA 01239

MARTELL, ARTHUR E. (33). Department of Chemistry, Texas A&M University, College
Station, TX 77843

MCFEETERS, R.F. (347). Food Fermentation Laboratory, Agricultural Research Service,
U.S. Department of Agriculture and North Carolina Agricultural Research Service,
Department of Food Science, North Carolina State University, Raleigh, NC 27695

MOD, R.R. (205). Southern Regional Research Center, Agricultural Research Service, U.S.
Department of Agriculture, P.O. Box 19687, New Orleans, LA 70179

!Numerals in parentheses indicate the page on which the author’s contribution begins.

xi



xii CONTRIBUTORS

NAWAR, WASSEF W. (79). Department of Food Science and Nutrition, University of
Massachusetts, Amherst, MA 01003

NETA, P. (63). Chemical Kinetics Division, National Bureau of Standards, Gaithersburg,
MD 20899

ORY, RL. (205). Southern Regional Research Center, Agricultural Research Service, U.S.
Department of Agriculture, P.O. Box 19687, New Orleans, LA 70179

OSUGA, DAVID T. (255). Department of Food Science and Technology, University of
California, Davis, CA 95616

PORTER, NED A. (73). Paul M. Gross Chemical Laboratories, Duke University, Durham,
NC 27706

RICHARDSON, T. (219). Department of Food Science and Technology, University of
California-Davis, Davis, CA 95616

SIMIC, MICHAEL G. (63, 107). Radiation Physics Division, National Bureau of Stan-
dards, Gaithersburg, MD 20899

SIMPSON, KENNETH L. (409). Department of Food Science and Nutrition, University
of Rhode Island, Kingston, RI 02881

ST. ANGELO, A.]. (205). Southern Regional Research Center, Agricultural Research Ser-
vice, U.S. Department of Agriculture, P.O. Box 19687, New Orleans, LA 70179

TERANISHI, R. (327). Western Regional Research Center, Agricultural Research Service,
U.S. Department of Agriculture, 800 Buchanan St., Berkeley, CA 94710

WHISTLER, ROY L. (305). Department of Biochemistry, Purdue University, West Lafay-
ette, IN 47907

WHITAKER, JOHN R. (121, 255). Department of Food Science and Technology, Univer-
sity of California, Davis, CA 95616

WONG, W.S. DOMINIC (255). Western Regional Research Center, Agricultural Research
Service, U.S. Department of Agriculture, 800 Buchanan St., Berkeley, CA 94710



Preface

This volume results from the Eighth Basic Symposium held by the
Institute of Food Technologists in Anaheim, California on June 8-9,
1984. The theme of the symposium was “Chemical Changes in Food
during Processing.”

The speakers included a mix of individuals from academic institu-
tions, governmental agencies, and the food industry. Twenty speakers
discussed topics ranging from the basic chemistry relating to food
constituents to the more applied aspects of chemical changes in food
components during food processing.

It was the intent of the organizers to bring together a group of
speakers who could address the chemistry of changes in food compo-
nents during processing from a mechanistic point of view. As a con-
sequence, the proceedings of this symposium emphasize the basic
chemistry of changes in food constituents from a generic perspective
which is intended to provide the reader with a background to address
more specific problems that may arise.

The book is introduced with an overview of the major chemical
changes in food during processing to orient the reader as to its scope
and to give a general feel for the areas covered. A major part of the
initial section of the volume focuses on the chemistry and biochemis-
try of oxygen and oxidative reactions as influenced by environmental
factors, metals, enzymes, and ionizing radiation. These pervasive re-
actions are major causes for changes observed in foods during pro-
cessing and storage. Recent emphasis given to the so-called “active-
oxygen species” in initiating oxidative alterations in biological mate-
rials dictates a treatment of their relevance to changes in foods. Al-
though we are accustomed to thinking of metals primarily in terms
of redox reactions, a variety of ionic reactions catalyzed by these agents
and their chelates is discussed from a mechanistic point of view.

There is a natural progression to free radical chemistry and alter-
ations induced in lipids from autoxidation, from thermally induced
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xiv PREFACE

changes, from ionizing radiation, and from enzymatic modifications.
Enzymatic oxygenation of lipids in plants may play a key role in their
physiology analogous to the lipid oxidation cascade systems in ani-
mals. A major concern of the food scientist is to minimize damage
from oxidative reactions in foods, and a basis is given for a better
understanding of antioxygenesis at the molecular level.

Two groups of enzymes that are of principal importance to the food
scientist are discussed in some detail. The oxidoreductases provide a
basis for establishing blanching limits for fruits and vegetables. On
the other hand, they can serve as focal points for undesirable changes
in foods, as in enzymatic browning. The mechanistic discussions of
selected oxidoreductases will give the reader a fundamental grasp of
the diversity in how these enzymes effect change. The hydrolases are
ubiquitous enzymes designed to use water for breaking down sub-
strates in foods. However, an understanding of the mechanisms of
hydrolases can provide the food scientist with opportunities for con-
trolling or even diverting the course of their reactions.

Changes in biopolymers during processing can alter their physical
and nutritional properties. The reader is treated to a comprehensive
discussion of textural alterations in foods as affected by chemical,
physical, and enzymatic changes in pectins, starches, and cellulose.
Proteins possess a large number of side-chain functional groups sub-
ject to chemical alterations. A discussion of the reactivities of amino
acid residues in proteins paves the way for a comprehensive discus-
sion on the effects of environmental elements, such as heat, light, pH,
and oxygen, on the amino acid residues of proteins. An important
reaction affecting not only the nutritive quality of proteins but also
the color and flavor of foods is nonenzymatic browning. Some new
aspects relating to the polymeric products of the Maillard reaction are
discussed.

Throughout this volume it is shown that the effects of environmen-
tal factors are constantly impacting on the quality of food constitu-
ents. This is especially true in the destruction of vitamins during food
processing. A thorough discussion relates many environmental fac-
tors to rates of vitamin destruction. In addition to the kinetics of vi-
tamin destruction under defined conditions, the organic reaction
pathways involved in vitamin loss are detailed.

The organoleptic properties of foods cannot be underestimated. The
aromas, taste, and colors of foods serve as a basis for the selection
and palatability of foods which, in turn, contributes to consumer nu-
trition. The origins and changes in food flavors are complex, but are
treated in this volume in a very thorough fashion from a sound chem-
ical viewpoint. Likewise food colorants are represented by substances
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as diverse as the lipophilic carotenoids to the water-soluble anthocy-
anins. The chapter on origins of colors as well as thejr alterations
during food processing brings the reader abreast of current knowl-
edge on chemical changes in the major natural food pigments.

As noted previously, the major environmental factors that impact
on the quality of foods are well known. However, quantitative treat-
ments of the complex interactions between food constituents and their
environment are difficult and often require simplifying assumptions
for adequate modeling.

The final chapter in the book includes a discussion of the effects of
water activity, light intensity, oxygen concentration, and tempera-
ture on lipid oxidation, nonenzymatic browning, enzymatic reactions,
and protein—lipid interactions. General models of environmental ef-
fects on food deterioration are illustrated by a case of optimization of
dehydration to maximize nutrient retention in a dehydrated food.

This volume represents a broad treatment of chemical changes in
food processing. The major components of foods are discussed without
a commodity orientation but within the context of functional group
chemistry of the functional constituents. It is hoped that thoughtful
readers will find it of value in some aspect of their professional activ-
ities.

The success of the Eighth Basic Symposium was the result of the
expert assistance of the members of the 1984 Basic Symposium Com-
mittee: Dr. Bernard J. Liska, 1984 President of IFT; Calvert L. Wil-
ley, Executive Director of IFT; John B. Klis, Director of Publications;
and the IFT staff who provided support, publicity, and coordinated
physical planning and details that make such a two-day symposium
a success.

For the eighth time, John Klis coordinated all details of interface
with the publisher, and Anna May Schenck, JFS Assistant Scientific
Editor, served as copy editor for the proceedings. Their capabilities,
professionalism, and patience in the face of pending deadlines have
brought these proceedings to fruition.

However, it is to the authors of the chapters of this book that we
owe our deepest gratitude. Without their expertise, persistence, and
cooperation, this symposium and book would not have been possible.

THOMAS RICHARDSON
J.W. FINLEY



