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Preface to the Second Edition

The editors are indeed proud to present this Second Edition of Nu-
tritional Evaluation of Food Processing. Thirty authors, who are
competent in nutrition, food science, and food technology, collabo-
rated in writing this volume. We are indebted to them for their schol-
arly contributions and for the time and effort which they have so un-
selfishly devoted to this task.

During the 15 years that have passed since the first edition was
published there has been an accelerating interest in the effects of
food handling and processing on the nutritional quality of prepared
foods. Before 1960, farmers, food processors, and housewives were
especially interested in food as a commodity and seemed only mildly
interested in food quality, i.e., nutrient content. Some may find it
difficult to believe that until recently the science of nutrition was sel-
dom included in the curriculum of food scientists and food technolo-
gists; today basic and even advanced nutrition are important subjects.

An important breakthrough occurred during the 1960’s when pre-
cise and rapid methods for estimating the vitamin, mineral, and
amino acid contents of raw foods and food products were developed.
By the use of these procedures it was soon proven that significant
amounts of nutrients in processed (cooked and stored) foods were re-
duced, at times seriously, due to extraction into the cooking water or
to destruction through chemical reactions.

The reader may be interested to learn that the first edition of Nu-
tritional Evaluation of Food Processing was prompted by the results
of three studies conducted at the Massachusetts Institute of Tech-
nology (Harris et al., Proc. Conf. Inst. Food Technologists, 1940;
Harris et al., J. Lab. Clin. Med. 25, 838, 1940; Harris and Mosher,
Food Res. 6, 387, 1940). These data led to the conclusion that a ref-
erence book concerned with the effects of food processing and food
nutrients was urgently needed.

A remarkable change has taken place since then. Food scientists,
food technologists, nutritional biochemists, clinical nutritionists, and
dieticians are much more concerned about the beneficial and delete-
rious effects of food processing than ever before.

Genetically-improved food varieties are being developed by plant
breeders to improve the quality of foods from plant and animal
sources. Nutritionally-balanced diets are being provided for the
nourishment of people of all ages, and especiall tgose people with
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viii PREFACE TO SECOND EDITION

biomedical disorders who must avoid excess intakes or otherwise
control their intake of specific nutrients or dietary factors. The fed-
eral government is now providing guidelines which will assist in the
selection of more nutritious, less expensive, and more acceptable
diets.

When the first .et,iition was written, the subject was discussed in
terms of commodities. In this second edition, it is discussed primar-
ily in terms of food processing since modern food science is no
longer taught in terms of food commodities.

It is our hope that this book will serve as a text and reference book
and thus help readers in nutritional evaluation of food processing.

ROBERT S. HARRIS
ENDEL KARMAS
December, 1974



Preface to the First Edition

If food processing is defined to include all treatments of a food-
stuff from the place of origin to the point of consumption, then
more than 95% of our food is processed.

This book is concerned with the nutritional effects of the process-
ing of foods as they proceed from garden to gullet. Most foodstuffs
are not fully acceptable and must be trimmed and cooked to make
them more palatable and nutritious. Some foods are contaminated
with microorganisms and insects and must be treated to make them
safe and acceptable. Most foodstuffs are not stable and must be
milled, pasteurized, canned, refrigerated, frozen, dehydrated, and
packaged so that they may be stored and transported to urban and
suburban areas where most consumers work and live.

Approximately four dozen nutrients (amino acids, minerals, vita-
mins, calories) are required in human nutrition. These nutrients are
present in a wide variety of foods. Because they are unequally dis-
tributed in various plant and animal tissues, and because they are un-
equally sensitive to temperature, light, air, etc., the losses in nutrients
resulting from processing vary according to the type of food, process,
time, and nutrient involved.

Food processing is essential if 2 population is to be fed. In most
cases food processing causes a reduction of the nutritional value of a
food. As a result of advances in the science of food and nutrition,
the adverse effects of processing which formerly were unconscious
are now becoming conscious. As we study the consequences of our
actions, we should correct them. As we introduce new methods of
processing, we should try to be aware of their consequences. The
main purpose of this book is to evaluate the known effects of pro-
cessing upon the nutritional values of foods, and to indicate how <cer-
tain processing procedures may be altered to minimize losses in nutri-
tional value.

It is with deep regret that I must record the death of the co-editor,
Mr. von Loesecke, while this book was in preparation. It is a tragedy
that the life of this able scientist and genuine friend has ended so
prematurely.

I take this occasion to give abundant thanks to the authors who
contributed to this book.

ROBERT S. HARRIS
February, 1960
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SECTION |

Introduction

CHAPTER 1

General Discussion on the Stability of

Robert S. Harris .
Nutrients

Nutrients are destroyed when foods are processed largely because
they are sensitive to the pH of the solvent, to oxygen, light and heat,
or combinations of these. Trace elements (especially copper and iron)
and enzymes may catalyze these effects.

In Table 1.1 are tabulated the relative stabilities of the vitamins
and amino acids under these various conditions. Vitamin A is stable
under an inert atmosphere but rapidly loses activity when heated in
the presence of oxygen, especially at higher temperatures. It is com-
pletely destroyed when oxidized or dehydrogenated. It is more sen-
sitive to ultraviolet than to other wavelengths of light.

Ascorbic acid is fairly stable in acid solution and decomposes in
light, and this decomposition is greatly accelerated in the presence of
alkalies, oxygen, copper, and iron.

A 50% loss in biotin occurs when it is boiled for 6 hr in 30% hydro-
chloric acid or for 17 hr in 1 Normal potassium hydroxide, yet it is
relatively stable in air and oxygen or when exposed to ultraviolet
light. It is inactivated by agents which oxidize the sulfur atom, and

.by strong acids and alkalies.

Essential fatty acids isomerize when heated in alkali and are sensi-
tive to light, temperature, and oxygen. When oxidized, they become
inactive biologically and may even be toxic.

The stability of vitamin D is influenced by the solvent in which it is
dissolved, but it is stable when crystals are stored in amber glass
bottles. Generally, it is stable to heat, acids, and oxygen. It is slowly
destroyed in foods and feeds which are slightly alkaline, especially in
the presence of air and light.

The folic acid group is stable during boiling at pH 8 for 30 min, yet
large losses occur during autoclaving in acids and alkalies. This de-
struction is accelerated by oxygen and light.

Inositol is stable during refluxing in strong hydrochloric acid or po-
tassium hydroxide. It occurs in plants mainly in the form of phytic

1



2 NUTRITIONAL EVALUATION OF FOOD PROCESSING

acid salts, and as plant and animal phosphoinositides. These coin-
plexes are broken down by phosphatases and similar enzymes. The
free inositol has the highest biological value.

Vitamin K is stable to heat and reducing agents, and is labile to al-
coholic alkali, oxidizing agents, strong acids, and light.

Niacin amide is partially hydrolyzed by acid and alkali, yet the re-
sulting niacin has the same biological activity. Niacin is generally
stable to air, light, heat, acids, and alkalies.

Pantothenic acid is most stable at pH 5.5-7.0, is rapidly hydro-
lyzed under stronger acid or alkaline conditions, and is labile to dry
heat, hot acid, or hot alkalies.

p-Amino benzoic acid is only slightly destroyed by autoclaving in
6N sulfuric acid for 1 hr, is fairly stable in mild alkali, but is unstable
in strong alkali.

Vitamin B-12 (cobalamin, etc.,) is stable to heat in neutral solution
if pure, but is destroyed when heated in alkaline or acid media in
crude preparations, as in foodstuffs. CHoline is strongly alkaline and
is slightly unstable in solutions i the presence of oxygen.

The vitamin B-6 group contains pyridoxine, pyridoxal, and pyri-
doxamine. Pyridoxine is stable to heat, strong alkali or acid but is
sensitive to light, especially ultraviolet light, and when in alkaline
solutions. Pyridoxal and pyridoxamine are rapidly destroyed by ex-
posure to air, heat, and light. All three are sensitive to ultraviolet
light when in neutral or alkaline solution. Pyridoxamine in foods is
sensitive to processing.

Riboflavin is very sensitive to light, and the rate of destruction in-
creases as the pH and temperature increase. Thus, the riboflavin of
milk is rapidly lost (50% in 2 hr) on exposure to sunlight, and the
resulting derivative (lumiflavin) in turn desh'oys the ascorbic acid in
milk. It is stable to heat if in dry form or in an acid medium.

Thiamin suffers no destruction when boiled in acid for several
hours, yet the loss approaches 100% when boiled at pH 9 for 20
min. It is unstable in air, especially at higher pH values, and is
destroyed by autoclaving, sulfites, and alkalies.

The tocopherols are stable to vigorous boiling in acid in the ab-
sence of oxygen and are stable to visible light. They are unstable at
room temperature in the presence of oxygen, alkalies, ferric salts,
and when exposed to ultraviolet light. Considerable loss of tocoph-
erols occurs in the oxidation of fats and in deep-fat frying due pri-
marily to destruction by chemically active fatty acid derivatives
formed*in the fats during heating and oxidation. The esters of to-
copherols are more stable than the free phenols.

Amino acids racemize in alkaline solutions, and the biological value
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TABLE 1.1

STABILITY OF NUTRIENTS

Effect of pH
Air
Neu- Alka- or Max
tral Acid line Oxy- Cooking *°
Nutrient pH7 <pH7 >pH7 gen Light Heat Losses
Vitamins %
Vitamin A S U ) U U U 40
Ascorbic acid (C) U S U U U U 100
Biotin S S S S S U 60
Carotene (pro-A) S U S U U U 30
Choline S S S U S S 5
Cobalamin (B-12) S S S U U S 10
Vitami.a D S U 8) U U 40
Folic acid U U ] U U U 100
Inositol S S S S S U 95
Vitamin K S U U S U S 5
Niacin (PP) S S S S S S 75
Pantothenic acid S U U S S U 50
p-Amino benzoic acid S S S U S S 5
Pyridoxine (B-6) S S S S U U 40
Riboflavin (B-2) S S U S U U 75
Thiamin (B-1) U S §) U S U 80
Tocopherol (E) S S S U U U 55
Essential amino acids
Isoleucine S S S S S S 10
Leucine S S S S S S 10
Lysine S S S S S U 40
Methionine S S S S S S 10
Phenylalanine S S S S S S 5
Threonine S U U S S U: 20
Tryptophan S U S S 8] S 15
Valine S S S S S S 10
Essential fatty acids S S U U U S 10
Mineral salts S ) S S S S 3

S = stable (no important destruction).
U = unstable (significant destruction).

of some is reduced as a result. Arginine, cystine, threonine and cys-
teine are partially destroyed, whereas glutamine and asparagine are
deaminized by alkalies. In acid solution, tryptophan is rather readily
destroyed, cysteine is partly converted to cystine, serine and threo-
nine are partly destroyed. Phenylalanine and threonine are partially
destroyed by ultraviolet light. All amino acids in foods, and es-
pecially lysine, threonine, and methionine, are sensitive to treatment
with dry heat and radiations. Thus, in the roasting and toasting of
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cereals, legumes, and prepared dry mixtures of foodstuffs a signifi-
cant reduction of the biological values of their proteins may occur.

Mineral salts are not significantly affected by these chemical and
physical treatments. Some may be oxidized to highﬁr valences by ex-
posure to oxygen, but there is no convincing évidence that their nu-
tritional value is affected.

In Table 1.1 are also given the limits of losses of these nutrients
when the average food is cooked. More complete data on the losses
of several of these nutrients in specific foods during cooking are pre-
sented in Chap. 16 and 17.



CHAPTER 2

The Major Food Groups and Their Nutrient
Content

Endel Karmas

Nutrients are the building blocks of the human body. Nutrients
are needed for growth, to maintain and repair the body tissues, to
regulate body processes, and to furnish energy for the body’s
functions.

The nutrients that must be supplied in the daily food to keep man
in good health belong to the groups of proteins, fats, and carbo-
hydrates, the macronutrients; and vitamins and minerals, the micro-
nutrients. Water is also an essential part of good nutrition.

More than 50 essential nutrients have been identified, and the
identification of other nutrients is not yet complete. All these essen-
tial nutrients must be present in appropriate quantities to have bal-
anced nutrition. Thus, the nutrient composition of a food is de-
scribed in terms of its content of proteins, amino acids, fats, fatty
acids, carbohydrates, vitamins, mineral salts, and water.

Man acquires his essential nutrients from foods obtained from the
plant and animal world. The biochemistry of plants, animals, and
man have much in common. Therefore, man requires much the same
nutritional building blocks as those contained in plants and animals.

Figure 2.1 illustrates the biochemistry cycle of natural’ foods.
Growing foods and harvesting foods belong to the realm of the agri-
cultural sciences and technology. The sun’s energy combines carbon
dioxide, water, and soil nutrients to produce the so-called first-stage
foods as related to harvesting. These are the foods of plant origin:
various vegetables, fruits, seeds, tubers, etc. Foods of animal origin
are obtained mostly from herbivorous animals. For instance, domes-
tic animals providing red meat to man are mostly herbivores. This is
the second stage of man’s foods. And finally, the third-stage foods,
such as eggs and milk, are produced by the animals.

Natural foods from all three stages may be manufactured into
other processed products within that stage. For example, a textur-
ized soy protein still belongs to the vegetable proteins, and cheese is
a milk product. It is interesting to note that proteins increase in nu-
tritive value as the amino acids from the first-stage proteins are re-
assembled to the second- and further to the third-stage proteins
(compare the data from National Academy of Sciences—National
Research Council 1963).
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AGRICULTURAL SCIENCES AND TECHNOLOGY

GROWING HARVESTING

1ST STAGE 2ND STAGE 3RD STAGE
00DS FOODS FOODS

CO, * H,0 « NUTRIENTS + ENERGY —— + +
VEGFI%IT.‘\TBSLES MEAT EGGS

POULTRY MILK
GRAINS FISH
CONSUMPTION-NUTRITION PROCESSING-PRESERVATION

NUTRITION - FOOD SCIENCE AND TECHNOLOGY

FI1G. 2.1. THE RELATIONSHIPS BETWEEN THE VARIOUS LIFE SCIENCES
AND THE CHEMISTRY CYCLE OF NATURAL FOODS

W

Natural foods are biological systems which spoil rapidly after
harvest. Since man’s need for food and his food harvests usually do
not occur simultaneously, foods have to be preserved through pro-
cessing. At times of hunger, man consumes his preserved food and
starts the reverse of photosynthesis to release free energy and to ob-
tain the essential nutrients for his biochemical needs. According to
Nobel-laureate Albert Szent-Gyorgyi (1966), one of the basic prin-
ciples of life that free energy can be preserved and stored in a food-
stuff molecule and utilized when necessary.

Figure 2.1 also emphasizes the important relationship between the
nutrient value of foods and food processing. Various foods serve as
carriers for nutrients. Changes in nutrient levels of foods with
respect to processing times and intensity are the discrete variables.
The fields of nutrition as well as food science and technology deal
with changes in these variables. This volume in particular concerns
itself with nutritional evaluation of food processing.

Detailed data on food consumption in the United States are avail-
able from government sources (U.S. Dept. of Agr. 1974). Table 2.1
summarizes the per capita consumption of major food commodities
in 1974. Foods of plant origin and foods of animal origin share
about equally in American nutrition, totaling 85% of all the foods by
weight. The total average per capita consumption of food in 1974
was estimated 1362 lb, which is equal to about 9 times the weight
of an average man.

The available nutrient composition of natural foods in the diet in



