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Foreword

Human beings suffer from several kinds of malnutrition. They can be
harmed by eating too hittle food, or too much food, or by the wrong amounts
or balance of particular elements in their diets. These types of malnutrition
are found in all countries, undernounishment 1s particularly widespread n the
developing countnes, while other kinds of malnutrition mvolving obesity and
related problems are promment n the more affluent industralized countries,
Contributing to the extent of malnutrition 1s the absence or weakness of
polictes and programs to foster the best use of avatlable food supplies; this is
true on both a national and mstitutional basis In developing and developed
countriecs altke, governments, institutions, private organizations, food
producers, advertisers, and individuals continually make decisions that affect
nutritional status on the basis of less than adequate knowledge of nutritional
consequences

Numition, Food, and Man has been prepared by a group of outstanding
authortties 1n the field of nutrition to examine a number of questions
currently in the forefront of research into nutrition, malnutrition, and the
problems of food distribution in the world of the late twentieth century The
volume begins with an introductory survey by co-editor Paul B Pearson, an
old friend and former President of the Nutrition Foundation, which reviews
the world food situation, mdicates the relationships between malnutrition
and discase, and outhnes future prospects

In the developing countries malnutrition causes mullions of premature
deaths each year In some societics, 40 percent of children die before they
reach the age of five, mostly from nutrition-related causes A substantial
proportion of the survivors suffer handicaps of learning, behavior, and work
capacity because of inadequate diets and recurring illness Derrick B. Jelliffe
and E.F Patrice Jellitfe address the cultural, biological, and programmatic
considerations of nfant nutrition 1n developing countries, with special
emphasis on the unportance of breast feeding as opposed to artificial feeding,
Drs Otto Sieber and Glenn Lippman have contrbuted a chapter on the
relationships between nutritional status and 1esistance to infectious disecases.
Minam Muffoz de Chaves discusses the severe socioeconomic problems
brought about by malnutrition n developing countries, using Mexican studies
of physical and mental development as her focus. Ms Chaves, who was
Director of the Department of Nutntional Education in Meaico’s National
Nutrition Institute between 1964 and 1977, also analyzes national nutrition
policies in Mexico The results of longitudinal studies of the lasting effects of
malnutrition on children’s neurological development and learning are

[x1]
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discussed by another Mexican authonty, Joaquin Cravioto, M.D., Scientific
Director of the National institute of Child Health Sciences in Mextco City.
Since the 1920, the questions of what nutrients are required by man and
in what amounts have been laigely answered Research today n agnculture,
nutrition, public health, and other disciplines, 1s attempting to meet the
challenge of world nutrition needs m a variety of ways, mcluding the
developnient of new food substances and new methods of enriching diets
Willham Stin’s chapter on “Human Adaptability to Nutritional Stress™ takes
an cevolutionary approach m discussing the wide vartety of foods humans eat,
the hnmts of nutntional stress tolerance. and the question of adult starvation,
Programs to fortily various foods by enrichment with supplements are
exanuned by Stan'ey N Gershotf, who shows how httle s really known
about the etfectiveness of such attempts The outlook for new protein
resources by Drs Milner, Scrimshaw, and Wang examumes the research
being done 1 developmg a wide variety of new kinds of tood to supply
protem to the world Facters which may affect the aceeptability of these new
proteins — the relationshup between taste and food preferences, food quality,
food digestion, and the modification of basic tastes  are discussed in the
chapter by Joseph Brand, Morley Kare, and Michael Naim
Although nutnitional requirements need to be determined more precisely
and the classification and evaluation of new essential nutrients and nutrient
sources must be continued, 1t 1s clear that the major and much more complex
problems we now face are cconomie, political, behavioral, environmental, and
educational  The development of national and world food and nutrition
policies 1s a complex but vital process Georg Borgstrom 1s critical of e; .sting
policies and measures i his exammation of the disparity between the rapidly
expandmg world population and future potential food resources Dors
Calloway discusses the development and accuracy of the current standards for
human protemn requirements, the controversy regarding the existence of a
“protein gap” or a “calonic gap” between nations, and the setting of
priontties The final chapter by Gail Harnison appropriately addresses the
nutrition policies which governments should adopt n attempting to forestall
or alleviate future food crises
I'recommend this volume highly for its intensely interesting and perceptive
treatment of the complex array of problems the world faces n delivering
adequate, nutritious food to every person, evely day,
Herbert E Carter
Head, Department of Biochemistry
The University of Arizona

Former Chairman, National Science Board
National Science Foundation, Washington, D C,



Editors’ Note

Interest m nutrition has increased cnormously since the 1950s, both at the
popular level and at the rescarch level. We beheve this book will help to
bridge the gap between the latest research findings on the topic and the
public understanding of the nutntional sciences. We have been very fortunate
n bringing together the wntings of some of the most distingwished research
teaders and educators i nutntion mto one volume, a volume which we
believe will be useful to the public, to students, and to professionals and
paraprofessionals for many years to come

The seeds of tlis volume ongmated in an Inter lisciphinary Seminar Series
on Nutrition held at the Umversity of Arizona i the fal! of 1977 The papers
from that semunar series have been greatly edited, and in some cases
expanded, to produce a well-rounded, comprehensive volume on the siate of
the art n nutnition We thank all the authors for their efforts and for their
patience

We would also like to thank all those at the University of Anizona who
have assisted and supported us in the preparation of this volume. Qur
particular thanks go to Biochemistry Department Head Herbert E, Carter,
who has been our guiding hight since the volime’s inception, to Jack D,
Johnson, Director of the Office of Arid Lands Studies, and to W. Gerald
Matlock, Director of International Agricultural Programs, for striving hard to
make this volume a reality Thanks are also due to A Richard Kassander,
Vice President for Research, for financial support, and to Mary Gretchen
Limper, who provided mvaluable editorial assistance

We would also like to express our appreciatron to The Unwversity of
Arnzona Press, in particular to Ehzabeth Shaw, Assistant Director and
Editorial Coordinator, and Marshall Townsend, Director, for advice and
assistance beyond the call of duty as publishers

Paul B. Pearson
J. Richard Greenwell
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World Nutrition: An Overview

Paul B. Pearson

The “world food crisis” became headline news in the 1970’s and the
concern of governments in countries throughout the world, The global
demand for food often excceded available supplies, while reserves were
reduced to a dangerously low level Food prices rose as never before
Disruptions m food supplies and commercial markets fueled public anxiety
and concern Nutrition ts one of the maimn deternunants of health, now
recognized as one of the rights of mankind The problem of malnutrition is
comprised of numerous comnponents (Eckholm and Record, 1976), some only
recognized within the 1970, some known for centuries, but all interrelated.

Malnutrition afflicts a far larger proportion of mankind than any other
malady or discase It 1s a chronic condition which seems to be getting more
pievalent rather than dechining m ma./ areas of the world Long term
corrective and preventive actions and contributions from many disciplines
will be required in meetng this problem These actions must necessarily
mvolve a variety of areas, including agricultural practices and economic and
social policies

The fundamental responsibility of any society should be to nsure the
well-being of all of its members, inciuding the msurance of the right to
adequate nutrition The presence of malnutrition 1n any country or society,
then, reflects the failure of that society to meet the fundamental needs of its
people Virtually no country has fully met the needs. Malnutrition, 1n one
form or another, exists m varying degrees 1n practically every affluent,
industrialized, and developing country n the world

The magnitude of the problem becomes more obvious when one considers
that, according to the International Food Policy Research Institute (IFPRI)
(Gavan, 1977), 1.2 to 1.3 billion people were charactenized as undernourished
In 1975 Most of these were 1n low-income Asian and sub-Saharan countres,
where 70 percent of the population 1s considered undernounished It is very
likely that half of the ncople alive m the 1970’ at some time in their lives
went through a period or inadequate nutrition

The primary geographic areas of malnutrition include Central America,
most of tropical South America, most of Africa, much of the Near East, and
the sruinern portion of mamland Asia. It 1s significant that the high
prevalence of malnutrition tends to be concentrated n the tropical or
semi-tropical regions of the world. A look at figure 1.1 shows, as would be

(1



2 PAUL B. PEARSON

expected, that the food deficit regions in the world (Wortman, 1976) cover
essentially the same arcas as do the regions of malnutrition. These are also the

low-income regions of the world,
Infants, children, and pregnant and lactating women are most vulnerable

to the adverse effects of malnutnition, these groups tend to have higher
requirements for many essential nutrients. At the same time, many of them
are the ones least able to provide for their own needs Asindicated mn figure
1.2, infant and cluld mortality run high 1n those countries with food deficits
and are highly correlated with low per capita income and with dliteracy The
rate of mortality in clildren from birth to one year 1n the developing
countries may be 20 to 40 times that in the developed countries (Bouvier and
van der Tak, 1976)

INFANT MORTALITY RATES IN SELECTED COUNTRIES
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In many of the developing countries, the poorest 20 percent of the
population has only half the per capita calorie intake of the top 10 percent.
Low-income groups nvariably consist of a high proportion of uneducated
people of relatively low social status. Many of their children die at an early
age from discase and malnutrition. The surviving cluldren suffer from chronic
malnutntion, internal parasites, recurrent bouts of diarrhea, and nfectious
diseases. Both their physical growth and mental development are impaired.
Consequently, their capacity for learning and achieving an education 1s
limited. Their work performance or earning capacity as they grov to maturity
is further reduced by continued inadequate nutrition. They become parents



World Nutrition: An Overview 3

at an early age, and their children are almost inevitably destined to follow the
same vicious cycle. On the other hand, the affluent sections of the population
tend to have well-nounished and healthy children who are able to take
advantage of the superio: <2vcational opportunities they are afforded.

In the developing countries, - ighest prionty should be given to alleviating
protein-caloric malnutrition, « .cmias, xerophthalmia, and endemic goiter.
These common nutitional maladies affect a large proportion of the
population 1n these countries

Nutritionally, the most precarious peried 1n the life of the cluld is the
period of transition from breast feeding to a diet of semi-solid and solid
foods In tlis period, children are likely to have diets that do not provide
adequate proten, and the protein coming primarily or entirely from cereals
and other plant foods will be low in one or more essential amino acids, This 1s
at a time when the fast-growing child has exceptionally lhigh protein
requirements The foods that are available are usually high 1n carbohydrates
and low 1n protein because these are the least expensive

The increasing tendency 1n developing countries for mothers not to breast
feed their infants 15 a major factor contributing to the high mortality of
intants during the first year of hfe Improved economic conditions discourage
breast feeding. There are more opportunitics for the mothers to work, leaving
the nfant at home to be cared for by an older sister, grandmother, or other
relative Inevitably, this means bottle feeding, wath a greatly increased risk for
the infant. Chile, which had an infant death rate of 123 per 1000 hve births
in the late1960’s, 1s representative of this situatton This rate was much higher
than 1t was two or three decades previously, when there was far less
opportuntty for the mother to be employed away from home In many cases,
the family cannot atford to purchase adequate amounts of formula foods,
which may require 30 to 50 percent of their cash Income, and because of
1gnorance and lack of facilities, the formula food will be reconstituted with
contanunated water and in unsterihzed bottles. Without refrigeration, this
provides an 1deal medwum for the growth of micro-organisms, which can be
the cause of severe, recurring, and often fatal diarrhea

The Inter-American Investigation of Mortality in Childhood (Puffer and
Serrano, 1973) found that eight percent of deaths in children six months to
two years of age had malnutnition as the underlying or main causes and 41
percent had 1t as an associated cause.

Xerophthalmia, caused by a defictency of vitamin A, affects the eyes,
impairing vision, and ultimately results in blindness. It is prevalent in regions
with long, dry seasons during which there 15 likely to be a scarcity of common
sources of provitamin A, namely, green leafy and yellow vegetables and
yellow fruit. In some major regions of the world xerophthalmia due to lack of
vitamin A is so common that it 1s considered 4 serious public health problem.
While vitamin A deficiency may become apparent at any age, it occurs most
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frequently after weaning and 1hrough the third and fourth years of life,

Anemia, due to an iron deficiency, 1s widespread, especially among
pregnant and lactating women, and 1s found n children of all regions,
including even the developed countries In temperate zones, 20 to 30 percent
of pregnant women may be anemic, and the frequency of anemia may be as
much as 40 percent for infants 1 the first year of life. In tropical areas,
parasitic infestations and the poor availabihity of dictary ron contribute to
the high prevalence of anemua Anemia reduces the oxygen-carrying capacity
ot the blood, thereby decreasing the supply of oxygen to the tissues, and in
turn impairing work capacity.

Endemuc goiter, due to a lack of 10dime n the diet, has been reported from
all continents It occurs m all high mountain ranges the Alps, the Andes, the
Himalayas, the Rocky Mountains This disease can be ehnunated in a
dramatic way by supplying munute quantities of 1odine The most feasible
means of doing so 15 by adding 10dine or wdates to ordimnary table salt at the
rate of 1 part to between 25,000 and 50,000 parts of salt.

The dramatic reduction of goiter in Colombia by the introduction of
1odized salt mn 1950 1s shown in figure 13 Thi- action was not taken until
more than a hundred years after Boussmgault, ar. ad French chenust, found
that salt from the ocean was high m 10dine, whereas salt from the mountain
arcas was low. On the basts of this observation, Boussingault recommended to
the government of Colombia at the time that ocean salt be used rather than
that from the salt mines in the Andes,
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The above-mentioned nutritional problems are, for the most part, the
result of unavailability of the foods that provide adequate quantities of the
nutrients essential for good health. This 1s not to imply that serious
nutritional problems affecting the health of the ndividual do not occur in
affluent countries with food surpluses as well.,

In the developed countries, obesity is 2 serious public health problem. It 1s
a reflection of an affluent society that consumes too much food with dietary
patterns not necessanly conducive to good health over the hfe span. Obesity
1s associated with the nisk of increased morbidity and mortality (Angel,
1974) Al cardiovascular discases together, including heart attacks, strokes,
arterial diseases, and others, account for about one-half of adult deaths in
developed countries Ischemic heart disease accounts for one in every three
deaths 1n the U S., clamnung annually some 700,000 lives. The World Health
Organization (WHO) data for 18 Western countries reveal an increase of 50
percent 1n the incidence of coronary heart disease between 1950 and 1968
for persons aged 35 to 44 years Since 1950, 1t has been recognized that signs
of atherosclerosis may appear in teenagers as well as in the middle aged 1n the
US Thus, 1t appears that faulty diet at a farly carly age may be a
contributing factor to cardiovascular disease i later life Studies suggest that
bottle fed babies are more prone to be obese and to develop into obese
children than are babies that are breast fed

Dental caries, which are definitely related to dictary patterns, are another
widespread public health problem. They are more prevalent in developed
countries than n some of the developing ones The cariogenic nature of
sucrose and other free sugars, i catrast to starch, has been known for some
time There 1s a lugh correlation between the amount of sucrose consumed
and the incidence of dental caries When the intake of sucrose 1s restricted, as
occurred during World War Il 1in Europe, there 1s a corresponding decrease 1n
dental caries 1n clildren,

Evidence has also been accumulating that nutrition and dictary patterns
are factors in the etiology of some types of cancer In fact, during the 1970°s
this was one of the active areas of cancer research.

There are gross differences in the composition of dicts of populations 1n
the affluent developed countries and 1n the developing food deficit countries
(Beaton and Bengoa, 1976). Low-income diets in all countries are
characterized by a lugh proportion of carbohydrates, low fat, low amimal
protein, and low total protemn of relatively low quality. In the developed
countries, there has been, since 1950, an ncrease in the consumption of
animal foods, associated with lugher incomes. This trend 1s also occurring in
the developing countries, and 1s already well estabhshed within the higher
income segent of the population 1n these countries.

Average consumption of meats, including poultry, in the U.S., Australia,
and Argentina leveled off in the 1970’ at close to 250 pounds (carcass
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weight) annually per capita. In contrast, Japan’s per capita intake of 44
pounds, exclusive of fish, in 1974 was an increase of more than 425 percent
over its 1961 intake, while the average meat consumption in many developing
countries was below 20 pounds annually

In the developing countrics, cereals and tubers provide the main
constituents of the diet, and are consumed directly In the US and Canada,
over 900 of the 1000 kilograms of cereals avaiiable per person, or 90 percent,
1s used for ammal production, with the percentages only shightly lower for
such countries as France and Germany In contrast, in China, of each 250
kilograms of cereal available per person, 160 are used directly as bread, rice,
or other grain-tased foods The trend toward higher converston of graim to
animal products 1s likely to be extended as countrics improve their economic
status, thus putting additional pressure on food supply.

Farm animals utihzmg plant protens formulated into balanced rations are
relatively mefficient i converting plant proteins nto ammal proteins
Estimates indicate that one acre of productive land will provide man’s protein
needs for only 77 days in the form of beet, as milk 236 days, as rice 654
days, as corn meal 773 days, and as soybean protein as much as 2224 days
Poultry, 1n the form of eggs, 1s the most efficient converter of plant protein
and energy to cdible animal forms of these nutrients (26 percent), whereas
beef catile and sheep convert less than 4 percent to ammal protein and energy
(Janick, Noller, and Rhykerd, 1976) However, smce cattle and sheep can
consume roughage and forages that are not edible to man, they are not
competing with humans for plant protems until the animals are moved nto
the feed lot

In general, there 1s a ligh correlation between the rate of population
increase, the per capita GNP, and the extent of malnutnition n a soctlety
(World Population Data Sheet, 1978) Countries with the highest fant and
child mortality have high birth rates and low per capita GNP The crux of the
problem 1s a rapidly increasing population n most developing countries, due
partly to the success of programs to eliminate communicable diseases,
without equal increases n food avallabihty The birth rate m the less
developed countries where malnutrition 1s prevalent, has remamed high
(table 1 1), while the death rate has decreased and hfe expectancy increased.
Consequently, there has been a rapid increase i the rate of growth of the
population n these countriea

Robert S McNamara, President of the Werld Bank, speaking at the
Massachusetts Institute of Technology i 1977, stated *Short of nuclear war
itself, population growth 1s the greatest 1ssue the world faces over the decades
immediately ahead Indeed, in many ways, rampant population growth 1s an
even more dangerous and subtic threat to the world than thermonuclear war,
for 1t 15 intrmsically less subject to rational safeguards, and less amenable to
organized control” (McNamara, 1977). The population growth of the planet
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Table 1.1
POPULATION GROWTH and GROSS NATIONAL PRODUCT
GNP
Rate of Annual Years to Per Capita
Country Population Growth (%) Double (US.$)
Egypt 2.5 4] 280
Ghana 29 24 580
Liberia 29 24 610
Niger 2.7 26 340
Kenya 33 21 240
Uganda 3.0 23 240
Cameroon 20 35 290
Iraq 34 20 1,390
Israel 2.1 33 3,920
Turkey 2.3 30 990
Bangladesh 2.7 26 110
Pakistan 3.0 23 170
Philippines 2.5 28 410
Japan 1.0 69 4,910
China 14 50 410
u.s 0.6 116 7,510
Canada 0.9 77 7,890
Mexico 34 20 1,090
Cuba 1.5 46 860
Dominican Republic 3.0 23 780
Argentina 1.3 53 1,550
Colombia 24 29 630
Denmark 0.2 347 7,450
Ireland 1.1 63 2,560
Sweden 0.1 693 8,670
United Kingdom 0.0 - 4,020

(Data from 1978 World Population Data Sheet of the Fopulation Reference Bureau, Inc )

is not under the exclusive control of a few governments, but rather in the
hands of literally hundreds of mullions of individual parents who will
ultimately determine the outcome The population problem 1s the central
determinant of mankind’s future. For the first 99 percent of man’s existence,
population grew very slowly For the last one percent of his hustory 1t has
grown 1n a great rush. It took mankind more than a mitlion years to reach a
world population of one billion At the annual growth rate recorded n the
1970°s of about two percent per year, the fifth billion could be added by
1990.
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The key to the future of mankind 1s the extent to which we succeed In
bringing 1nto balance food production and population Means of increasing
world food production and production per unit of land are avatlable with
strking demonstrations of success The abihity of China to produce enough
food for tts more than 800 million people on 11 percent of its total available
land 1s an impressive example 1t should be noted that the land mass of China
exceeds that of the US| including Alaskha and Hawan, by only about 25
percent Malnutrition was rite m China m 1930, but 1t had been practically
elimnated, even though the per capita mcome was still relatively low, by the
end of the 1970

The factors attecting reduction of human terulity are extremely complex
It appears Likely that there are a number of key linkages between fertility
reduction and certan speaitie elements of socio-cconomic development The
factors that appear to be the most mportant are health, education, broadly
distnbuted  cconomic growth, urbanization, and the enhanced status of
women Wiile these tactors are at work varying degiees in the developing
world, their eftect 15 too slow to meet the mpending food-population
Jlemma

Food production trom 1960 to 1975 increased m both the developed and
the developing countries at simtlar rates It does not follow that the
nutrittonal status ot peaples m the developing areas improved significantly
(Wortman, 1976) This increased tood production was largely nullified by the
rapid population growth, resulting n virtually no per capita merease in food
avatlabiity  The projected future tood defiut n terms of cereals, as
calculated by the International food Policy Research Institute, is shown m
figure 1 4

If the people of the developing countries are to be ted, the food will have
to come trom their own sotl The surplus tood production of a few exporting
countries cannot be counted on over 4 long period Furthermore, even over
shorter peniods, the developmg countries do not have funds for the
importation ot food year atter year Most of the developing countries are
better endowed tor aencultural development than for any other kind of
economie advance, and could signihicantly increase food yrelds per acre, and
also could extend the area of cultivated land to the extent of satistying the
food needs of then population (Hopper, 1976) The chalienge before the
developed countries 1s 1o assist the developing countries in utilizing and
modernizing their resources so as to bring nto balance tood production and
population
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Breast Feeding And Infant Nutrition
In Developing Countries

Derrick B. Jelliffe and E. F. Patrice Jelliffe

Infant feeding can best be understood as a nutritional, psychological, and
biological mnteraction 1n which mother and offspring are mutually affected
(Jelliffe & Jelhffe, 1978) It may be helpful to consider infant nutrition in
terms of the carly developmental stages of the human organism as classified
by Bostoch (19G2) — that 1s, the fetus, the extero-gestate fetus (up to six or
nine months postnatally), and the transitional (nine months to two or three
years) An understanding of breast feeding and the mfant’s nutritional needs
at each of these stages 1s important 1f effective incasures against malnutrition
in children of this age range are to be implemented

The Fetus

Nutrition research endorses the truth of the old saying that “infant feeding
begins 1n the uterus ™ Maternal nutrition prior to delivery affects the birth
weight of the fetus and the levels of fetal stores of nutrients, A fecble, low
birth weight baby starts a nutrittonally - hazardous hfe alrecady at a
disadvantage, with madequate nutrient stores and probably deficient sucking
vigor. In addition, the mother must lay down adequate lactation rescrves
during pregnancy, m the form of some 4 kilograms of subcutaneous fat,
necded as a major source of calories and fatty acids for subsequent breast
rilk production

Iu the developing countries, the level of maternal nutnition 1s affected by
the cumulative impact of repeated reproductive cycles, often negatively
compounded by hard work. Customs and practices n many cultures
regulating the foods taken in pregnancy not infrequently hmit the diet, often
with a view to producing a small baby in the hope of an casier delvery. Such
syndromes of “maternal depletion” (Berg, 1973), specific or general, are
significant factors in unnecessary mortality in pregnancy and childbarth.

The Newborn

A great range of practices may be followed during childbirth in various
cultures, many of significance to the well-being of both newborn and mother.
For example, the time the umbilical cord 1s tied 1s of importance to the
infant’s iron stores.

[11]
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The method m which the baby is put to the breast and the attitude
towards colostrum (the mother’s first nulk secretion) are related to the ease
(or otherwise) of initiation of lactation The newborn is usually put to the
breast very soon after delivery, and remains and sleeps by the mother’s side.
Colostrum 1s often regarded as important, and frequently 1s considered to
have laxative propertics However, n a fev communities, such as parts of
northern Pakistan, colostrum was once considered to be poisonous and was
expressed and discarded In this situation, the newborn may be fed for a few
days by a lactating relative or wet nurse, or given gruels, which often lead to
potentially dangerous diarrhea In parts of Malaysia, mashed 1pe banana 1s
fed to the breast-fed baby n the first days of Life. Such *pre-lacteal feeds” are
undertaken, n purt, to “clean out” the meconum (the first fecal discharge by
the newboin)

Culturally acceptable alternative sources of human nulk when mothers die
m childbirth have ncluded lactating relatives, induced lactation, and
employment of wet nurses. For example, among the Yoruba of Nigena, a
techmque of mducing lactation was carnied out using herbal remedices,
massage to the breasts, and frequent sitckhing Occasionally, if the mother died
in childbirth, the situation of a newborn mfant deprived of mother’s milk
(with no alternative source available) was considered hopeless in traditional
communities, thus, the practice of burymng the baby with the mother,

Breast Fecding

Breast mulk was (and 1s) the bulwark of mfant feeding for the
extero-gestate fetus (especially the neonate) n non-Western cultures, Breast
feeding 1s imperative 1f the survival of the baby 1s to be ensured

Many cultures have varwous techmques and pieparations, religious
ceremonies, and ntuals ntended to stmulate the flow of breast mlk,
espectally for .he firstborn Little scientific work has been undertaken in this
matter These methods often scem to be based on “sympathetic magic,” with
the use of nulk-like substances or charms depicting large breasts (such as the
Venus of Willendorf amulets), thereby reassuring the mother and enhancing
the let-down reflex For example, n ancient Polynesian Hawau, prayers were
made to the gods Ku and Hina, while strands of freshly plucked vine, dripping
with nulky sap, were hung on either side of the woman’s chest Although
pharmacological c¢ffects may sometimes be responsible, 1t seems more likely
that these procedures are more often confidence-inducing procedures — 1n
modern parlance, reinforcers of the let-down reflex

Traditional and modern dairy farmers have long known of the let-down
reflex, appreciated only more recently by nutritionists as the psychosomatic
key to the failure or success of breast feeding. The failure of the
sophusticated, well-to-do urbamite with no knowledge and much apprehen-
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ston, and of the shanty-town mother with the environmental psychosocial
stress of her gnim hfe, are both based n part on emotional interference with
the let-down reflex (Jelffe and Jelliffe, 1978). Conversely, the doula, or
female assistant, 1s an active figure 1n pregnancy, childbirth, and the
puerpertum in soctal mammals (such as the dolphins) and n traditional
human cultures (Raphael, 1973) She supplies physical and emotional support
and 1nformation, and, above all, generates confidence A dowula effect 1s the
reason for the success of spontancous modern women'’s groups concerncd
with breast feeding such as the La Leche League International (LLLI) 1n the
United States, the Nursing Mothers Association of Australia (NMAA), and
Ammenhjelpen m Norway They supply mformation and individual and
group support through experienced mothers, and are, in fact, doula-
surrogates

Modern endocrinological research has also clanified the role of the
prolactin reflex in successful breast feeding It 1s often not appreciated that
human prolactin was only 1solated as recently as 1971 by Hwang and
colleagues, who devised a method of radioimmunoassay (Hwang, Hardy, et al.,
1971} Their research has led to inuch new work, particularly confirming the
chnical observation that the greater the sucking stimulus — that 1s, the
number of feedings, the length of feedings, and the vigor of the baby — the
more milk secreted The suckiag stimulus directly affects prolactin secretion,
which m turn stimulates mulk production Studies have also shown that
prolactin plays multiple roles (Berg, 1973) inducmg milk secretion in the
mammary alveoh, promoting a water-conserving anti-diuretic effect in the
«idneys, suppressing ovulation 1 the ovaries (anovulatory lactation
amenorrhea), and, possibly, stimulating increased maternal behavior
(“motherhiness”) through the central nervous system.

In non-Western cultures, the mitiation and mamtenance of lactation 1s
usually successful and uncomplicated, close, continumg contact with the
mother facilitates feeding -+ any time, place, or position during both day and
night, thus ensuring maximal prolactin secretion Close mothering 1s made
casier 1in many cultures by traditional methods of baby-carrymng

Artificial feeding, usually for nfants without available breast mulk
(particularly 1f the mother died n childbirth) has been used occasionally
throughout lustory Because of the madequate nutritional composition of
such feedings, often dilute amimal milk or gruels, and associated diarrheal
disease, babies fed in this way usually died For example, in 1660 in England,
over half the “hand reared” babies died n infancy, and their deaths were
correctly labelled “died for want of breast nuilk By contrast, only one-fiftl
of breast-fed babies died

It 15 only 1n the past ten thousand years, following the domestication of
various milk amimals, that the possibility arose of using amimal mulk in infant
feeding. People 1n various parts of the world have used the milk of many
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domesticated animals, including the cow, goat, sheep, buffalo, camel, yak,
and the reindecr. Despite the fact that many different forms of feeding bowls
(or cups, or horns) have been found n various archacological sites, such forms
of artificial feeding of babies were, for hygienic reasons, never practicable as a
substitute for breast feeding.

The Extero-gestate Fetus

For the first six to nine months after birth, the baby can best be
considered as an extero-gestate, or external, fetus, with the breast taking the
place of the placenta In non-Western cultures, those babies who survive the
perils of birth trauma and neonatal nfection usually do well in this phase of
life on a diet of breast nulk Human mulk 1s adapted to the specific needs of
the neonate, particularly the charactenstically rapid growth of the bram, and
to protection agamst infection m the extero-gestate phase of life.

Despite this, infant mortality rates—that 1s, deaths during the first year of
lfe—have been exceedingly high in most developing countries These high
rates have been 1n large measure from disease due to environmental and
infective factors (such as respiratory infection, malana, and accidents),
together with infections and mjuries assoctated with the birth process (such as
tetanus, septicemia, and cerebral damage) Without breast feeding, infant
mortality in developing countries reaches almost 100 percent, as can be seen
in the extremely high mortality rate of artificially-fed babies 1n willage
ctrcumstances, or i o1phanages, even n the 1970's

Patterns of feeding the extero-gestate fetus changed i the third quarter of
the twenticth century, and new patterns of malnutrition are emerging
Shorter periods of adequacy of breast feeding appear to be becoming evident
in women in some poorly-nourtshed communities, perhaps especially in urban
slums. Infantile marasmus and diarrheal disease have increased as a result of
inadequate lactation n poorly nourished mothers and, n some areas, as the
side cffects of estrogen-contaming oral contraceptives contammating the
milk,

Conversely, i the developed countries, mfantile obesity, or “protein-
calorie malnutnition plus,” 1s becommng a public health problem, and
essentially 1s due to the practice of ““double feeding,” in which the baby 1s
bottle fed, with the volume ard concentration under the mother’s control,
and also reccives an unnecesarily early introduction of senu-sofid foods 1n
the first weeks of life Food allergy, particularly to cow’s milk proten, 1s a
nsing concern due to such feeding patterns (Jelhffe and Jelliffe, 1978) Also,
metabolic abnormalitics in the carly months of life, such as hypernatremia
and aminoacidemia, arc appearing.

Increasing industrialization n the developing countries, and the greater
opportunities for women to work outside the home 1n urban areas, have been
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accompanied by an increase in bottle feeding. Rapid alterations in feeding
behavior have been noted, for example, in Pakistani women who have
migrated to Britain. The main factors responsible are undoubtedly socal,
cultural, and economic influences on the parents’ attitudes and behavror in
relation to their new self-image The selection of hfe styles for new townsmen
1s much influenced by the example of the local elite, by the influence of
advertising, and by the methods and procedures of health services, The
example of Westerners living 1n developing countries, usually in cities, also
seems to endorse artificial feeding Breast feeding may be subconsciously
equated with old-fashionedness, prinutiveness and backwardness, while bottle
feeding symbolizes urban lfe and therefore everything which 1s modern,
scientific, and desirable.

The changing pattern of infant feeding in developing countries has led to
profound alteration n the picture of child health The main problems of
health m developing countries n both motheis and their young offspring are
related to three major factors nutntion, infection, and hazardous, excessive
pregnancies When breast feeding 1s replaced by the inadequate bottle feeding
found n developing countries, all of these factors are affected adversely, both
for biological and ecconomuc reasons nutnition deteriorates, infections
(particularly diarrheal disease) increase, and pregnancies become more
frequent, closely sp.ced, and hazardous, duc to the loss of contraceptive
protection afforded by lactation ainenorrhea

The size of the public health problems related to the availability (or
otherwise) of human mlk are huge, increasing, and almost completely
unappreciated All of the problems are worldwide, but are found in different
patterns and proportions in different countries For example, malnutrition
and diarrheal disease affect children n disadvantaged communities 1n the
developed countries, conversely, infantile obesity and cow’s milk allergy
affect the Westermzed ehite in newly developing nations

In developing countries, 1t has been estimated that 9 4 million cases of
severe protein-caloric malnutrition occur annually The total number of
infants suffening from kwashiorkor or from marasmus 1s not known.
Assuming conservatively that only half of these cases suffer from marasmus
related to bottle feedmg or to nadequate lactation, this means that 4.7
million children could be protected, wholly or 1n part, by breast feeding from
adequately fed mothers. The number of children with diarrhea associated
with bottle feeding in such countries 1s difficult to calculate. However, the
condition 1s common, and 1f a somewhat lugher figure (5 3 muillion) than for
marasmus 1s postulated, then the partial or complete protection of some 10
nullion infants may be available, simply by a return to breast feeding, With an
assumed 30 percent mortality, this would mean three million lives saved, and
with an arbitrary figure of one hundred U.S. dollars per child for trcatment, a
yearly expenditure of one billion dollars avoided.
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From a family planning point of view, lactation amenorrhea associated
with breast feeding currently affords 35 mullion couple-years protection
annually, according to Rosa (1976); this 1s more protection than that
achieved annually by technological contraceptives delivered through existing
fanuly planning services Further decline n breast feeding will tead to a loss
of this protection, an increase in burth rates, and the need for more funds and
facihities to ncrease fanuly planning services If the trend towzrd bottle
feeding 1n peri-urban areas of developing countries continues, 1t will lead to
additional population increases of about 20 percent

In an economic sense, Berg (1973) has calculated that 1f only one-fifth of
the mothers n urban areas in developing countries do not breast feed, this
represents a direct loss of 365 million dollars per year to tiese nations. What
1s more, thus figure has to be doubled, at least n theory, to account for a
sumilar expense 1n purchasing breast milk substitutes.

The Transitional Period

Breast feeding has an important child spacing function —to permit maturity
of one child betore the arrival of the next The introduction of other foods
seems to be signalled biologically by the readiness of the infant to deal with
them, as judged by the appearance of “mulk teeth,” possibly by a nse of
intestinal enzymes, and by an increase 1n manual dexternity

The length of breast feeding and the culturally correct time for weaning,
both in the sense of mtroducing other foods and of the stopping of breast
feeding (sevrage), vary fiom one culture to another. The reason for sevrage 1s
often a subsequent pregnancy, in some socicties, particularly in parts of
Afnca, the birth-spacing effect of lactation amenorrhea 1s remnforced by
sexual abstinence during the months of breast feeding. In other socicties, the
time for removal from the breast 1s defined by when a certain number of
teeth have crupted, or the child can walk However, in other societies, such as
the San Blas Indians of Panama or the Karmajong of Uganda, breast feeding
1s continued throughout a subsequent pregnancy

Generally, the weaning period’s nutritional, infectious, and psychological
dangers, and social significance. are clearly nurrored by the preference for
certain seasons of the year (such as spring or fall in Europe), and by special
ceremonies and rites de passage Methods of separating the baby from the
mother’s mulk vary considerably between cultures, as in the age at which 1t 1s
undertaken, the suddenness, the “compensation” (if any), and the degree of
physical separation of mother and child at the time.

The introduction of solid foods varies greatly Sometimes, the pre-lacteal
feedings commenced 1n the newborn period may be continued; softer items
of the adult diet (or, less commonly, specially prepared 1tems for young
children) are introduced earlier or later in the second six months of life; or,
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solid foods may not be introduced until the second year of life,

All cultures have complex food classifications, which may limit the range
of 1tems available for infant feeding. In particular, foods considered
appropriate or unsuitable for young children, the age at which they can be
introduced, and the occurrence of ceremonies at these occasions, are all of
importance to the infant’s nutritional transition. The “cultural superfood” is
of constderable significance If this 1s low 1n protein and calories, and high 1n
water and cellulose, such as yams or plantain, 1t places the transitional child
at greater risk then i commumities where a cercal grain (e g., rice, wheat) 1s
the cultural superfood Cultural attitudes i nfant feeding need to be
considered n relation to their potential as “protein blocks”—that is, as
practices which facthtate or make more difficult the use of locally available
proten-rich foods

For children 1n developing countries, weaning 1s the time of maximal
nutritional stress During the transitional period, the young child has to
struggle to adjust to a variety of bactertal and parasitic irfections, and often
to the psychological trauma of separation from the mother’s breasts. At the
same time, the nutrient needs are high in view of the rapidity and complexity
of growth and development, and the diet 1s hkely to be inadequate 1n
quantity, quahty, and preparation This 1s the period when “weanling
diarrlica” principally occurs as an epidemiological entity in many societies,
largely as a result of the interaction of malnutnition, intestinal intection, and
il-absorption  of 1nadequately prepared new foods It s also when
kwashiorkor 1s particularly likely to develop 1if low protein foods are
introduced, either with or without the continuance of small quantities of
breast mulk It 1s the classical period for severe vitamin A deficiency, and for
so-called “late marasmus,” wlich, with increasing costs and scarcity of food
supplies in many parts of the vorld, 1s probably on the increase,

In more atfluent circumstances, little malnutrition 1s seen 1n this phase of
hife, except for obesity and the common problem of iron deficiency

Culturally defined difficulties in persuading mothers to use available foods
in the second semester of lite have often been complicated by nising costs and
more linuted food supplies In developing countr.es, the diet in this period
should consist of as wide a range of nuxtures of local foods as possible, with a
small but sigmficant volume of breast nulk, often about a cupful a day Such
weaning  foods should be prepared by following the concept of
complementary protetn “multi-mixes,” basically often as a cereal-legume
“double-nix,” and with a realization that calories are nceded as well as
protein and other nutrients

The role of commercially processed weaning foods varies In rural areas of
developing countries, they have hittle relevance. For the urban poor on a cash
economy, they could play an important role, but are rarely geared to low
budgets. In the developed countries, processed infant foods are widely used
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and forcefully promoted They are convenient, but are usually poor buys m
terms of nutrients. Indeed, their manufacturers are often more concerned
with acceptability to the mother than with nutnitional bzlance In some of
the more sophisticated developing countries, such as paits of the West Indies,
such conunercually prepared infant foods are being promoted for sale among
poorer segments of the population, where their ligh cost and lunited
nutritional content make a negative contribution to the nutritional status of
the local population

Programmatic Considerations

The consequences of current patterns of infant feeding vary in importance
in different parts of the world, notably with the prevalence and success of
breast feeding and with the availlability and use of suitable foods for the
transitional chuld Different as the problems of early childhood nutrition seem
to be, the areas of emphasis in infant feeding are the same the world over, and
there 1s no need for two standards, one for the affluent and another for the
poor Uniwversally, the three main planks of scientifically guided, biologically
optimal infant feeding should be (1) to feed the pregnant and lactating
mother with a nuxed diet of locally available foods, (2) to feed the infant
solely on breast milk for four to six months, and (3) to introduce least-cost
weaning fooc ., based on the concept of “multinuxes,” fiom four to six
months onwards, preferably prepared from locally available foods, but with
continuing breast feeding nto the second year of life, particularly for those 1n
economically disadvantaged circumstances

Such a regime would have a preventive effect ot very great dimenstons
(table 2 1) For example, a return to more widespread breast feeding among
urban women n developing countries can be estimated to protect some ten
muhon intants atfected each year by carly marasmus and diarrheal disease
Conversely, continued breast feeding by women 1a developed countries could
prevent about one mullion cases of fantile obesity and 100,000 cases of
cow’s mulk allergy annually These guidelines would also harmonize with the
need to use local resources to best purpose and with least waste, and with the
aim of national nutritiondl self-sufficiency

The main reed 1s for conviction on the part of the health professional, the
ccononust, and the ednunistrator  Progiams to promote breast feeding n a
community should be based on overall policy decisions They should be
nterdisciplinary, and supported by funds for implementation and evaluation
Internationally concerned groups are slowly recognizing that such approaches
are feasible and, i many areas, of the highest priority

Concernming the transitional child, the situation remains largely the
problem of convincing mothers n ndustrialized countries not to mtroduce
semi-solids too early, and, in many developing countries, to introduce them
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Table 2.1
SOME PRGPHYLACTIC ADVANTAGES OF BREAST FEEDING

DEVELOPING AREAS DEVELOPED AREAS

“Infantile Obesity™
(1) Nutrition Marasmus (1 Million Cases/Year)
t Metabolic Overload Syndrome
Diarrheal Disease
(10 Million Cases/Year) |Necrotizing Enterocolitis
(2) Infections (73500 Deaths/Year)

Cow’s Milk Allergy of
Infancy (100,000 Cases/Year)

(3) A]Icrgy L T I R

Highly Significant Slight
(4) Child Spacing | (More Protection Than (W1ith Widespread Techno-
Technological Programs) | logical Contraceptives)

(5) Economic Billions of Dollars Needed Annually for
Consequences Breast Milk Substitutes

carlier—that 1s, m the second six months of life Both are interwoven with
cultural concepts on the one hand, the desire for a “plump, healthy baby,”
and on the other, belief that sucli early use of foods 1s harmful to the infant
for various reasons

The question of free or subsidized supplementary feeding for children in
the transitional phase of hife needs consideration kxperience clearly indicates
that supplementary feeding programs require careful consideration 1n the
local context, with a policy appropriate to actual needs and resources. In
famines and severe food shortages, this approach 1s obviously imperative If
suitable foods are available, but are not being used for cultural or biological
reasons in infant feeding, such programs may be uscless 1 counteracting
infant malnutrition  Any scheme has to be realistically geared to actual
circumstances in the area, including the presence or absence of health
education, and must be designed with consideration for the future There
seems to be a trend 1n many arcas towards the peripheral or village-level
preparation of simply processed multi-mixes, bused on local foods and
available apparatus These programs have the advantages of low cost, absence
of transport problems, and built-in nutrition education potential

Tresent day practices of infant feeding nrgently require reappraisal, A
system 1s needed based on a blend of modern scientific knowledge, awareness
of successful traditional adaptations, and man’s ancient biological/mammalian
heritage
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Nutrition, Infection,
And Immunity

Otto F. Sieber, Jr., and Glenn Lippman

Nutntion has been a high prionty health concern 1n developing countries
for many years Since the original descriptions of protein-calorie malnutntion
in West Africa n the 1920’s and 1930’s (Williams, 1933), the overwhehming
mortality and morbidity from malnutrition and the resultant loss of human
resources has provided the major impetus for dedicating large portions of
limited national resources toward mproving the health of nfants and
chidren. It had been hoped that such programs as nutritional
supplementation and the encouragement of breast feeding would reduce
death and morbidity Although nutrition may be improving in certan arcas of
the world, these goals have not yet been attained for the world at large

For a country such as the US, the nutrition picture obviously has not
been the same Gross nutritional abnormalities because of malnutrition were
felt not to be a general problem, but hmited to the developing countries or to
members of low socio-cconomic communities The result has been that
nutrition has not been viewed as a legittimate field of broad primary medical
concern or even education within the practicing medical community in the
U.S

A focus 1s needed within the fields of both public health and the private
practice of medicine which would permut the development of a legitimate,
broadly based, medically-related nutrition program Historica. . » the discovery
and use of vitamins provided needed direction for the nutritional and medical
programs of an earlier pertod m medicine Vitamin deficiencies, therr
diagnosis and treatment, were obviously of importance for both public health
and prnimary care providers, and the objectives of improving nutnition,
diagnosing and treating deficiency states, and preventing such deficiencies
were achieved In the ensuing period (1940-1960), subseo 1ent emphasis on
subspeciahization turned the medical community awday from interest n
general nutrition, and, until recently, nutrition was seen by pliysicians largely
in terms of either pubhic health programs or more basic bio-chemical
abnormahties

Interest n nutrition appeared to be Increasing agamn 1n the 1970,
Contributing to this may be the emphasis in medical education and medical
practice on primary and preventive care, a reflection of the 1920's — 1930’
era, when preventive and therapeutic medicine worked so closely together.

[21]
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Comciding with this resurgence of primary care 1n medical care programs has
been an nterest in the changes m immune function induced by madequate
nutrition, leading to, or aggravated by, scrious mfection, The observations
that functional changes occur in the abihty of the malnourished human host
to 1espond to miection, end that these changes correlate with the intake of
specific nutrients, such as protem, vitamms, 1ron, and zinc, 1s somewhat
analogous to the carher recegmtion of vitamms and their role in vitamin
deficiency diseases Just as the medieal community of that perio provided
primary care - dagnosing and treating vitanun deficiencies, and the public
health and governmental sectors provided the national resources for research
and preventive  measures, tmmunology of the matnounished person can
provide a similar toc s We are entenng a time when cooperation between all
levels o government aad the medical community must evist, malnatrtion s
not hnuted to developmg countries, nor are the means to understand the
mechamsms of the effect of malnutition on the host, or the measures to
treat or prevent those abnormalitics, hinited to any one region of the world

An understanding of immumty and malnutntion  will permit closer
professional relationships to develop between the practitioner of medicine,
the public health worker, the nutntionist, the student, and others for whom
nutrition will be a signmificant concern m the years ahead

Protein-Calonie Malnutrition

Moderate to severe protem-calorte malnutrition may eftect 20-30 percent
of the infants and children n the developmg world (Bengoa, 1975), and may
contribute to as much as 50 pereent of this population’s mortality (Pan
Amencan Health Organmization 1971) Although tins degree of malnutrition 1s
much less common m the U'S (Owen et al, 1974, Owen & Lippman, 1977),
one of the common factors assourated with malnutrniion — poverty — s
certamly present in this country - Of more nutritional signtticance i the U S
may be the entity ot subchmical, or nuld to moderate, malnutrition (Robson,
1972) Indeed, the observations that significant malnutrition may appear
rapidly i “normal™ health care dehvery siuations, such as pediatric care
(John et al', 1976, Brown, 1977), or with debilitated or hospitalized patients
(Bollet & Owens, 1973 Prevost & Butterworth, 1974, Bistrian et al , 1974,
Bistrian et al 1977), support this concern

The chnical expression of the observable malnourished state 1s most clearly
defined 1n the mtant or child The expression of malnutntion varies with the
amount ot nutrients lost trom the diet, and 1s related to the proportion of
calories lost trom the diet due to decreased carbohydrate or decreased protemn
intake, or the combined loss of these nutrnients (figure 3 1) Marasmus and
kwashiorkor in infants and children may be dehineated by chinical appearance
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Kwashiorkor

Marasmic
Kwashiorkor

Fig. 3.1

alone, but the syndromes can also be defined biochemically and
anthropometrically,

The distinctions between various types of malnourished states usually are
not clear-cut, and combnations of findings between marasmus and
kwashiorkor often may be seen. In addition, there 1s as yet a large area of
mild to moderate malnutrition wlich 1s difficult to detect chnically, but
wlhich may be measurable 1n terms of unachieved mmunological,
neurological, or genetic potential Malnutnition which occurs prenatally or in
the early postnatal period has been suggested to affect brain growth and
presumably ntellectual functioning (Voorhees et al , 1975; Winick, 1976).
Observations that nutritional status has an effect on the host beyond that on
visible growth and development have renewed interest 1n nutritional status in
developed as well as developing countries

Significantly, the nutritional status of a human being may also affect the
atulity of that host to respond to infection Tlus effect of nutrition appears to
be mediated through the host’s immune system, and although the relation
between infection and nutritional deficiency has been recognized for some
time, 1t 1s only recently that specific abnormalities in the immune system have
been correlated with nutritional deficiencies. This has already been the
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subject of extensive reviews (Faulk et al., 1974; Chandra and Newberne,
1977; Suskind, 1977),

Normal Immune Function

The human host has numerous ways of combatting infection. These
defensive responses are sclective, sequential, and rate-dependent upon
whether tne host 1s being challenged by the infectious agent for the first tune
or recognizes the challenge from a previous exposure,

The first Iine of defense aganst any infectious challenge 1s the providing of
effective barriers This defense 1s related to the integrity of an individual’s
skin, as well as the cellular makeup and availability of protective secretions in
the respiratory tract (eyes, nose, mouth) and intestinal tract (Sirisinha et al,,
1975; Neumann et al , 1975)

Appropriate defensive unmunological responses which occur following
penetration of an infectious agent into a host depend upon the nterplay
between cells and cell products Infectious agents are ehnunated from the
body by a number of mechanisms, which include mgestion by specialized
cells (leukocytes and macrophages), and killing by antibody, complement,
and other cell products (produced by such cells as lymphocytes) Mechanisms
of elmination will vary according to the mfectious agent mvading the host
The development and functioning of the immune system 1s reviewed by
Bellanti (1978)

In understanding the impheations of malnutrition on immune function, the
complexity of the immune system must be apprectated Simply stated, the
maturation of immunologically active cells begins with a single cell type, the
stem cell present in the bone marrow of the fetus The stem cell follows one
of two pathways to become a fully functional contributor to the unmune
response. One of these, the B cell, leads to the development of plasma cells,
Important n the production of antibodies and immunoglobulins The other
pathway requires processing of the stem cell by the thymus prior to
differentiation of the second major lymphocyte type, the T or thymus cell
Functionally, T cells contribute to delayed hypersensitivity, one commonly
known expression of which 1s 1n the skin test reaction. T cell lymphocytes are
assocrated with defenses against viruses, fungi, mycobacteria, and parasttes by
a mechanism termed “cell-mediated immunity ™ B cell lymphocytes produce
immunoglobulins of varous types and function in response to stimulation by
specific organisms Mediation of immune function also occurs between the B
and T cells through effector molecules produced by the T lymphocyte.

Effects of Malnutrition on Infectious Diseases

Because of the mmmunological changes observed with malnutrition, the
undernourished child 1s more severely affected by illness than the adequately
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fed clild (Scrimshaw et al., 1968, Gordon & Scrimshaw, 1970, Purtilo &
Connor, 1975). Diseases caused by orgamisms which are controlled by the
cell-mediated immune T cell system seem to predominate, these include
measles, mfluensa, tuberculosis, malara, chickenpox, rubella, and conditions
caused by herpes sunplex virus, Pseudomonus acrugmosa, Pneumocystis
cannu, and Candida albicans (Wiley & Maverakis, 1968; Scrimshaw et al,,
1968, Purtilo & Connor, 1975) The malnounshed host 1s not only
predisposed to infection with the above-mentioned agents, but also
experiences a varation from the usual expression and chinical course of the
discase A febrile response to infection 1s less common 1 the malnourished
patient. Infection with pyogenic organisms such as Streptococceus
pneumoniae tends to be associated with gangrene rather than suppuration.
Malnourished children with exanthematous diseases such as measles have a
lowered frequency of rash, and a six-fold higher incidence of pneumonia, 1n
companson to better nounshed children (Smythe et al , 1971). Infections
tend to spread from their initial site, with dissenunation throughout the host,

It should be emphasized here that there are other conditions which
produce patterns of infection smular to those Just described Abnormal
responses to infection are also seen in the cancer patient treated with
Immunosuppressive agents (Chandra & Newberne, 1977, Richie & Copeland,
1978), the severely burned individual with skin and tissue damage (Chandra &
Newberne, 1977), and the premature nfant with an immature immune
system (Wilson & Eichenwald, 1974)

Since mfection 1s frequent among children n developneg  countries,
prevenuon of mfection would be hikely to lessen the incidence and severity of
frank nialnutrition precipitated by disease m those indviduals who are in
borderline nutritional balance In planning policies, the use of immunizing
agents must be balanced against all other demands on lmited monetary
resources Flowever, 1t should be remembered that the efficacy of vaccines has
been determined from studies with well-nourished children, and must be
critically re-evaluated when being applied to malnounshed children For
example, when smallpox was a major public health problem, occasional cases
of progressive vaccinia would occur because of the fatlure of the immune
system to properly mediate the vaccination and control the spread of the
virus (Suskind, 1977) Also, polio virus vaccine has a different effect in
someone who 1s malnounshed than in a well-nounshed host As a result of
such findings, several rescarch centers are attempting to determine the
relationship between immunization and nutnitional status

Not only may the expected 1esults of an 1mmunization procedure change,
but 1t 1s possible that the unmunization may have a catabolic effect on the
recipient’s nutritional status It appears that 1f the vaccine challenge and the
host response are spread out over a period of time, the catabolic effect on a
malnourished cluld 1s minimzed. If, however, the response to immunization
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occurs over a short period of time (less than eight days), the caloric penalty is
severe enough that it would be possible that immunization could precipitate a
kwashiorkor state in a patient with borderline nutrition (Kielman, 1977).

Effects of Malnutrition on Immune Function

Protein-caloric malnutrition way induce an acquued immunodeficiency
state, with resultant inereases in frequency and sevenity of infection. This
condition has been well described in malnounshed infants 1n developing
countries (Pan Amernican Health Organization, 1971), but 1s being described
with increasing frequency in developed countries as well (John et al., 1976)
It is of milder and more moderate severity in developed countries and 1n
varying age groups, wncluding adults (Bistrian et al , 1974; Butterworth,
1974). The catabolic effects of hospitalization and illness, m the face of
nadequate nutntional support, produce a syndrome 1 adults with changes 1n
immune function similar to those w childien (Law, 1973, Bistrian et al ,
1977).

Figure 3 2 indicates the nutnitional and immunological effects of an
infectious respiratory disease, pertusss (whooping cough). In a three month
old infant with a nsk factor, such as prematurity and failure to thrive, the
mechanical interference of paroxysmal coughing with eating decreases calorie
and protein intake to the extent that frank malnutrition results. This has been
shown to be associated with a change in immunological functioming and

RELATIONS OF MALNUTRITION, INFECTION
AND IMMUNE RESPONSE

Protracted
/ FTT Disease
Pertussis Depressed

Immune Function
\ Weight /
Loss

Fig. 3.2
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prolongation of the clinical disease, unresponsive to therapy other than
nutritional reconstitution (Sieber & Harrison, 1979).

The degree of immunological derangement 1s not predictable from the
degree of malnutrition. It occurs selectively and at several levels, however, the
humoral component of the immune system remams relatively intact (Reddy
& Snkantia, 1964, Brown & Katz, 1966, Jose et al., 1970, Alvarado &
Luthringer, 1971; Sinsinha et al., 1973). Figure 3.3 suggests a mechanism by
which the spaning of immunoglobulins 1n the malnournshed patient 1s related

RELATIONSHIP NUTRITIONAL STATUS AND HUMORAL IMMUNITY

ALBUMIN IMMUNOGLOBULIN
POOL POOL
DIETARY ADEQUACY N =—>» |\
PREDISEASE PCM n -=<—3m N\
INFECTION/PCM ' —_— n
Fig. 3.3

to the balance between the albumin pool and the non-albumin
(immunoglobulin) protein pool and the amount of exogenous protein
repletion Only when primary immune responses are involved has there been
evidence of functional IgM abnormality, despite approximately normal levels
in non-infected malnourished subjects (Lechtig et al., 1970, Law et al., 1973).

Table 3.1 summarizes the specific effects of malnutrition on all
immunological parameters In some reports, serum IgA and IgE levels have
been increased No allergic symptoms have appeared when this 1s noted,
Except for C4, complement levels decrease m all forms of malnutrition
(Hafes et al, 1977, Rasban et al, 1975, McFarlane, 1976) However, 1t is
unclear whether these changes reflect decreased synthesis or increased
utihization 1n the face of mntercurrent fection

The most sigmificant change 1n the immune system related to malnutrition
1s i cell mediated immunity (CMI1) The total number of lymphocytes
mvolved 1 this response are reduced (Geefhuysen ct al., 1971). The
subpopulation of cells, 1.e , the proportion of T cells, 1s decreased and there is
a functional dunution m the manner n which these cells recognize and
respond to foreign matter or orgamisms (Douglas & Schopfer, 1976;
Kulapongs et al, 1977). Onc measure of CMI function 1s 1 skin test
reactivity, wlich 1s complex and requires the nteraction of the T cell with
other cell types, such reactivity 1s dimmshed or lost m malnutrition
(Geefhuysen ct al., 1971; Kulapongs ct al 1977). In addition to functional
changes, anatonucal changes may also be observed in thymic tissue (atrophy
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Table 3.1

IMMUNOLOGICAL EFFECTS OF MALNUTRITION

FUNCTIONAL
EFFECT IMMUNOLOGICAL PARAMETERS
INNATE HUMORAL CELL MEDIATED PHAGOCYTIC
IeG
INCREASE IgA
IgE
Lympk: node germinal
centers Bacterial killing
Chemotaxis Circulating “R” cells Intracellular enzymes
NO CHANGE NBT reduction Function of “B” cells Phagocytosis
Plasma cell function Polymorphonuclear numbers
Specific antibodies
Thymus size
Lymph node size
Complement IeM Lymph node cortex
DECREASE Interferon production IgG-Late Circulating “T” cells Opsonins
Rebuck window Secretory IgA Lymphocyte blastogenesis Oxidative metabolism
Specific Antibodies Skin tests

Effector molecules



Nutrition, Infection, and Immunity 29

and 1nvolution) and lymph nodes (paracortical depletion) (Mugerwa, 1971;
Smythe et al., 1971; Douglas & Schopfer, 1976; Schopfer & Douglas, 1976).

The effects of nutnitional status on mmune function vary n degree and
duratton with the age at which nutntional deticiency occuis for a host.
Intrauterine growth retardation appears to atfect the immune system to as
great a degree and with the same permanence (Aref et al , 1970, Chandra,
1975, Chandra, 1977) as 1t elfects neurological growth and postnatal
functioning (Winick, 1976). Since malnutrition 1s known to produce atrophy
of the thymus and lymph tissues (Mugerwa, 1971, Jackson, 1925),
immunological consequences mught be anticipated 1in a number of body
defense functions (Katz and Stichm, 1977) should the immune system be
deprived of adequate nutrients duning its foimative period. However,
phagocytic cell and B cell function are less affected than T cell function and
complement activity (table 3 1) For the infant with intrauterine growth
retardation, decreases i numbers of lymphocytes i the permatal period
appear  to be corrected by age five years However, physiological
abnormahties such as decreased tymphocyte reactivity and skin test reactivity
persist (Chandra, 1977, Ferguson, 1978).

Changes similar to those observed m utero occur when malnutrition is
unposed on a functional immune system at a later age (Smythe et al., 1971).
These changes, however, are less permanent and more correctible 1f the
malnutrition occurs after six to eight months of age (Chandra, 1977).

Pharmacologic Effects of Malnutrition

[t was reported in the 1970’s that nutritional status, as determined by both
the amount of dietary protemn and the quantity of that protein, can alter the
ratc. of metabolizing certain pharmacologic agents in the malnounshed
individual. Because infection occurs so frequently in malnourished patients,
optimal antimicrobia! therapy may be difficult to achieve without knowledge
of an individual’s nutritional state Animal studies dealing with a variety of
pharmacologic agents have demonstrated nutritionally-induced alterations of
enzymatic drug metabolism, which reflect alterations 1n metabolic pathways
(Dixon et al., 1960, Kato & Takanada, 1967, Kato, 1967, Hospador &
Manther, 1968, Boyd & Chen, 1968, Boyd & Castro, 1968, Kato et al., 1968;
Weatherholz ot al |, 1969, Furner & Feller, 1971).

Studies on human subjects have produced conflicting data In one study,
the metabohism of chloramphenicol was altered in malnourished cluldren,
leading to longer clearance times and increased peak plasm 1= (Mehta et
al,, 1975). Slower biotransformation of the drug, rc + from
malnutrition-nduced changes in liver enzyme activity, suggest tha . -tions
in dosage regimes for such children should be considered. However, by . nan
(1977) demonstrated that protein binding of chloramphenicol in
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malnounshed children was approximately 5 percent below controls, although
relatively large amounts of free drug were i the circulation (75 percent 1n
controls verus 80 percent in childre- with kwashiorkor)

Clearance rates of tetracychinu hydrochlonde are also increased 1n
malnounshed children, with protem binding and the volume of distribution
decreased when compared with control groups (Shastri & Krishnaswamy,
1976, Raghuram & Knshnaswamy, 1977) For this antibiotic, the dosage
frequency should perhaps be mcicased i malnourished children for optimal
effectiveness Changes m antibiotic metabolism with kwashiorkor have also
been noted with the antimalanal, chloroquine (Buchanan & Van der Walt,
1977). Serum bmding switches from albunmun to gamma globulin because
gamma globulin 1s spared relative to the changes i albunun synthess
resulting from malnutrition Streptomycn (Buchanan, 1977) has also been
shown to have decreased proten binding in patients with protein-calorie
malnutrition It may be speculated that toxicity could result from ncreased
amounts of such freely circulating drug

The abnormalities of metabolism previously discussed are not hmited to
indwiduals residing i developmg countries Studies of patient populations in
both university and county hospitals i the U S have 1dentified postsurgical
and debitated ndwviduals whose biochenucal makeup numics acute
protemn-caloric malnutnition (Bollet & Owens, 1973, Prevost & Butterworth,
1974) Because of this, further exanunation of the methodology used to
estimate drug dosage in the malnourished patient 1s needed Demonstrations
of abnormal protein binding and hepatic transformation may indicate that
the use of a standard “dose per kilogram” may be mappropriate, and that a
dosage schedule reflecting the nutritional status of the patient should be
evolved, as well Such findings in patient populations also suggest that the
need for wider-scale supplemental feeding programs in the U.S. should be
closely exammed

Therapeutic Uses of Nutrition

The 1dentification of malnutnition in indviduals, as well as 1n populations
from both developed and developing countries, should promote the
standardization of nutritional assessment techniques and knowledge for
practitioners 1n clinical, eprdemiological, and public health areas. Broadened
use of the skills and the medical knowledge required for their use potentially
increase the benefits from nutrition programs Such programs will contribute
not only to the preventive approach to nutritional nadequacies, but also to
the therapeutic approach

Optimal use of currently available nutritional therapeutic modalities,such as
clemental diets and hyperahimentation, requires 1mproved skills and
knowledge to promote their more timely application to patient needs
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Anticipation of the need for nutritional support must be emphasized and will
require better definition of risk factors for patients i all socioeconomic
categories Table 3 2 summarizes those risn factors which may be associated
with infection in the malnourished child or adult, and which can be used to
identify the individual in need of additional nutritional surveillance,
evaluation, and support

The presence of nfections known to require cell-mediated immunity for
their control should suggest a need for nutritional assessment of the patient
Functional abnormahities of lymphatic cells persisting after some minor
degree of nutritional reconstitution require more evaluation of the extent of
disease, and may require aggressive nutritional support

Perhaps there are hmutations to the expectations which can result from
nutritional programs at national fevels Alternative measures of dealing with
and breaking the malnutnition-infection cycle have been suggested and are
beginning to show advantages over large-scale nutrition intervention
programs  Nutrttional  supplementation  alone may not prevent all
malnutrition and 1its severe effects on immune responsiveness Anti-parasitic
programs on a large scale may provide nutrittonal benefits to the host in lieu
of the more common emphasis on supplementing the diet to modify
malnutrition (Suskind, 1977)

There appears to be yet another consideration influencing or modifying
nutritional programs, namely, the concept of immunologic mantpulation,
provided i addition to nutntional supplementation One such example
(Faulk & Jose, 1977) suggests that when transfer factor therapy 1s added to
nutritional replenishment i the malnourished patient, at a time when
nutritional rejuvenation has been accomplished, protection against relapse
from diarrheal disease 1s enhanced This compares to no improvement when
either transter factor 1s administered in the acute stage of malnutrition with
mfection (prior to nutritional reconstitution), or when nutritional
replentshment alone 1s provided

The net effect of these considerations 1s that the nutrition programs of
both developed and developing countries must be stmtlar, requiring both
chinical crisis intervention and food supplement programs for optimal
effectiveness The programs differ only in the percent of emphasis to be
placed on either of these arcas (figure 3 4). The recognition that there s a
common denominator between nutritional problems developed and
developing countries permits improved utihization of hmited resources and a
broader base of discussion and action for health care dehvery specialists

Conclusion
Nutritional sctences are entering an era in which they will play many roles
in medicine Agriculture will attempt to increase production of proven
foodstuffs, as well as to foster new sources of protein. This effort may
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Table 3.2

RISK FACTORS ASSOCIATED WITH INFECTION IN THE
MALNOURISHED INDIVIDUAL

HOST == » INFECTIOUS AGENT
Developmenmat Type of mfectious challenge
Genetic predxsposntlon\ / (T B .wiral,etc)
Prenatal malnutntion Length of exposure
Prematurnty INDIVIDUAL REQUIRING ADDITIONAL Severity of exposure
NUTRITIONAL SURVEILLANCE Modified patterns of 1llness

Immunological LVALUATION AND SUPPORT

Predisposing conditions
(cancer burns)

Previous immunization or experience

latrogenic immunosuppressior of host

ENVIRONMENTAL

Lack of breast teeding
karly termimation of breast feeding
Improper food preparation
Incorrect formula utihization
Age and sex determined social status
Socto-economic status
Crowded housing conditions
Exogenous obesity
Inadequate education
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provide the means to nnprove nutnition for all, thereby decreasing gross
malnutrition. However, malnutrition n various forms will continue to occur,
and when 1t occurs at significant times throughout life, such as m utero, 1t
will continue to create sertous sequelac

For the individual with acute malnutrition, as has been observed for the
elderly hospital patient or the cluld with acute infection, functional effects of
malnutrition must contnue to be looked for and recognized They will
require specific treatment and nutritional support For the clinician or health
assoclate, malnutrition must be recognized as a cause of acquired
Immunosuppression, potentially leading to opportunistic infection Preventive
measures, such as immun:zations, must be evaluated light of the nutritional
state of the host, and parameters must be defined m which Immunizations
will have an optimal cffect Perhaps clinical or biochemical nutritional
screens, such as serum albumin levels, will provide gwdance for the
vaccination of cluldren 1n at-nisk populations, since a normal albumin leval 1s
assoctated with a good potential for antibody production (Suskind, 1977).

Food support programs for populations with poor nutrition, whether 1n
the US urban ghetto or m 4 developing country, should be considered
carefully Food supplementation, by itself, may have to be modified 1n favor
of support programs which consider various other factors The current level
of knowledge concerning the mteraction of nutritional status with infectious
disease ponts to the need for these divergent prograims
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Malnutrition:
Socio-Economic Effects And Policies
In Developing Countries

Miriam Muhioz de Chavez

In Mexico the term “man of maize™ has been coined to describe the type
of people raised 1n a community where the staple foods are tortillas and
beans. Their physical development 1s poor, they are weak and susceptible to
diseases, their productive potential 1s very limited, and their mental and social
development 1s insufficient (Mufioz et al | 1974)

The Mexiczin National Institute of Nutrition has conducted a series of
studies in rural Mexican environments into various factors which go to build
the “man of maize ™ Not only does nuentional insufficiency retard growth
and alter body proportions of the growing child, but the mental and social
aspects of development are apparently also profoundly affected

Nutrition and Individual Development

A longitudinal study carried out by A Chavez and C. Martinez (1973) for
the National Institute of Nutrition 1n the community of Tezonteopan to the
south of Mexico City has shown that performance in a number of
developmental aspects, including the mental, was deficient among a group of
children who received the standard village diet when compared to a paired
sample of children who were given a specially supplemented diet The poor
diet was the traditional one of this town, consisting of breast milk, tortillas,
and beans, while the supplemented dict consisted of these foods with the
addition of cow’s milk and other high quality foods Two children under
study are seen 1n figure 4 1. The taller child 15 two years younger than the
other

The calorie consumption in the first two years of hfe of both groups 1s
represented 1n figure 4 2. This study 1s umique in that it includes the only
longitudinal survey that has been done on consumption of breast mitk This
was performed by weighing the children before and after each feeding for a
period of 72 hours every two months during the 18 month study The
continuous-line curves indicate the situation of the non-supplemented
children, which 1s the situation of the mayornity of the mother-child units n
the community under study The mothers secrete enough nmilk when the
infant 1s born, but at the infant’s third month of hife the quantity drops to a
half a liter a day, a leve! which then remains constant until alinost the end of
the lactation period, daspite the steadily mcreasing needs of the growing

[38]
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infant Home supplementation to breast feeding is generally provided too late
and too little, with tunidness, fear, and many prejudices (Chavez, Martinez,
and Bourges, 1975)

The differences i total calorie and proten intake between the
supplemented and non-supplemented children consumed a total of 450
calorics and nine grams of protein — scarcely more than they consumed at the
age of three months — but the children in the supplemented project showed a
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total intake that surpassed 1,000 calories, and their protein intake surpassed
50 grams daily.

There 15 a Spanish proverb which says, “one can learn to do anything
except to go without eating ™ This 1s possibly the most mistaken proverb of
all. The first thing that the non-supplemented (or “normally raised”) cluldren
did was to adapt to this low caloric intake Figure 4 3 shows the differences
i the physical activity of these groups of children. At the age of 18 months,
children whose diets were supplemented during our program showad six times
more activity than the controls. This was measured n a tinie sampling system,
observing each child for ten minutes every hour for a daily 12 hour period
(Chavez, Martinez, and Bourges, 1972).
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The interaction between nutrition and health has long been known. An
undernourished person becomes sick both from lack of nutrients and from
the greater tendency to fall wvictim to infectious discases. Many
epidemiological studies show that malnutrition encourages certain diseases,
which, 1n turn, through metabolic alterations, loss of appelite, and prejudices,
favor continued malnutntion (Martinez and Chavee, 1972). The fact 1s well
known that in all developing countries the primary cause of death is the
so-called “malnutrition/infection complex ” According to studies carried out
in rural environments, mcluding those by the Mexican National Institute of
Nutrition, possibly as much as 70 peicent of deaths of children under five
years of age have malnutrition as the underlymng cause, complicated by
respiratory and ‘Yiarrheal 1llnesses as precipitating factors. Some 100,000
children die annually in Mexico as a result of this “malnutrition/infection
complex” (Peres Fndalgo and Chaves, n d.)

To demonstrate the intimate linkage between nutrition and infection,
figure 4.4 depicts all the discases suffered during the first two years of hfe by
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the two children seen in figure 4 1 The entire non-supplemented group
suffered an average of 35 discases cach, mainly respiratory or diarrheal, which
kept them in a condition of illness one third of the time The supplemental
group not only suffered fewer diseases, 22, but the illnesses were shorter and
less severe

Figuie 4.5 shows the differences between the supplemented experimental
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group and the “normal” group regarding mental test performance. Scores
were always considerably hugher among the supplemented children, especially
in adaptive behavior and in language development (Chavez, Martinez, and
Yaschine, 1974).

Researchers at the Mextcan National Institute of Nutrition also undertook
a study of mother-infant mteraction, as well as studying the relationship
between the chuld and 1its environment It was clearly demonstrated that the
malnounished child 1s more passive, that he mteracts very little with his
mother, that he sleeps a great deal, and that he demands nuntmum attention
from lhus fanuly Conscequently, there 1s very httle strmulation to further the
child’s intellectual and social development He becomes timid, stays close to
lus mother, and 1s very apathetic

This conduct on the part of malnounshed children 1s expressed n the
mdigenous Nahuatl language by the word “chipil,” which means “yealous ™’
This behavior 1s attributed m village communities to the psychological effect
on the child of the mother’s new pregnancy. and not to its real cause the
nutritional insufficiency brought about by the child’s removal from maternal
breast feeding (Chaves, Martines, and Yaschine, 1975) 1t can be inferred that
cluldren whose diets were supplemented found their houses too small, as their
physical activity was very extensive. Such activity awakened the interest of
their parents and of their siblings, thereby cstablishing a level of interaction
among fanuly members never seen before m Tezonteopan The cluldren’s
demands grew and the pareats were forced to provide very diversified stimuh

Nutrition and Scc10-Economic Development

This study shows the very real importance of nutnition, not only in relation
to individual development, but also 1n relation to social group nteraction
The social acaptation of clildren to malnutrition will undoubtedly continue
throughout the rest of their hives, giving rise to hittle activity, a ligh degree of
dependence, and passivity  Consequently, them participation m  the
sociocconomic development of the country will be very inited

It can be stated that the entire developing world — which has as 1ts basic
food, i one form or anotlier, a smgle cereal or a single root — 1s full of
persons with the same nutnitionally derived problems Not only does
malnutnition deprive these people of normal social conduct, but 1t also molds
their social station i hfe There 1s no doubt that dependence and passivity by
the rural population i the developmg world are closely related to
malnutrition

All of this represents a complex problem, in which there are many vicious
circles. Production 1s low because labor and mvestment are msufficient. Thus,
n turn, 1s due to deficiencies in the physical and mtellectual capabilities of
the population, and these deficiencies are the result of dietary insufficiency,
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The vicious circle between nutrnition and cconomic development must be
broken 1f the problems confronting the majority of the developing countries
are to be solved.

Many points of view have been set forth as to the ultinate cause of
malnutrition. Most tend to give major importance to economic factors:
poverty, unemployment, and low production Others consides cultuial factors
as bemng the most important, I sincerely believe that, in practice, both these
arguments are valid, because all the factors are integral parts of the complex
of underdevelopment However, 1f | were asked to clarify my position
without using the word “underdevelopment,” I would pomt to the social
factors outlined n this chapter rather than to these economic or cultural
factors

National Nutrition Policies

During the 1970’s several countries have placed emphasis on so-called
“national nutrition policies.” These nutrition policies are nvariably made up
of three fundamental components One 1s called “vertical integration,” which
attempts to adjust production to consumption The second 1s called
“horizontal coordmation,” which attempts to put into effect a program of
stimulating consumption among low mcome sectors The third 1s a series of
support programs, which include researcl and technical support

In many countries, vertical integration las been achieved through the
system known as “food consumption goals ™ This system consists of planning
an adequate availability of basic foods, the correct planning of storage
systems, transportation, industrialization, and, finally, bringing influence to
bear on commercial systems so as to improve distribution, quality, and food
prices

Vertical integration 1s casier to achieve i the developed countries,
especially in the sociahist countries, where central planning systems are quite
effective. When this system has been tried m the developing countries, 1t has
met with success, especially over the long run

Horizontal coordination 1s extremely important, as nutritional problems
are frequently due to deficiencies i food distribution and consumption
among sectors, rather than to a real scarcity of food products 1n a country as
a whole Efforts are made toward food consumption orientation even within
the developed countries, but when these cfforts are not coordinated, they are
simply lost without anything having been achieved Educational
inplementation programs, and progiams which use the communication
media, figure among the most powerful tools of consunier orrentation

Regarding direct nutritional education programs, we should stress the
importance of teaching people in poor communities to improve their dicts by
using those resources which are already available to them locally, and which
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do not represent any greater expense. As an example, a series of programs
were being carried out m Mexico in the 1970’ which dealt with education
regarding supplementary fecding during the first year of hife (Mufios, 1972)

As has already been mentioned, one of the mmmediate causes of
malnutrition n a rural environment lies m the fact that the production of
maiernal mulk after the nfant’s third month of life remuains at about half a
liter a day. In spite of the child’s greater need, the mother does not add
sufficient supplementary feeding Mothers 1n rural areas of Mexico begin to
give atole (a very thm, watery corn meal nuxture) and broths to the miant
when 1t 1s eight or ten months of age This problem 1s more related to cultural
factors than to economic ones That 1s why an educational solution 1s called
for This has been demonstrated experimentally i a commumty where
mothers were instructed to make a puree of a nuxture of maize and beans to
supplement breast feeding Practically normal growth occurred m these
children

In another experimental study 1t was possible to demonstrate that, n a
rural environment, education through the use of the commumcation media 1s
also effective People 1n rural environments are not constantly exposed to
media communication, and their credulity 1s quite lugh 1t has been observed
that both direct and indirect education, at least m the programs which have
been studied, have resulted in dramatic improvements 1n nfant nutrition
practices, and, to a certain extent, other practices m fanuly nutrnition (Mufios
et al, 1975) The greatest effort has been in the provision of mulk substitutes
and extensors, with the object of ultimately reaching four mullion
mulk-deprived children

Another element which has proved very useful improving the nutritional
status of children n rural Mexico has been the government provision of
low-cost, high-nutritive supplements Lacteous tablets containing protern,
some cow’s milk, and carbohydrates were manufactured and made available
to poor families at very low cost Also manufactured was a very low-cost
extended nfant formula type of milk product made up of milk, whey, and
carbohydrates Distribution of this product, however, only occurred 1n urban
areas Still another product, m powder form, which contamns soy beans and
15 percent nulk, has reached half a nulhon children a day In summary, these
experiences show the wide range of possibilities afforded by the use of
advanced food technology as a means of feeding malnounished people.

These national nutrnition policies must be supporied by some programs of
an economic nature which are designed to mcrease production in marginal
zones, where work and productivity are hmited There should also be certain
consumption stimuli among the unemployed population, as well as among the
margimnal urban population

The principal obstacle in implementing effective nutrition programs is the
lack of socio-political decision-making aimed at satisfying basic requirements
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of low-income sectors ot the population Public health services have immtated
the pattern of the developed countries, which have overcome, by and hige,
the problems assoctated with poverty, and theretore gne prionty to
sophisticated medical services By the late 1970%, auny top-level leaders
Mexico became strongly convineed of the necessity tor decsive action, and
the Mexican government provided the wthor the opportumty to coordmate
the activities of vanous governmental agencies, with the objectine of putting
mto practice a National Food and Nutrition Policy

Those nvolved n nutniion i Mexico are convineed that these programs
constitute a very practical technology at relatively low cost They generate tar
more resources than they consume, they provide well-beng and health, and,
above all, they offer to the population the opportunity for mdividual and
socidl development
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Intersensory Development
In Survivors Of Early Malnutrition
And Stimuli Deprivation

Joaquin Cravioto

In the second half of the twentieth century, health has become a major
focus of interest for an increasing number of persons and mstitutions dealing
with social, political, and economic polictes. This, 1n turn, has led to the
constderation of nutrition as an important factor n an individual’s life from
conception on, particularly during the period of growth and maturation. It 1s
generally known that a diet adequate in quantity and quality 1s wvitally
important  Nevertheless, Jose Maria Bengoa, in a study of nutritional
conditions in twenty-four countries (eight in Africa, twelve 1n Latin America,
and four 1n Asia) found millions of infants and children affected with
moderate or severe forms of malnutrition Bengoa has also pointed out that,
even 1if at first appearance it 1s primarily related to environmental and
biological factors, nutrition 1s an integral aspect of the total context of social
and cultural factors At the commumty level, malnutrtion 1s a man-made
disorder, characteristic of the lower economic segments of society,
particularly 1 developing countries where the social system creates
malnourished ndviduals, gencration after generation, through a sertes of
social mechanisms Among these, limited access to goods and services, linited
soctal mobulity, and restricted experiential opportunities at crucial pornts 1n
Iife play a major role

Nutritional problems, although affecting the health of large masses of the
population, are particularly prevalent 1n the so-called “vulnerable groups” —
small infants and children, and pregnant and lactating mothers — due
principally to the soctocultural charactenistics of these groups, and to their
mcreased physiological requirements for nutrients.

Data on nutntional deficiency, as well as on low birth weight and
prematurity, mdicate that deficient nutritional status of the population 1s
perhaps the single most important factor mfluencing excessive mortality 1n
developing areas Mothers who have been stunted m therr growth by
nutnitional deficiency 1n carly life have a high frequency of low birth weight
nfants; many of these nfants die from mfectious diseases because of therr
increased vulnerabihty, while those who survive continue to be at greater risk
from the effects of the environment because of nutritional deficiency. It has

[46]
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been estimated that in Latin America, for example, the number of deaths
resulting directly from malnutrition has been on the order of 50,000 to
60.000 per year. The Inter-American Investigation of Mortality in Childhood,
conducted 1n the 1970°s by the Pan-American Health Organization, found
that eight percent of all deaths in children six months to two years old had
malnutrition as an underlying or main cause, and 41 percent as an associate
cause

The health implications of malnutrition are not confined to mortality and
morbidity Studies in many countries have also shown that survivors of
malnutrition exlubit  developmental lags not only n psychomotor
development but in several other areas, which include hearing and speech,
social-personal behavior, problem-solving ability, eye and hand coordination,
categorization behavior, ntersensory ntegration, and wvisual-perceptual
competence (Cravioto and De Licardie, 1975) It must be emphasized that
the finding of an association between carly malnutrition and delayed mental
development by no means establishes that msufficient intake of nutients and
calories as such affects mtellectual development and learnmg  Lower
socloeconomic status, the risk of malnutritton, and lower mental performance
are closely mter-related Thus, n attempting to test for a relationship
between malnutrition and mental devclopment, the research task is to sort
out the effect of malnutrition from the efiect related to the other vanables
which may characterize the environment of the malnounished ehild

For example, in Mexico, Guatemala, and India (Cravioto and De Licardie,
1973, Cravioto et al, 1967, Srikantia and Sastry, 1972, Cravioto and De
Licardie, 1974), studies of fanulies with a very high risk of having severely
malnourished children have shown that none of the biological, social, and
cultural characteristics of the parents, nor family circumstances (including per
capita income, mam source of income, and family size) were significantly
assocated with the presence or absence of severe malnourishment n the
child. Iowever, two features of the microenvironment help substantually to
wdentify fumilies with potentially severely malnourished cluldren, long before
the appearance of the syndrome They are a low level of stimulation available
n the home, and a passive, traditional mother who 1s apparently unaware of
the nceds of her child and responds to him 1n a mmnnal way, as 1f unable to
decode the nfant’s signals Martinez, Ramos-Galvan, and de 1a Fuente in
Mexico (1951), and Srikanuia and Sastry (1972) 1n India, have also reported a
high frequency of severely malnounshed chuldren whose mothers exlubit low
levels of measuied intelligence

Therefore, our aim should be not only to define malnutrition in terms of
the degree of impairment of biological function (physical growth, cognitive
development, communicative skills, school performance, resistance to discase,
etc) associated with different degrees of deficit, but also to quantify the
synergistic and/or antagonistic effects of the non-nutritional factors (stimul
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deprivation, increased morbidity, poor mother-child Interaction, etc.) Such
factors are almost always present 1 the lives of malnourished children at
different periods of their growth, and with different degrees of defrciency.

It 1s apparent that testing for the effects of carly malnutrition on human
mental development can be carried out definitively only by means of a
prospective longitudinal study of children at risk, and appropriately selected
companson subjects Contemporaneously acquired background information
for cach cluld, at least from birth onwards, 1s necessary

Nutrition and Brain Development’ Research Design

A unique opportunity for such a study presented itself in the course of an
ecological longitudmal study of growth and development of a total birth
cohort born i a premndustral village m central rural Mexico. Of the 334
children followed from delivery on, 14 girls and eight boys developed severe
chinical malnutrition Age at the time of the diagnoses ranged from four to 53
months, with a smgle case below one year of age, mine cases between one and
two years, eight between two and three years, three between three and four
years, and one case diagnosed at 53 months

Fifteen of the 22 children exhibited kwashiorkor, the other seven cases
were marasmus The proportion of marasmus m females and males was 43,
while the number of females with kwashiorkor was twice the number of
males. These ditferences are not statistically stgnificant, perhaps due to the
small number of cases imvolved

Ten children, six with kwashtorkor and four with marasmus, were treated
at home, while nine children with kwashiorkor and three with marasimus were
treated m a pediatric hospital No deaths occurred m thus latter group, while
three of the ten home-treated children died Of these, two had kwashiorkor
and one had marasmus Ages of these three at the time of diagnosis were 12,
14, and 22 months In all three cluldren, death occurred within a period of 15
to 60 days after diagnosis

It seems of interest that these cases occurred despite the fact that all
children n the cohort were medically exanmuned on a biweekly basis Children
who failed to grow normally were 1dentified, their mfectious illnesses were
treated, and their parents were given advice (which they did not follow) on
the appropriate feeding and management of children who fail to thnive In
contrast to 1ts lack of inftuence on the meidence of clinically severe
malnutrition, this medical attention decreased the infant mortality rate from
a figure of 96 per thousand to 46 per thousand, and reduced the preschool
mortality of the cohort by onc-half These data point out once again that
traditional medical care can strongly ‘nfluence mortality while having
munimal or no effect on morbidity

When the research design for the longitudinal study was estabhished, 1t was
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other for those three to six years old. In both versions, the selection of items
was gutded by a set of assumptions about conditions that foster development.
Accordingly, the inventory describes and quantifies the following eight arcas
of the home environment 1) frequency and stability of adult contact, 2)
vocal stimulation, 3) need gratification, 4) emotional chmate, 5) avoidance of
restriction, 6) breadth of experience, 7) aspects of the physical environment;
and 8) available play materials In cach of thesc arcas almost all 1tems receive
one of two scores, no attempt 1s made to rate finer gradations The total score
1s the number of items recorded as positive for the chuld’s development If
desired, each arca can be scored separately and related to specific features of
development

A tramed psychologist recorded the mventory of home stimulation for
every child in the cohort at six-month ntervals during the first three years of
Ife, and at yearly intervals thereafter At the time of data collection and
scoring, the psychologist was unaware of the nutritional histories of the
children

Study Results

Visual-Kinesthetic Integration

As may be seen in figure 51, the mean number of errors in judging
non-identical forms presented simultancously to the visual and kinesthetic
sensory modalities decrease as the child matures, both 1n survivors of severe
malnutrition and 1n controls for size at birth The patterns of improvement 1n
performance exhibited by both groups approximate the form of a growth
function, with a marked difference n the value of the Intercept and 1n the age
at which asymptotic values arc attained The control group reaches the
asymptote by age 78 months, but 1t 1s not yet reached at age 86 months in
the survivors of severe malnutrition

Not only are mean number of errors greater 1n the survivors, but the
variability at all ages studied also 1s greater  Survivors of malnutrition
performed at a significantly lower level of competence at all ages. The data
clearly indicate the delay 1n development of intersensory organization present
n these children, nght from the first age studied Thus, at 66 months of age,
while seven out of every ten control children did not commit more than 28
crrors  of equivalence, the corresponding limut for he survivors of
malnut-ition was 44 crrors At 73 months of age, 75 percent of survivors
went down to 48 errors By contrast, 75 percent of the controls for size at
birth reached a figure of no more than 18 errors The hmts of errors for 75
percent of 78-month-old children were 20 and 10, respectively, for survivors
and controls Finally, when the children reached the age of 86 months, 75
percent of the controls had no more than 9 errors, while 75 percent of
survivors committed up to 15 errors.
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For the development of auditory-visual intersensory integration, the level
of competence is markedly inferior for the survivors of severe malnutrition at
all ages tested. Starting at age 73 months, 1t 1s striking tnat pot a single
survivor made at least one correct judgment. On the other hand, the
proportion of control children scoring higher than 0 was three out of ten,
with one of every ten controls reaching a 5 point score At 78 months of age,
while six out of every ten survivors still had scores of either 0 or 1 correct
response, the proportion of so poor performers i the control group was only
three out of ten This same pattern was observed when the children reached
86 months of age (figure 5 2). The proportion of very poor
performers—scores of 0 or 1--among the controls was about one-half of the
proportion found in the survivors of severe malnutrition At the other end of
the distribution, while not a single survivor gave more than 4 correct
Judgments, one of every ten control chuldren reached a 6 to 7 level

The longitudnal data thus clearly show evidence of delayed intersensory
integration development in survivors from severe clinical malnutrition,

As was mentioned above, survivors of severe malnutrition and controls
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differed not only in the nutritional antecedent, but also in the amount and
quality of the stimulation available in their homes. Thus, since on the one
hand the antecedent of severe malnutrition was significantly associated with
dimmmshed home stimulation, and on the other hand survivors of severe
malnutrition showed a sigmhicant delay in both kmesthetic-visual and
auditory-visual competences, 1t scemed logical to try to separate the possible
cffects of the nutntional and the non-nutritional variable, Qur attempt to do
so was through the inclusion of a control group of children who were never
diagnosed as suffering from severe malnutntion, but whose total scores on
home stimulation were cqual to the scores of the survivors, both before and
after the episode of severe chimical malnutrition

In constdering errors 1t 1s clear that, for growth functions, the examination
of group difference can best be explored after the il appearance of
chance performance and before performance reaches a common maximum
level, represented by the asymptote of the growth function. Accordingly,
performances at ages 73 and 78 months were selected for analysis of
performance on the kinesthetic-visual task, comparing children with and
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without antecedents of severe clhinical malnutrition who were matched for
scores on total home stimulation

Figure 5 3 clearly shows that at 73 months of age, even when matched for
home stimulation, survivors of severe malnutrition perform at a much lower
level than chuldren without the antecedent of malnutrition For example, the
proportion of control children having 10 or less errors in the Judgment of
non-dentical forms 1s twice the proportion found m the group of survivors
Smularly, while only two out of cvery ten controls commut more than 20
errors, the proportion in the survivors rises to five children of every ten
exhibiting this low level of competence

Taking a cut-oft pomnt at 25 errors, table 51 shows the proportion of
children attainmng this value As may be scen, there 1s a clear gradient of
competence among the three groups of children, with the controls for size at
birth placed at the lighest level, the malnourished at the bottom, and the
children matched tor home stimulation with the survivors at an intermediate
level of competence A Clu-Square Test of proportions indicates that these
figures are significantly different at the 0 05 level of statistical confidence

antecedents early severe malnutntion

present  M——}——X

absent o---0---9

Z | 00
[+
Q
|
X
O
W
(o]
> 080;
S
= ’
g J/
(o] ’
€ 560 !
w Jd
>
-
-4
o
=
£
o 0 40

l

T T T

0 18320 30 40 43 50 60

NUMBER OF ERRORS
Fig. 5.3



Intersensory Development in Eaily Malnutrition 55

Table 5.1

GROUPS PROPORTION OF CHILDREN
WITH < 25  ERRORS.

MALNOUR 0.529 5 of 10
SIMSIZE 1,000 10 oF 10
SIMSTIM 0.823 8 oF 10

X2 PROPORTIONS = 28.87; DF = 2; P<0,05
(MALNOUR + SIMSTIM) VS. SIMSIZE = 8,51; Dr =1; P<0.05
MALNOUR VS. SIMSTIM = 20.36; Dr = 1; P<O0,05

The proportions of 78-month old cluldren with and without antecedents of
severe malnutrition, matched for total scores on home stunulation, making
different numbers of errors m the kinesthetic-visual task, aic presented 1n
figure 54 Once again, 1t 1s apparent that survivors of severe malnutrition are
sigmificantly more advanced n their performance than children with equal
scores on stimulation, but without the antecedent of severe malnutrition. At
the ughest lcvel of performance, 1¢., no more than 5 errors, there are twice
as many controls as survivors Sumlarly, while 75 percent of the controls do
not make more than 10 errors, the corresponding figure for survivors is 56
percent,

If one takes a cut-off pomnt at 16 errors, survivors of malnutrition, controls
for home stin lation, and controls for size at birth exhibit a gradient of
performance 1n kinesthetic-visual ability sunilar to that seen for the 73-month
old children Children without antecedents of severe malnutrition and with
hugher scores on home stimulation placed first, followed by cluldren without
antecedents of malnutntion, and, finally, by the survivors of malnutrition,
who are the worst performers Differences among the three groups are
statistically significant at the level of confidence of 0 05.

Auditory-Visual Integration
The picture for the development of auditory-visual intersensory integration
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1s markedly different than that obtaned for the kinesthietic-visual task when
survivors of severe malnutrition are compared with children with the same
low scores on home stimulation but without the antecedent of malnutrition
With the caception of age 73 months, results do not reach the S percent level
of statistical significance In the other two age groups, the proportions of low
and high performers are about the same i both groups At all ages
considered, Chi-Square Tests of proportions make evident the lack of
difference between children with and without antecedents of severe
malnutnition matched for total scores on home stimulation

Malnutrition and Intersensory Development

Gopalan and lus group n India (Champakam et al,, 1968, Srikantia et al.,
1975), Wray 1n Thailand (n d ), and Cravioto and assoctates n Guatemala and
Mexico (1966, 1967, 1970), have published studies on intersensory
development 1n school-age children at risk of having had malnutrition during
the preschool age

In the Indian study, children rehabihitated from kwashiorkor (suffered
between the ages of 18 and 36 months) were compared at ages of eight to
eleven years with matched controls. Intersensory organization was poorer in
the index cases than in the control subjects, with differences highly
significant. When these children were again tested five years later, the
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differences between the two groups had considerably decreased. Although the
survivors of severe protemn-caloric malnutntion still comnutted more errors
than the control children, the difference was not statistically sigmificant.
After another two years, the performance of both gioups of cluldren was
crrorless

The apparent catch-up of the ongmally malnourished group has to be
considered carcfully When applying a test with a clearly developmental
course, the point at which the asymptotic performance 1s reached might be
the only difference between a group with normal development and a group
with a developmental delay If a child has already completed the maximal
level of performance, and another child obtams that same level later in time,
although both children now have the same score 1t cannot properly be sad
that the second child “caught up” with the first Moreover, in societies where
the demands are chronological-age specitic, the importance of a delay in
development mugit be fundamental for the future role and .tatus of those
affected This 1s true 1 spite of the fact that later m life, such as in
adulthood, the test performance of these mdividuals may not differ at all
from that obtained by therr more fortunate counterparts

In the Mexico, Guatemala, and Thailand studies, children aged five through
clever years were tested According to the physical growth achievement at
cach age level, the lower quartile of height distribution (most stunted
children) and the upper quartile of the distribution (most fully grown
children) were contrasted m therr ntersensory abilities Dafferences in
ncurortegrative skills were mamtested m afl combmations of intersensory
mtegrations examuned Tall children, partr arly in the younger age groups,
performed at a higher level of competence than stunted children Not only
were mean differences signiticant, but individual vanability in performance
also tended to be greater m the shorter children Obviously, when height is
used as an mdex of risk of exposure to prior malnutrition, at least three
contamunating variables must be controlled in mnterpreting its association with
levels of performance The first 1s that height differences should not merely
be the reflection of famihal differences in stature, the second, that short
stature should not be just another manifestation of a general developmental
delay, and third, that shorter children must not come from famihal
environments at significantly lower socio-cultural levels

These non-nutntional factors were ruled out as mamn contribuors 10 the
results obtained, smce 1) height of parents and cluldren were not
significantly correlated, 2) no significant assoctation was found between the
height of the fathers and the level of Intersensory competence achieved by
the child; 3) tall and short clildren of the same age 1n populations of
children without antecedent conditions of nutritional risk did not exhibit
differences 1n their levels of intersensory adequacy; and, 4) by the lack of
correlation between height and Income, occupation, housing, personal
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malnutrition of enough severity to depress gamn n total body length, an
analysis of the interrelations among these two variables and the number of
bipolar concepts preseat at 46 months of age was carried out. A technique of
partial correlation was used in order to estimate the degree of association
between two of the vanables, holding constant the effect of the third
variable. Wlen the relation between body height and number of bipolar
concepts was partialed out for home stimulation, the coefficient of
correlation changed from 026 to 0 23, keeping 1ts statistical significance at
the 0.05 leve! of confidence

This finding suggests that the association of height, as an indicator of
nutritional status, and number of bipolar concepts is to a large extent
independent of the effect of home stimulation When the relation between
home stimulation and number of bipolar concepts was partialed out for body
height, the cocfficient of correlation dropped from 020 to 015, and when
the number of bipolar concepts was held constant, the coefficient of
correlation between home stimulation and body height changed from 0.23 to
0.19 These results could be mterpreted to mean that home stimulation
contributes relatively more to body height than to number of bipolar
concepts, while body height contributes more than home stimulation to the
variance in bipolar concepts (Cravioto and De Licardie, 1975)

In children rehabilitated from malnutrition, Klein et al (1972) have
reported that the level of prediction of cogmtive function given by
soctocultural factors (such as quality of dwelling, father’s formal education,
mother’s dress, mother’s personal cleanliness, task instruction, and social
contacts) 1s significantly increased with the inclusion of body height and head
arcumference Smmlarly, Richardson (1976) found that the 1Qs of Jamaican
school age children who had suffered severe protein-calorie malnutrition n
infancy were correlated with the presence of the episode of severe
malnutrition as such, with total body length at the time of intelligence
testing, and with a measure of the child’s social background The percentage
of explained variance was greatest for the social attribute and lowest for the
episode of malnutntion, body height gave an intermediate value

As a part of therr longitudinal study on growth and development, De
Licardie and Cravioto (1974) decided to analyze the behavioral styles of
response of children with and without a documented episode of severe
clinical malnutnition In order to control for level of measured mtelligence, a
comparison group of children of the same sex and IQ as the survivors of
malnutrition was included, besides a group of children without antecedents of
severe malnutrition whose body weight, height, and head, chest, and arm
circumferences at birth were equal to those of the rialnourished clildren
Significant differences were found between the styles of response according
to the presence or absence of antecedent severe malnutrition. Differences in
IQ could not account for ditferences i the style with which the child
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approached the task ziven by the examiner. The survivors of malnutrition
differed from the control children in the amount and type of stimulation
available 1n their homes. In trying to separate out the effects of stimuli
deprivation from those that might be ascribed to carly malnutritton, survivors
and controls with equal scores in home stimulation were 1dentified. When the
styles of response of these children were compared, controls matched at birth
expressed their verbal “not-work” responses in terms of rationalizations of
competence  Survivors of severe malnutrition expressed therr responses
predommnantly as requests for aid, and controls matched for sex and IQ with
the survivors had smular proportions of styles of competence, requests for
aid, and substitution of the task These findings seem to mdicate that, besides
the effect of stimuli deprivation on the style of response, the antecedent of
severe malnutrition appears to be another modulator of the style of behavior.

Integrative Effect of Nutrition and Stimulation

Experimental rescarch on ammmals also leads to a consideration of an
integrative effect of nutrition and stimulation In this respect, Castilla et al.
(1973) reported the synergistic effects of malnutrition and stimuli
deprivation on the biochemitcal structure of the bramn, confirming and
extending to another expertmental model the findings of Levistky and Barnes
(1972) on the effects of nutrition and 1solation on animal behavior. Barnes
and his assoctates, on the basis of therr results from a large sertes ot ammal
experiments (Barnes, 1968, Frankova and Barnes, 1968, Barnes et al,, 1970;
Levistky and Barnes, n d , Barnes, 1976), prefer to speak of the interaction
between malnutrition and environmental stunulation The siilarity of the
birocliemical changes produced in the brain by nutntion or by stimulation
have led them to consider that the physiological mechanisms which may be
responsible for the long-term beneficial effects of early stimulation may not
be operative 1f a concurrent state of malautrition s present during a critical
period of development,

Malnutrition may thus change the experience of perceptron of the
environment by physiologically rendering the antmal less capabic of receiving
or ntegrating (or both) mformation about the environmer. These authors
have also considered that even n the absence of brochemical alterations of
the brain, malnutrition may cliett behavior that s incompatible with the
incorporation of environniental mformation necessary for optunum cognitive
development  Behavior primanly food-oriented and behavior expressed as
apathy and social withdrawal are two examples of the kind of behaviors
exhibited with a very lugh frequency by survivors of early malnutrition,

It 1s fortunate that the study of malnutrition as a possible cause of
sub-optimal mental development i human clildren has gone beyond the
simplistic attempt to consider the nutritional factor as the sole cause of the
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lower performance and distorted behavior observed 1n survivors  of
malnutrition,

Since carly development 1s characterized by the changing nature and
organization of mental abilitics, and the notion of a unitary 1ntelligence
factor may not be meamingful until age five (Bayley, 1958, Bloom, 1964,
McCall et al, 1972), 1t could be speculated that, among the specific mental
abihties, some nught be influenced by certam specific environmental or host
factors, while other abilities would be mtluenced by other specific factors
This speculation scems to be m accordance with findings that suggest that
carly performance in tests of specitic abilitics may be better predictors of 1Q
at later ages than tests that are aggregates ol varous specific abilities Along
this same line would be the reports showmg better prediction of mental
performance i carly nfuncy by sociocconomic mdicators than by mental
scales (Broman ¢t al, 1975), and the studies of Pedersen and Wender (1968),
who found significant assocations between carly soctal behavior and certain
forms of cognitive and perceptual abilities For example, they found children
who at two and onc-half years of dge  were categorized as more
contact-oriented and showed wmiore attention-seeking behavior, and who had
significantly lower nonverbal ntellectual tunctioning four years later

The 1mportance of sorting out specific mental abilities as 2 function of
macro and nucro environmental factors that would exert 4 more powerful
influence on them 1s obvious trom both practical and theoretical viewpolnts
It is of primary importance to recognize, as did John Dobbing (1976), that
perhaps no single disadvantage plays a major part 1n lowering human
achievement It 1s hoped that hvemans may have a great capacity to
compensate for one disadvantage by an advantage 1n another direction
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The Fortification of Foods

Stanley N. Gershoff

We really do not know as much about nutrition as we think we do. To
many people, nutrient fortification or enrichment 1s attractive as a major
weapon in the war against malnutrition because it provides a simple way of
increasing the nutrient content of foods In an 1deal program, basic
characteristics of the supplemented foods, such as taste, odor, and
appearance, should not be altered, and therefore educational programs or
changes in cating customs should not be necessary. But s fortification really
effective?

In 1968, the US. Agency for International Development (AID) funded
three major amimo acid fortification studies (U.S A.I D., 1976). The author
directed a nce fortification study in Thailand, another study was conducted
in Tunisia on wheat, and a third on corn in Guatemala All three studies
yielded essentially the same results no measurable health benefits resulted
from fortification. Since all of the studies were conducted properly, these
results have been disturbing

The development of low cost, practicable programs to improve the health
of people 1n these and other countries 1s urgently needed, and 1t will thus be
important to determine why tlis fortification was meffective. Nutritional
causes of retarded growth and development in the cluldren of the countries
studied were poorly understood In the Thar study, an area was picked where
food shortage was not a problem. Furthermore, morbidity studies which were
conducted on all subjects every 15 days for three years indicated that growth
retardation was not due to disease Similarly, in Guatemala, there was no
food shortage 1n the area studied. A review of the three studies indicates that
a likely reason for the lack of fortification effectiveness has been the low
calorie density of the diets consumed. It has been suggested that children
were unable to consume enough food to meet their calorie needs, even
though food supplies were ample. However, this 1s conjecture. To those of us
interested in establishing effective low-cost nutrition programs 1n developing
countries, much time has been lost. If fortification 1s to be of value, more
information will be needed.

Evaluating Effectiveness

Is there any evidence that large scale fortification programs have had a
major beneficial effect on the health of people? I believe that the answer is

[65]
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yes, although the data are very disappomnting and hard to evaluate. In the
US., for example, we have been fortifying foods sinec about 1940, 1t 1s
common to add thiamin, nboflavin, niacin, and won to such foods as bread
and pasta. These nutrients and cthers are added to cornmenl, corn gnts, white
rice, and processed cereals Vitammi D 1s added to fluid nulk, skam nmlk, and
non-fat dry mulk, vitanun A 1s also added to flud and dry milk and to
margarme lodine 1s added to table salt Flouride 1s added to water in many
parts of the country A large number of foods, particularly artificial
beverages, have been fortified with vitamun C We have essentially overcome
the problem of vitanun deficiencies n the US The question 1s has this been
a result of fortification, or, ratl er, of mmproved overall nutrition resulting
from the rnormous mcrease i the standard of living? There 15 clear evidence
that 1odme fortification eliminated gotter, and that vitamun D fortification
has had a real effect on the ncidence of rickets, although many people might
argue that the decrease i nickets i the US and Western Europe 1s, 1n great
part, a result of improved pediatric care

A good example of the sort of problems encountered n evaluating
fortification programs can be derived from experiences 1n Newfoundland
(Anon., 1949) In 1944, a nutntion survey 1in Newfoundland indicated that
the population had major nutrition problems People exlubited a variety of
chnical and biochemical signs of chronic nutrient deticiencies. A variety of
measures were nstituted to improve the situation, mcluding educational
campaigns, Iree distribution of nulk powder and cod liver o1l to many
schools, and distribution of orange juice to expectant and nursing mothers.
All margarmes were fortified with vitamms Four years later, a second survey
was undertaken. The nutnitional status of the population had improved
markedly, as demonstrated by chinical and biochemical assessments The
question which could not be answered was *“How much of the improvement
was due to nutritional interventions?”” There had been a4 conconutant marked
Increase i income, accompanied by a doubling of mmports of fresh frunt,
Juices, and vegetables, and increases n the consumy tion of eggs, fats and otls,
green leafy vegetables, and fish and meat

One often hears about the need for evaluating programs, these evaluations
are very difficult to make, whether they concern fortification programs, food
stamp programs, the school lunch program, the WIC program, or any of many
other programs that have been advocated and developed both in the U S. and
abroad. Nevertheless, 1 believe that the potential for fortification as a
significant method for attacking malnutrition remams attractive

Fortification Standards

However, considerable understanding of the nature of fortificants and
carrier foods, and of the dynamics of fortification programs, is still needed. In
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1968 the Council on Food and Nutrition of the American Medical
Association, and the Food and Nutntion Board of the National Research
Council, recommended fortification of foods under the following conditions
(Arnion , 1968) 1) the intake of the nutrients to be added 1s below the desired
level in the diets of a significant number of people; 2) the food 1s likely to be
consunied i quantities which make a significant dietary contribution to the
populauon; 3) the nutrient’s addition would not be hkely to create an
imbalance of essential nutrients, 4) the nutrient 1s stable under proper
conditions of storage and use, 5)the nutrient added 1s physiologically
available, and 6) there 1s a reasonable assurance against excessive intake to a
level of toxicity

To meet such standards in designing a fortification program, 1t would be
necessary to find ways to determine what a “sigmficant number” of people 1s,
and also whether or not these people are receving the desired amount of one
or more of the nutrients Grain and dairy products are often the vehicle for
fortification programs because they are likely to be consumed m sigmificant
quantitics A look at nutrition survey data in which the intake of nutrients is
compared to mcome indicates that there are few significant variations which
income 1n the mtakes of thiamm, macin, and nboflavin, vitamins which are
added to wheat and other gram products, while for nutrients such as calcium
and vitanun C, winch are found mainly in more expensive foods, there 1s a
marked decrease 1n intake as income drops

The prevailing conditions of food preparation and storage in many areas of
the world where nutrient fortification might be of value are far from 1deal, so
a detailed knowledge of the range of stability of any fortificant 1s important.
Iron fortification m the U S. represents unsuccessful fortification because
most of the 1ron added to our foods is in a form which 1s not physiologically
available. Agamn, greater understanding of the characteristics of fortificants 1s
nceded

Finally, mn contrast to the developing countries, the U.S. embarked on a
“vitanun race” n the 1970s. A cereal such as Total contamns 100 percent of
the adult RDA for a varniety of nutnients in an amount of cereal representing
about 2'4 percent of the daily caloric need of a not very active adult. If all
foods were manufactured in this way, we would eat about 40 times the RDA
for many essential nutrients, which would not be beneficial, and ntight even
be dangerous. Thus, careful control in fortification programs 1s necessary.

Carrier Characteristics

A variety of foods can be used as carriers for additional nutrients. Berg and
Levinson have written extensively on the charactenstics of carriers and on
problems in the inplementation of fortification programs (Berg and
Levinson, 1969; Berg, 1973). They have pointed out that a fortification
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carrier should have the following charactenstics 1) 1t should be consumed by
a sizeable portion of the public, 2) 1t should be of such a nature that when 1t
1s processed at home the fortificant 1s not lost, 3) 1t should be consumed in
relatively constant amounts through the year, 4)1t should be Inexpensive
enough so that those people who need 1t can buy 1t, and 5) 1t should be
processed 1n amounts large enough to permut control of the fortification. This
last point was a major problem for us mn the fortification of rice in Thailand,
where every village has one or two small mulls In India there are over half a
million nice nulls  These situations differ from that which we observed 1n
Tunista, where most of the wheat flour was processed in a small number of
farge mulls and fortificants could casily be added

Another charactenstic of the carrier 1s that 1t should be of such a nature
that the fortificant will not alter 1ts taste, odor, or appearance, at least to the
pomt where 1t affects consumer acceptance This turns out to be quitc a
problem. Riboflavin, for example, 1s a brilliant yellow, and the fortification
of rice with niboflavin changes the color of the rice For many years, 1t was
very difficult to fortily rice with niboflavin n places hke Taiwan and Japan,
even though a 1955 survey of the Tatwanese army ndicated that 90 percent
of the soldiers extubited mouth lesions characternstic of riboflavin deficiency
Today, after many years of nutrition education, yellow rice 1s prestigious 1n
both of these countries In our work n Thatland, we had trouble with
thiamin, which has an unpleasant odor When we put 1t m the rice of people
who get 70 to 80 percent of their calories from rice (and are thus very
sensitive to its taste wnd smell), they complamed There are simlar problems
with 10dine In a study of 52 American compantes which provide TV
dinners and other kinds of convenience foods, only two of them used 10dized
salt.

Also, the carrier must not alter the stabihity of the fortificant An attempt
to use salt as a carnier for lysine resulted in a dark salt with a pungent odor.

Another 1mportant consideration 1s that fortification should not
significantly alter food economics The addition of calcium to salt, as
suggested in India and Egypt, nught actually make 1t less expensive, since
calcium carbonate 1s a httle less costly than sodum chloride, while the
addition of 1ron to salt n India was est1 nated a few years ago to increase 1ts
cost by about 10 percent Fortification of salt with lysine, which has been
suggested, even 1f 1t were otherwise feasible, would increase the cost of salt
prolubitively

Planning Fortification Programs

If carriers that have all the desirable characteristics are available, and it is
decided as a result of controlled field studies that needed health benefits in
developing countries can be realized by using fortified food, a whole new
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series of questions arises, as discussed by Berg and Levinson (1969). Should
the fortification be mandatory by government decree, or should 1t be
voluntary? If 1t 1s decided that it should be voluntary, how should the
fortified food be distinguished from the non-fortified food? This would be a
particularly important problem 1f the fortification did not change the color,
taste, and odor of the food.

Problems of setting and enforcing standards for the nutritional quality and
purity of the fortificants are not only problems for developing countries, but
also for developed ones. When the U.S. decided to allow 30 percent
texturized soy protem nto the school lunch program as a substitute for other
protein-contauing foods, many nutritiomists became concerned. Not only was
the biological value of the soy protemn questionable, but the texturized
prcivii did not contain the non-protein nutrients which had been found in
the foods being replaced

Should the cost of fortification be passed on to the consumer or should it
be subsidized by the government? Should subsidies make fortified food less
expensive than unfortified food? It has been suggested that 1f the cost of 100
pounds of salt in Thailand, for example, was increased by one cent because it
was 1odized, nobody would buy 1t Alternatively, one could suggest that 1t be
subsidized, so that 1t would cost a cent less It 1s clear that many of the
problems of mplementing fortification or other nutntion programs are
cconomic, particularly n those countries which need them the most because
of the poverty of their people Decisions to develop fortification programs
often sigmfy the spending of hard currency on wmported nutrients and
fortification equipment Fortification programs, particularly those mvolving
amno acids, can appear inexpensive or costly depending on one’s point of
view. A lysine fortification program for India estimated to “only™ cost
$1/person/ycar would also cost about half a billion dollars

Relatively simple methods for attacking complex health probleras are
attractive  For muany nutnitionsts, and for AID’s Office of Nutrition, the
fortification of cereal grains in developing countries around the world had
great appeal as a unmwersal remedy m the late 1960’s. Over 30 nutrition
surveys by the Interdepartmental Commuttee for Nutrition for National
Defense had been completed n developing countries all over the world An
enornious amount of data had been collected i these and other countries
with the result that many nutritionists thought they fully understood the
complexity of nutrition problems In most developing countries, 70 percent
(plus or minus 10 percent) of the calorie intake comes from either corn,
wheat, or rice. A technology appeared to exist for fortifying these grains with
needed nutnients, and pressure was applied to nstitute national programs
rather than undertake more “studies.”

It 1s felt by many that when health planners advocate expensive programs,
they have an obligation to test them so that political and administrative
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decision-makers can estimate what they can reasonably expect for their
money. This 1s particularly important in developing countries, which have
limited economuc resources. In any event, [indings have indicated that
large-scale public health nutrition programs should not be imtiated without
more convincing field study evidence that they will be effective. A greater
understanding of the many factors mvolved 1n adding fortification to foods 1s
obviously needed before 1t can be fully relied upon as another weapon 1n the
war aganst malnutrition.
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The Food And People Dilemma

Georg Borgstrom

People in the United States have a very vague notion of the nature and
magnitude of the world food crisis. Misconceptions regarding the world food
and population picture are commonly conveyed by the U.S. educational
system at all levels. Important lustorical and biological factors must be seen 1n
proper perspective 1n order to provide a desperately needed understanding of
the true unplications of what 1s unfolding

When Europe reached 1ts maximum food production capacity, 1ts people
staged the biggest migration i history, siphoning off one-fourth of its
population between 1850 and 1950 For two centuries, Europe had been
stcadily lifting 1ts food ceiling through agnicultural advances But toward the
middle of the 1800’s the population reached a critical level n relation to food
resources Poverty, unemployment, and hunger rose despite industrialization,

Europeans then rapudly populated the Western Henusphere, as well as parts
of Africa, Oceanta, and Siberia By this international transcendence of their
confinement, they lost their awareness of the limitations of our planet. They
laid hands on vast grass and forest lands, which doubled their tilled acreage
and tripled their pastures

This grand happening must ke seen in the perspective of mankind’s lengthy
listory Several other regions of the world have previously been populated to
capacity China’s population reached the size of the twentieth century United
States, exceeding 200 nullion, around 1670, and by the 1970’s had
quadrupled to 800 mullion. India’s population reached 200 mullion in 1860
and had tripled by the 1970’s to 600 nullion

In both instances, the ecological balance was devastated through the
sequence of deforestation, flooding, soil erosion, and siltation. The
agricultural repercussions of this are stll felt, and were presumably brought
under control in China only m tiie 1970, The deforestation of the Middle
East and the Mediterranean area, which reached its height about 2,000 years
ago, resulied 1in much topsoil beng carried to the Mediterranean Basin, with
consequent desertification Tillage in Euarope reached highest up the hillsides
in the century betwcen 1350 and 1450, never to return as the topsotl was
forever lost. The mugrants took httle lesson from this, and, 1n taking over
North America, repeated the destruction of forestlands and souls.

There were two dramatic consequences of the European migration to new
lands. This was the first time hunger disappeared from the Western scene.

[71]



72 GEORG BORGSTROM

During this 1850-1950 period, transcontinental railroads and transoceanic
shipping emerged and made possible for the first time long-distance hauling of
food and amimal feed. All of this laid the foundation for the world trade
pattern which remained dominant until the 1970’s, when 1t was first
challenged.

Acreage and Trade

Few Americans seem to reaiize the perspective of extreme advantage from
which they observe the rest of the world. Three times more tilled land 1s used
to feed cach American (1.5 acres) than i the developing world, 1n addition
3.5 acres of pastureland are used for each American, Besides, Americans hve
under such favorable chmatic conditions that as much as 21 percent of the
U.S. land area can be tilled This 1s twice the global average of 10 5 percent
People 1n the US hold 13 percent of the world’s tilled land, but constitute
merely 5.2 percent of the world’s population This explains why they can use
about one-third of this great soil asset for world market sales. It also accounts
for the fact that, together with still more fortunate Canada, the U.S. makes
almost nine-tenths of the net grain deliveries to the world’s houscholds. It
carries, m such terms, a far greater relative world responsibility than the
Middle East does with o1l

The big U S. gram export has led to the false notion that 1t 1 feeding the
world. Tlus overlooks the fact that trade never accounted for more than
one-tenth ot what mankind 1s cating But more important 1s the fact that half
of the U.S. cercal export 1s used to feed livestock. To this must be added 1ts
soybean export, wlich also moves to support the protein sanctuaries of the
developed world. In the pudhic mund, and even mn that of many
knowledgeable circles, trade has become synonymous with aid The chief
recipients of the net trade in cereal grains are, n cffect, Europe, Japan, and
the Soviet Union. Only i a few years during the 1970’s did China and India
together receive more grain than Japan Several European countries have been
the reciprents of as much or even more grain than either China or India

The entire debate has been caught 1n the semantic trap of “grain deficit
countries,” failing to identify the truly deficient countries which are
depending on large additional acrcages abroad (ghost acreages), such as
Europe (both West and East) and Jap. n, constituting dominant burdens on
the world houschold Some European countnies have as little land per capita
a3 Asia’s teeming mullions, but they scan the world and manage via trade and
fisheries to depend on big additional acreages. This 1s rarely ever recognized.
Most European countries supplement their acreage, through trade, into the
same magnitude as North America, measured per person.

China and India figure at the bottom of the list in grain imports with some
6 to 7 kilograms per capita Therr ghost acreage 1s almost nil; both sustain a
countervailing export of vital agricultural commodities. The West must move
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out of this outmoded pattern, shaped in the bygone grand period of
colonialism.

Colonialism directed towards the warm latitudes resulted n insignificant
migration, but 1t gave rise to a land-demanding plantation economy, the main
objective of which was to provide, via trade, the needs of the homelands.
During threc hundred years of Western colomalism, the world was exploited
as one vast warehouse primartly for the benefit of Westerners In this way, the
amount of food avarlable i the colonized regions shrank, often to the serious
detriment of the indigenous peoples This tug of war goes on, and has, in
most instances, been cntically intensified, as, for example, m West Africa,
Central America, and Brazil (where cattle ranches raise beef for export to the
US.). Japan has created a worldwide network of survival bases i the
developing world. Almost the only significant counter-trend has been the
development of oilseed crops (sunflower, rapeseed, ete.), so that countries in
temperate latritudes are no longer so heavily dependent on oilseed from the
poor and Liungry countries

Paradoxically, the U.S 1snot only t' - biggest exporter of food and animal
fecd, at the rate of more than 22 billion dollars a year, at the same time, it is
the world’s biggest importer, thereby not only reducing 1ts contribution to
the vorld houschold but cutting in half agnculture’s input nto the trade
balanzc The U S. 1s, 1n effect, the world’s largest buyer of beef and of canned
meat, as well as of casem.

Europe’s net importation amounts fo an added tilled acreage of more than
74 million hectares Japan 1s depending on a ghost acreage 1n trade exceeding
35 times the tlled land of the homeland Europe 1s buying more plant
protein per year than the whole Indian subcontinent 1s cating, and Japan
approximately one-third of that. Europe s receiving 28 percent of all cereal
gramn deleries to the world market, as well as 84 percent of 1ts oilseed cake
and meal, and 68 percent of the protem in soybeans and soybean cake and
meal end up n Eurove Europe 1s further buying almost as much pea, ut
protein from India (chiefly through meal) as from Africa; together, they
would suffice to supplement adequately the cereal diet of 165 million people.,
Japan, with less than five percent of Asia’s people, is the recipient of 40
rercent of the cereal flow to the continent.

U.S. Agriculture

The U.S. produces about two-thirds of the world soybean crop and has 85
percent of the world export market This export is frequently touted as a
major contribution to alleviating world hunger, but this 1s highly deceptive
since merely a fraction, even on the domestic scene, is channeled into human
food. European farmers rely on U.S. soybeans to fatten their poultry, hogs,
and cattle. The soybeai s exported as beans and meal, with Europe and Japan
as chief recipients, carry the potential of supplementing the diet of no less
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than 1.9 billion cereal eaters. Less than five percent of soybean exports served
this purpose 1n the 1970,

China has cultivated soybeans for over 4,000 years, and was carly forced
to use them manly to feed people In contrast, the U S. has grown this crop
for less than 60 years and only on scale since the 1950°s In the 1930’s
soybeans were frequently plowed under for the fertihzing of family farms
Soybeans now joust with corn and wheat as U § champton exports, bringing
in more foreign exchange than any manufactured items, including set aircraft
and computers

U.S. agriculture can be highly proud of its accomplishments, but 1t 1s not
served well by perpetrating the false notion that 1t 1s number one 1n almost all
regards. A whole series of fallactes prevail mn this respect The U.S. 1s
top-ranking 1n yield of corn per acre but does not lead n most other crops
More than 25 countries have a higher wheat yield “~an the U S, and among
them are countries belonging to the developing world. It is frequently stated
that cach US farmer feeds 46 to 52 other people The truth of the matter 1s
that few farmers reman who are capable of feeding themselves (buying key
items such as bread, eggs, milk, and others). Behind each farmer stand major
subsidiary armies of helpers, indispensable to his operation

Waste and Utilization

The most neglected aspect of the food issue 1s what I term the “third
dimension,” 1¢  waste, sporlage, and utihzation Between harvest and
consumption, man’s competitors i the shape of rodenis, birds, nsects, and
microorganisms take an unreasonable toll of 30 to 50 percent, Measures to
reduce these heavy losses could be tied to plans for contingency storage. In
addition, considerable losses also occur prior to harvest through pests, weeds,
and diseases The rice yield 1s cut to less than half in this way

There are, however, still more msidious losses due to neghgence or
mismanagement More than one-fourth of the nulk protein produced is
allowed to go to waste or to be fed to farm ammals Oilseed protem, 1n an
amount almost four times that of leguminous sceds, 1s either wasted or used
in amimal feeds Only a fraction goes into human food In U.S. shnmping
operations 1n the Gulf of Mexico, more aquatic protein 1s thrown overboard
than 1s contamned in the total U'S cztch for human consumption

Almost half the catches of occan fish were for several years channeled into
the feeding troughs of the developed world, and 1 the late 1970 around
one-third still was going for ammal feed Developed nations secure a lion’s
share from the oceans Out of that part of catches which 1s channeled into
human consumption, no less than 65 percent 1s captured or purchased for
consumption by developed nations. Europe, as early as the sixteenth century,
stretched out to tap the Newfoundland banks Following World War 11, there
was a spectacular oceanic repeat of the global “land grab” by the West. Huge
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flects were deployed by the Soviet Union and East and West Europe. The
U.S. emerged as the biggest buyer on the world market of fish and fish
products, at the rate of two billion dollars per year.

Signs of overfishing abound Despite declining returns on each catching
effort, investments climbed n a frantic attempt to stretch out to new fishing
grounds Japan jomned 1n this grand-scale operation Fishing was intensified far
beyond biological potentials and quotas were implemented greatly above
what expert surveys endorsed, totally ignoring the jeopardy to fish stocks. All
mancuvenng by Japan, Europe, and North America (and to some degree also
the Soviet Union) duning the 1970°s aimed at circumiventing any anticipated
restrictions, This was done by creating joint companies around the world and
engaging in flag changes.

Animal Food Production

The result 1s that this “last continent” has been tapped, not to feed the
developing world, but the reverse During the 1970's, some efforts were
discernible which aimed at channeling more aquatic protein into food and less
into animal feed This reversed a 20 year trend to dispose of a growing
percentage of the ocean ca.ches as fish-meal for animal feed Tlus strong drive
had peaked in 1969-70, when half the ocean catches were to feed livestock.

Each Westerner, due to an exorbitant level of animal food production,
requires three to five times more gram for daily survival than each person 1n
most of the developing world Lach U S, citizen requires 1,980 pounds of
gramn per year Only 121 pounds enters into bread and other cereal products;
230 pounds goes nto thie manufacture of beer and other alcoholic dimnks
The rest 1s consumed by hvestock Few developing countres could allow
themselves to ecarmark 40 to 80 percent of their tilled land to amimal
fecdcrops (82 percent in UK, and 67 percent in the US) Despite the
energy and money cnises, beef production in developed countries went up by
14 percent, and pork by four percent, between 1973 and 1975.

Population

The population of man’s iving domain, his biosphere, 1s not limited to the
1976 figure of 4 2 billion persons It 1s actually five times larger and should
read 21 billion, out of which livestock, inclusive of poultry, accounts for 16.8
bulion This 1s measured on the basis of protein intake The feeding burden of
the US 1s thereforec not limited to 215 nullion, but amounts, in such
biological terms, to 17 bdlion This means that the one billion population
increase expected during the 1980’s should read five billion, simiarly
measured.

There are indications that food 1s not matching these gigantic orders. The
backlog 1n numbers of inadequately fed, now almost two billion, 1s growing at
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an alarming pace, with half a billion in the immediate danger zone, Incquities
are increasing. The gaps in food consumption are widening at an accelerated
rate. Despite expanded acreages, the tilled land available per person in the
developing world 1s declining

FAO shared for ycars with the U.S. and the European countries the notion
that food production was moving irresistibly upwards, like GNP curves, with
a regular annual percentage increment. This was scemingly supported by what
happened in the twenty-year period 1952-1972, which gave us a wrong
perception. That period was unique in world listory At no time 1n the last
ten centuries was there globally ever a 20-year sequence of such chmatically
favorable years. This fostered the false belief that technology had removed
agriculture from the vaganies of the chimate, which thioughout lustory has
played havoc with crops and livestock. In 1972-73, the US. nonchalantly
dipped to the bottom of 1ts gram bins, and only in 1976 was there a
substantial refill

In the aftermath of the Rome Conference, a World Food Counctl was
created. Despite innumerable meetings and the services of highly devoted and
competent people, 1t was only n 1976, three years later, that ten million tong
of wheat was pledged to go into contingency storage Yet, by all gauges, this
1s a very fragile and nadequate mnsurance to a world where merely the
population growth adds the need of seven nullion metric tons every year The
annual gram production in the 1970's showed an average fluctuation between
years of no less than 25 nullion metric tons (wheat, seven million).
Throughout history every civilization considered the saving from good years
to bad ones a prime requisite for survival,

The world will have added to 1ts feeding burden more than one billion
persons before 1988, 85 percent ot whom will be counted as poor and
hungry. This growth in numbers 1s unprecedented 1n history. We are adding
the equivalent of a new Europe cvery sixth year, a United States every third
year, and a Canada cvery third mon:h. Asia 1s adding almost a new Japan
every two years Africa will add close to the equivalent of two United States
before the year 2000, and Latin America 15 the fastest growing area of all,
Popular writings and numerous specialist reparts erther gloss over thus 1ssue,
or fail to recognize 1ts gravity. China has almost 300 million children, and
India around 250 mullion; we are faced with a you,.g world.

Environmental Issues

The half billion people who live 1n developing world wvillages have
seemingly been forgotten, HABITAT, the 1976 Vancouver meeting on human
settlement sponsored by the US., became bogged down in the minutiae of
urbaii planning; villages and rural issues were hardly ever mentiuned. This was
the greatest flaw of all. The rural and urban world are trrevocably tied to each
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of the water and brings the risk levels closer in time. More realistic concern
was expressed at the U.N.’s Mar del Plata (Argentina) Water Conference in
1977 regarding the true role of irngation.

Erosion

Making deserts bloom 1s unquestionably one of technology’s masterpicces.
Yet, man at the same time created five times larger acreages of deserts, or
some 1 2 buhon hectares, whether through neghgence, 1gnorance, or sheer
pressure of numbers in man and livestock Tlus 1ignorance of hmuts 1s an
outgong process No less than 60 to 70 percent of currently-used
pasturelands arc threatened through overgrazing, which Jeopardizes the plant
cover,

The US must also recognize ecological constrants. The acreage
restrictions through the Soil Bank were a godsend to the semi-arid sections of
the dry prainie, and were in part crucia! to avert future repeats of the Dust
Bowl catastrophe of the 1930’s Reports of record crops overlook the fact
that more than 74 milion acres (29 5 million hectares) were added to U.S,
tilled land by hfting the Soil Bank restrictions Such a gain corresponds to
more than the combmed tilled lands of France and the United Kingdom (26
milion hectares), or 2 3 times that of Italy, or the combined cropland of
both West and East Germany and Poland (27.9 million hectares) Almost no
country 1n the world could have made such a jump 1n so brief a time This has
not only hidden or masked cnitical adversities in U.S. crop production, but
httle 1s said about the high price paid 1n soil erosion In the 1970’s, the U.S,
suffered the biggest soil erosion losses since the crisis of the 1930’s.

Forests

In man’s quest for food and animal feed, more than half the world’s forest
cover has vanished, large arcas of grasslands have been plowed, and others
turned nto deserts through overgrazing Major groundwater reserves have
been irreversibly consumed, and there 1s no way of returning these hecatombs
of water which man has transferred to the oceans In order to accommodate
the future human population, 1t 1s anticipated that half of the now remaining
forests will have to yield to the plow . provide badly needed pastures. These
predictions are i poor accord with anibitious plans for expanded forest
production, partly via plantations on tilled land, to fill the needs for both fuel
and forest products On the whole, the close interdependence of forestry and
agriculture 1s far too little heeded 1n development projections

Land Use

In endless vanants, the statement 13 made that mankind is only using half
of the world’s arable land. A doubling s consequently claimed to be within
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reach. Such statements have no relationship to the realities of the planet. A
ferocious battle is raging betwecn agnculture, forestry, urbamization,
industrialization, and road buiding. Big swaths of land are cut out for
transfer of electricity. Recreational areas and wildlife habitats are threatened
or are gradually climinated, in many instances unknowingly. There is also a
growing discrepancy between land surveys and actual conditions; the
bureaucracies of many countries fail to register lands already being utilized
for (or even degraded by) grazing, lumbering, and settlement.

Energy

Energy, land, and labor stand 1n intricate relationship with each other. The
man that tills the ficlds and tends to livestock utilizes more cnergy than the
industrial worker with all of his energy-devouring maclunes. By 1972, the
encrgy required to provide the average protetn intake of each person i the
United Kingdom (31 kilograms/year) had nisen to almost one-quarter ton of
oil. This corresponds to the total per capita use of fuel energy for all purposes
in the developing world. Yet this 1s only at the farm gate — and not the whole
story, when taking into account storage, processing, and marketing. This, in
itself, pomnts tc the gross global inequities with regard to both food and
energy,

The equivalent of 12 or more tons of o1l are needed to land an edible ton
of shrimp. It 1s no comcidence that highly nourishing food has bscome a
luxury 1tem — a privilege enjoyed primarily by the U.S , Japan, and France. A
ton of eviscerated fish requires an average of one ton of oil for long distance
trawhng The truth 1s that both an agriculture and a fisheries which are
beyond the reach of the developing world have been created, and it 1s highly
questionable whether the developed world can persist in upholding this
extravagance,

Close to 0.8 tons of petroleum fuel 1s required annually to feed each
person 1n countries hke the U.S and the Untted Kingdom. This 1s three times
the average per capita use of fuel for all purposes in the developing world,
which cannot emulate such a wasteful food standard. Much energy 1s used in
transporting, storing, processing, packaging, marketing, and cooking food.
These sections of the food system in a modern industrial nation require far
more energy than the actual growing of crops and raising of hvestock.
Feeding the urbamized mulions hinges on this lifeline, which by necessity has
to be made far less energy-costly.

Agriculture 1s right n the nudst of the land tug-of-war between basic food
and fuel needs on the one hand, and th: demands of industry and
transportation within the expanding cities on the other. Spokesmen for
so-called “progress” arc so totally unaware of the indispensability of tilled
land that they look, in all seriousness, towards the day when all surface traffic
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is placed underground and agniculturc has been moved out to ocean
platforms. Terra firma 1s to be devoted exclusively to supersonic air traffic
and housing. According to this school of thought all food will be made
synthetically, presumably also n floating factories to circumvent pollution,
This 1s a telling example of the total absence of even the most basic insight
into man’s dependence on the biosphere, and, for that matter, the
prerequisites for life on spaceship Earth

Teward the Future

In the overall perspective, the development of the third quarter of the
twentieth century was charactenized, n part, by mmpressive achievements 1n
agriculture, fisheries, and technology, but overall strategy has been, and 1s,
lacking. People have been alienating themselves from the stark realities of the
world, not recognizing the huge existing disparities

Misconceptions also pervade the technical response to these urgent needs
There has been far too hittle regard for biological facts and true economics, as
reflected i energy costs The U S, practices deep-sea fishing and 1s developing
mariculture It indulges in devising new protein sources based on costly
fabncated foods, such as fish protemn concentrates and textured proteins Yet,
the big inmediate gans are to be fourd by reducing waste and spoilage, and
expanding the pulse crops Beans and peas constitute a far cheaper protein
supplement to cereals The raismg of legumes has lagged behind, and
imbalanced the diet of tens of millions of people This was their only
safeguard agamst malnutnition engendered by cereal inadequacies and an
increasingly lopsided dependence on one kind of ¢ p

More than one thousand fermented foods are known, of which several
constitute good and cheap protemn alternatives karly Oriental civilizations
devised methods of enhancing these rich plant protemn resources, and making
them more accessible to the human gastric system Nutritionists and planners
should take some guidance from these one-time nnovations, and greatly
improve on them. Vital to both the developed and the developing world will
be the need to create supplementary food-producing systems by waste
recyching, both in agriculture and forestry, and, more mportantly, in the
remodeling of the urban ecosystem. The food debate generally has centered
around the twin 1ssue of food and people As long as there was a comfortable
margin, more people did mean more food — tilling more land, felling forests,
draining and irngating lands — resorting to mcreasingly sophisticated methods
as agncultural technology evolved Western rman clearly saw the linuts
emerging n the mid-nincteenth century, and was seriously feeling the
pressure. Due to the success of the great nugration of people from Europe
which followed, the fallacy persisted More food feeds more people only 1f an
cquitable distribution takes place In far too many cases, only trade has
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flourished, aggravating food shortages as well as malnutrition. In contrast, it is
equally true that adequate food enhances man’s productive capability, and
also reduces mortality — this 1n itself results 1n a reduction of the imperative
to have more children.

In analy/ing hmits and how close we are to them it 1s, however, urgent to
recognize that food and population are intricately interrelated. Four points
should be constdered (1) food utilization, (2) resources, (3) nutnition, and
(4) discases They are all essential considerations in formulating a food
Strategy, a viable program for the future which can operate within the given
Imuts of our planet Most food policies have failed to grasp these broader
interlinkages There are no simple solutions, 1f there were, we would long ago
have implemented them. We have to put a stop to restricting bold action, to
removing symptoms or applying bandaids, causes must be identified and
constructive, long-range measures developed

How ncar we are to the hnut 1s measured by the fact that there are, on the
entire planet, no more than some 470 mullion persons who eat as well as an
average American If all globally available food were equally distributed and
cach one received a U S diet, some 960 nullion would be provided for This 1s
less than one-fourth of the present world population If all the tilled land
were used for the raismg of food nstead of anumal feed, and diets were
accordingly adjusted, almost everyone alive would receive sufficient food.
During the 1980’s still another billion will have to be provided for, the nceds
of which will have to be measured agamst land, water, energy, and fertilizers
~ all arcas within which serious linntations already prevail A new strategy 1s
therefore urgently called for The world s actually in a state of emergency

Our acting and thinking must be based on pertinent facts They cannot
continue to be affected by propagandistic reassurances or exhortations, A
broad-based education clanfying the true survival base of each American in
terms of land, water, food, and energy requirements must be inculcated. A
major goal of education should be to stop this frightening escape from reality
by creating a broadlv founded awareness of the basic requirements for human
survival
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A somewhat heated controversy among nutritionists today relates to the
existence of a “protein gap” or a “calone gap,” and there 1s considerable
concern over the establishment of priorities among alternative strategies for
dealing with the gap, 1f one exists It could be argued that there never was a
protein gap, and that, while many people have calorie intakes that are below
the amount that would allow them to have an active and fulfilling hfe, there
1s probably no calorie gap 1n the sense of an imbalance between total available
calonie supplies and aggregate calorie needs The nutnitional status of human
populations can be viewed as an observable charactenstic — an output or a
consequence — of the total behavior of human ccosystems. If we accept that
malnutnition 1s a systemic falure, then we are concerned also with the
intervention that 1s required to modify the ecosystem and thereby reduce
malnutrition,

Protein Requirements

For years, 1t was believed that there was a protein gap — that is, there was a
critical short-fall between the supplies of protein available in the world and
the necds of pecople for protein This was a result of where standards for
protein intake were placed (on the high side of physiologic requirement), and
how standards were interpreted In the 1970, serious controversy arose as to
whether or not lower standards were adequate The reason for the
controversy was that an expert group convened by the UN.’s Food and
Agniculture  Organization and World Health Organization (FAO/WHO)
lowered the protein allowances to a new, so called “safe level of intake” n a
1973 report (FAO/WHO, 1973). They thereby snapped shut the protein gap
That action launched a number of debates — some in the literature
(Scrimshaw, 1976), and many rather heated — about whether or not the new
levels were correct, and whether or not there was a protein gap.

In the early days of nutrition studies, standards for protein were really very
high. This refers to those elaborated before the 1900%s, by Voit and Rubner
in Germany, and even ecarher, by Smith 1n England, and Atwater in the U.S
All these experts stated that protein intake ought to be on the order of
100-150 grams a day. They arrived at this conclusion by using one of the
possible methods of establishing standards observed intakes of healthy
people. The nature of a sampled population is important; in this case, they
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were laborers, Smuth studied cotton workers, and one of his criteria in
selecting a sample population was that indwiduals should be involved in labor
that carned them their own support and which was valued by the society.
Thus, he chiminated both ends of the economic spectrum, the intellectuals
and the rich who sat much of the day, and the under- or uncmployed poor.
Voit observed a somewhat broader population — soldiers, agricultural
workers, and so forth. All these active people ate about 100-150 grams of
protemn a day, and they appeared tv be 1n good health, so 1t was concluded
that that was what the protein requirement was

Nitrogen Balance

This high figure was challenged from time to time. One of the early
challenges in 1901 came from Swén, in Scandinavia, who carried out what
probably was the first mitrogen balance experiment intended to determine
what human requirements actually are. Nitrogen balance is the difference
between measured mitrogen (.16 x protetn) intake and the output In urine,
feces, and from the skin and nuscellancous routes Negative balance
(output>intake) means a loss from the body, and positive balance means
protein storage He reported balance 1n adults when they ate 25 grams of egg
protein a day In that same period (1905-1910), Cluttenden n the U.S.
undertook studies of many subjects whom he maintamned for long periods of
time on low protemn diets — he himself followed one and advised everyone to
do so Chittenden stated that the true minimum requirement was 39 grams of
protein a day for an adult, but, recognizing that there are differences between
people and differences m the kinds of protein eaten, he suggested an
allowance of 50 grams a day. These lower figures were then challenged, and a
controversy was launched i very much the same vein as in the 1970%,

Studies by McCay

The controversy was beneficial because 1t made opposing forces seek other
indicators of proper protemn nutrition than simply nitrogen balance, A
dominant critic was an Englishman named McCay He was among the first to
Ink nutntion with height and weight, morbidity, and hfe expectancy, He
looked at groups of students :n Bengal, some were Eurasians and some
Bengali, and they ate different diets - the Eurasians a more typically Western
dict and the Bengalis a rice-based diet The Bengalis were smaller and had
poorer nealth ndices, their protein intakes were nearly the same as
Cluttenden’s recommendation on a body weight basis (Average body weight
was lower n the carly 1900’5 than the 1970’s and Chittenden’s
recommendation was equivalent to 0 94 grams per kilogram of body weight.)
The Bengali students eating a rice diet had a very low protetn intake but were
quite small, so their intake was 1.25 grams per kilogram. Chittenden answered
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McCay’s criticism by stating that much of the poor rating of the Bengalis
probably related to the fact that their diet was monotonous, and that 1t was
not very well balanced That was a remarkable statement for 1910 because
vitamins had not yet been discovered, but Chittenden recognized that a
balance of foods was required to mamtain health Controversy i the 1970%
has volved the same 1ssucs Is mtrogen balance an adequate criterion? How
do other dictary proteins compare with egg protein? What better criteria of
adequacy can be identified?

It s difficult to know what people should have i their diets. It 1s also
worth noting that, i spite of the 70-year debate among scientists, there is no
evidence that people Lave eaten any differently because of expeit views and
recommendations People appear simply te select what they like from among
the foods they can produce, or from those available 1n the market at prices
they can afford Physiologically, what governs the amount of food eaten is
the energy need, but what governs the type of food caten 1s preference.

Protein Allowances

Protemn allowance figures have also been established by various commuttees.
The first internationally recognized standards were from the League of
Nations in 1936, and were based on ordinary diets. The first set of
recommendations by the US. National Academy of Sciences/National
Rescarch Council (NAS/NRC) were formulated at the end of World War I,
and they were sinlar to the League of Nations recommendations

An FAO/WHO commuttee met 1955 and drew up a set of
recommendations wlich they gave in terms of a hypothetical reference
protein, a protemn of good quality egg A 1965 comnuttee used as reference a
hypothetical  protem  of 100 percent  utthzation  quahty.  The
previously-mentioned [ AG:WHO 1973 report stipulaied *safe levels of
ntake” m the form of egg or muilk protems In all three of these reports,
directions were provided for adjustment of dietary allowances of protem
according to the mix of tood protems i the ordmary diet

Recommended allowances ol protem, both American and internattonal,
have been lowered simce the 1930°s The reduction in allowances for young
children occurred i the 1965 revision of mternational standards, and the
1973 allowances for cluldren are not sigmibicantly different from the 1965
figures. The 1973 commnttee did, however, recommend much lower
allowances for teenagers and adults Allowances for teenagers are less than
half the onginal recommendation by the League of Nations, and the adult
values are lower stll The value established for adult males 15 0.57 grams of
egg or milk protemn per kilogram of body weight, or for dictary protemn with a
score of 70 (relative to cgg/milk), 0.8 grams per kilogram. For women 1t 1s
shghtly lower, about 0.75 grams per kilogram. In 1973, the National Research
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Council recommended allowances of 0.8 grams per kilogram body weight for
both men and women, a figure far below the average American intake of
protein.

Natjonal Protein Needs

National protein needs have been computed from these allowance figures,
taking into account the demographic charactenstics of the population and
adult body weights The figure so computed may be expressed as total
national need or as per capita requirements for the country Common
practice 1s to compa-e these calculated requirements with food production or
disappearance  statistics  to  deternune 1f national *intake” meets
recommended allowances All such calculations can show 1s whether or not
sufficient food protemn 1s available for a country as a whole; without
knowledge of food distribution, 1t 15 not possible to derive valid estimates of
the nisk of protein deficiency n the population However, nattonal protein
availability figures based on the higher recommended allowances indicated
that some countries did not have protein supplies adequate to meet needs.
This gap disappeared when needs were recalculated according to the 1973
allowances.,

In terms of national statistics, only changes i the allowances for older
children and adults have any significant impact on calculated per capita needs
because of their proportional contribution to the population, coupled with
larger body size. It matters but little where the allowances for very young
cluldren are placed, because of therr small size, and the allowances for
pregnancy and lactation have hittle impact because of the relatively small
numbers ivolved

There are other p.oblems in attempting to estunate the magnitude of
protein deficiency, using allowance figures as a base, which are not fully
appreciated These stem from the manner in which recommended allowances
are derived Expert committees attempt to derive a figure that represents the
average requirements of a4 population according to some stated criterion, and
then add two standard deviations to that figure, so that 1if ai individual intake
meets that level there 1s a very low probability that needs are not met. This
procedure 1s acceptable for most nutrnients, most vitamins and munerals, and
protein, because there 1s thought to be little risk from excess intake compared
to needs. Experts have taken a different view of calorie allowances because
intakes over or under true needs have serious problems associated with them.
Comparing an individual’s intake with a recommended allowance can, at best,
provide an estimate of the risk of deficiency, and the risk assignment is
different for calore than for protein comparisons The hiterature 1s filled with
studies that conclude that people are at nutritional risk because intake falls
below two-thirds the recommended daily allowance, yet that level 1s above
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the average requirement, so Su yercent of the population would have needs
fully met Thus, these comparisons tend to lead to crroncously high estimates
of deficiency risk.

Calorie Requirements

Simple calculation of nutrient density requirements (nutrtent calorie
ratios) gives spuriously high figures tor the dverage person because of the
different bases of the allowances for calories and other nutrnients On the
other hand, given that food 15 avar'able, people tend to meet or exceed their
needs for calories Thete s no known physiological drive for any nutrient
except salt, and thus no guarantee that a person with Ingh protemn
requirements 1s necessanly the highest consumer of protein As the tactors
that atfect calorie and protem requirements are not the sane In totality, there
15 also no guarantee that the person with 4 high caloric requirement also has a
high protein requirement, the converse could well be truc  Thus, the
percentage of calories derived from protemn i the mdwidual’s diet 1s not a
safe predictor of adeauacy unless the obverse extreme sttuations are used as a
basts of calculation  (lowest calories, highest protein) In caleulating
population  food supplies, probable  distrbution  of calorie  and
proten-yielding foods among consumers also must be taken mto decount, and
these caleulations lead to unreahstically high and wirtually unattainable
percentages of protein and cilories in national diets (Beaton and Swiss, 1974,
Payne, 1975)

None of the national ¢:iculations taken alone can yield rehable estimates
of protein or calorie deficiency, because we do not know who cats what
There are undoubtedly people 1n all populations whose habitual intake does
not meet calorie or protein allowances There are others whose intake does
not meet thewr individual physiologic requirement This ceems a contradiction
In terms because 1f, fo- example, true calorie needs aie not bemg met, then
the person should waste away and dic Many do ‘sut others survive by being
undersized and less physically active then they should be for full functional
competency in society  What 15 tmplied by saying hat children’s calorie
intakes are below requirement 1s that they cannot grow to therr genetic
potential, they cannot run and play, and they cannot explore therr
environnent and develop wully The cost of habitually low ntakes by adults 1s
to be counted tn their legacy of childhood unacrnutrition, coupled with their
present lessened ability to produce or procure their own subsistence, to care
for therr families, and to contribute to the life of therr communities, In the
case of calonies, more importantly perhaps tnan for any specific nutrient, we
must begin to define “requirement” not stimply according to biological
critena, but rather according to a range of socilly significant functions
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Food Supply and Malnutrition

However the figures are denved, it 1s clear that some countrics have a
higher per capita supply of calories and protein than do others. Population
surveys reveal that far too many houscholds in far too many countries have
real gaps between their food supplies and those ntakes thought to be
compatible with growt ', health, and a fulfilhing hfe Studies of individuals
reveal that many do su.fer from the effects of acute and chronic shortages of
feod, and especrally of foods of good nutritional quahty Food shortage 1s
only vne deprivation experience of most of those affected, they lack also the
range of goods and services that societies can and should provide

As long as authonties are allowed to view the pervasive problem of
depnivation 1n terms of “food availability,” 1t 1s unhkely that correct action
will be taken Programs designed to improve foo.l production will result 1n
sustaned mmprovement of the nutritional state of those malnourished only 1f
productton 1s increased by strategies that increase the productivity of those
who cannot now provide for themselves Giving food, such as dispensing milk
to children m Chile, commodity foods to impoverished Americans, and cereal
grains to poor nations, and other philanthropy, only buys a hittle time.
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World Food Requirements
And The Search For
New Protein Resources

Max Milner, Nevin S Scrimshaw, and D I.C Wang

Background

Developments on the world food scene in the 1970° sharply intensified
Interest 1n research aimed at increasing food supply. As a consequence of
these events, questions have been raised 1n the U.S, about its own longer-term
capability n food and protemn production to fill domestic needs, to sustain
major export demands, and to respond to urgent international ermergency
feeding programs

In this context, the National Science Foundation (NSF) found 1tself
recerving, primanly from unversittes, requests to finance projects for research
into an array of unconventional and novel protein sources It quickly became
evident that there was a lack of information which would pernut critical
Judgment of the relative priorities for such funding requests It was clear,
furthermore, that, mn the foresecable future, the bulk of U'S and world food
supplies would have to come from traditional agricultural sources, Logtcally,
therefore, fundamental and applied research for improving the productivity
of conventional agriculture would have to have the greatest emphasis, and
priorties assigned to unconventional protetns would need to be Judged n this
context,

With these considerations n mind, NSF proposed to the Department of
Nutrition and Food Science at the Massachusetts Institute of Technology
(MIT) a study to analyze, 1n some detail, the status and potential of all
relevant protein resources, and to provide recommendations for carefully
selected projects and priorities worthy of research support The MIT
summary report and recommendations to NSF on protein resources research
appeared carly 1n 1976 It may be worth noting that almost precisely at the
time this MIT study was nitiated, the National Academy of Sciences (NAS)
received from President Ford, as a consequence of Sccretary of State
Kissinger’s comnutments to the UN. World Food Conference, a request to
develop specific recommendations for how the nation’s agricultural research
and developmental capabilities could be applied to world food supply
problems. The Academy’s summary report appeared in the summer of 1977.

The MIT study recognized that many aspects of protein resources research
are already recewving attention, principally from the U.S. Department of
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Agriculture, from the state universities and land grant colleges with their
associated experiment stations, and from industry Nevertheless, study team
members were convinced that 1mportant arcas of research vital to
strengthening U S. food and protein productivity are either inadequately
funded, or arc entirely neglected, in terms ot available research support. Also,
in the decades ahcad, notwithstanding the recent improvement ot food
avallability i nternational markets, there 1s likely to be a need to
supplement conventional agriculture, and some resources should be directed
toward rescarch on possible unconventional protein sources, as well as toward
nnovative arcas of agricultural research not now recewving adequate attention
and support These are the primary areas which the MIT study delineated,
and recommended for NSF research emphass.

Organization of the Study

In addition to a Policy Adwvisory Commuttee, various groups of specialists,
organized into commuttees or working groups, developed the information
needed to cvaluate problems affecting protein production and the status of
various resources and their rescarch needs Estabhishment of research
priorities required an eshmation of both domestic and export protein demand
for the remainder of the century, and an assessment of the hikelihood that
these demands would be satistactorily met from traditional U.S crop,
hivestock, and fishenies resources Problems which were analyzed generally
included nutritional quahity and its assessment, toxicology and food safety,
processmg technology, energy coustraints, plant genetic potentials, nitrogen
fixation, marketing of protem foods, and legal, regulatory, and pohitical
constraints which may nfluence mtroduction of novel protemns Protein
resource areas for which status analyses and research recommendations were
prepared included gram crops, cereal proteins, osceds, food legumes,
hvestock pioduction, dary products, meat, poultry and eggs, aquatic
proteins,  potatoes,  nonphotosynthetic  single-cell  protein  (SCP),
photosynthetic SCP, leal protens, and chenucal synthesis of nutrients.

Significant Determinants of Rescarch Recommendations

Review by the Policy Advisory Comnuttee of the extensive documentation
prepared for this study suggested that there were a number of significant
conclusions or hypotheses which had constderable relevance when identifying
rescarch recommendations and priorities The following are pertinent

1. US agriculture will continue 1 the foreseeable future to supply n
abundance the prctiin foods and feeds to winch this country has become
accustomed, but 1t will obviously do so with rising costs and increasing
pressure on our land, energy, and environmental resources.

2. Appropriate research and technological development must be pursued
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more vigorously to aclieve increases in productivity, protemn quality, and
protein quantity of primary food crops and aquatic resources, to meet both
domestic demand and export opportunities

3. A strengthening of food and agricultural research capabilities will be
necessary to ensure contmnued growth of food ¢ :port, which 1s a major
contributor to the mamtenance of favorable U.S. trade balances. With
adequate rescarch support, and 1f other appropniate policies are adopted, U.S,
food export capacity should merease at a rate following the trend established
piior to 1972 until at least 1985

4 The food and teed demands of alfluent ndustrial countries will
continue to increase and will exert growing pressure on food resources
availlaole n international markets

5. Lven with probable improvements, the agricultural production
capacitics of some major developing countries will not soon be adequate to
feed therr growing populations They will need to import food fer many years
to come and surplus producers such as the U S and Canada will play a leading
role in supplying these needs, largely on regular commercial terms

6 When developing countries improve their own agriculture and food
production capabilities, not only will the nutritional status of therr
pepulations be increased, but, experience has shown, they will also tend to
increasce their commercial food purchases in intetnational markets

7 In the foreseeable future, the relative cost of proteins (e.g, meat,
soybeans) for human and ammal feeding 1s Iikely to mncrease more rapidly
than the cost for staple sources of food or feed energy (e.g , corn, wheat),

8. The foresecable domestic and world demand for soybeans as a primary
protein resource, notwithstanding increasing production i other countries
such as Brazil, will grow faster than for other food or feed crops While a
major breakthrough in soybean yields may occur, 1t 1s not likely to be
effective in the next ten years Tlus will stimulate nterest in alternative
protein sources of both conventional and unconventional types

9 It 1s likely that new and more productive gramn crops will be
developed, particularly from intergeneric crossing of cereals, of which triticale
1s a prototype

10. The marketplace must reflect the increased value of crops offering
mmproved protein quality and quantity 1f farmers are to be persuaded to
produce them. Incentives may also be needed to encourage commercial
nitiatives by the seed industry and others directed toward more rapid
development of improved food crop varicties

11 The increasing costs of agricultural food production may eventually
encourage the use of unconventional techniques for protein production which
are not now commercially competitive
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12. The reclaiming of organic wastes of all kinds for food and feed use 1s a
major prionty,

13. The development and application of innovative food processing
techniques, and of new science and technology, to the production of protein
foods, will requne fair and objective regulatory standards and procedures on
the part of federal regulatory agencies such as the Food and Drug
Adminstration, the U.S, Department of Agricilture, and the Environmental
Protection Agency.

14. Acceptance by the consumer of novel protein foods to any sigmficant
extent will require mnovative marketing and promotional approaches which,
to be cffective, must go beyond emphasis on nutrittonal benefits

15 Adoption and enforcement by many countries of the 200-mile
offshore fislung hnut will remove some prime fishing arcas from free
mternational exploitation, and thus may atfect proten supplies and prices in
mternational markets. Over 30 countries, including the U S., have already
adopted this linut,

Common Problems and Issues Requiring Research

Nutrition

Adequate assessment of the protein problem 1s handicapped by lack of
knowledge n two fundamental areas* (1) human requirements for protein at
different ages and in different physiological states, and (2) the evaluation of
protem quality of foods These issues are further complicated by ncreasing
evidence that both are greatly affected by calorie excess as well as calorie
deficit

It 1s apparent that the recommendations for protemn requirements by the
UN/s Food and Agnculture Organization and World 1lealth Orgamzation
(FAO/WIIO) and, sumilarly, those of the National Academy of
Sciences/National Research Council’s Food and Nutrition Board, do not
provide an adequate basis for deternunation of a safe, practical allowance for
etther indviduals or populations, especially under adverse environmental
ciicumstances

There 1s an urgent need to develop and apply inproved methods of protein
quality evaluation which are suffictently rapid and expensive to be used by
the food mndustry, by regulatory agencies, and by plant breeders secking to
develop new crop varteties of high nutritional value. These methods should be
feasible for use with the extremely small samples hkely to be available. For
novel protein sources 1n general, and particularly for both novel and
conventional sources subject to extensive processing, evaluation of protein
quality is especially important,
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Toxicology

Toxic factors, which even m small amounts may pose a threat to animals
and humans, occur in many widely-used foods unless the foods are specially
processed or restricted n use A group of inhibitors of protein digesting
ensynies — ¢ g, the hemagglutinms (lectins) and try psin inlubitors, which are
themselves proten i nature - oceur widely n food legumes (peas, beans)
and oilseeds (soybeans) Fortunately, most of these inlubitors are deactivated
by heat durmg processing. Cyanogens (glucosides contaming hydrocyanic
acud) occur in sigmibicant quantities i toods as diverse as lima beans, almonds,
cassava, and sorghum Saponims are toams oceurning in over 400 species of the
plant kmgdom  mcluding sugar beets, spmach, and asparagus Gossypol 1s a
toxic pigment found i cottonseed (Gossvpuan) — Favism 15 a
genctically-linked discase caused by mgestion of a toxin mn broad beans (Vicwa
faba) Lathynsm can be severely debiitating and even fatal in humans
ingesting the legumes of the Lathyrus (sweet pea) species Goitrogens, usually
in the form of thioglucosides, are present n the Brassica species (cabbage,
turnips, and mustard) A variety of antvitamins also oceur in plant toods

In addition to natural food toxms, substances which are potentially
hazardous to man and anmmals may be added to foods as preservatives or
colonng and flavoring agents Some toaicants may be introduced
umintentionally through the use of pesticdes or fungicides  Food-safety
problems associated with mcomplete removal of mycotoxins and other
mucrobial toxms are well recognized

In many cases, studies on experimental ammals alone are not sufficient to
detect all possibilities ol adverse reactions i man, since symptoms which may
appear i human tnals may not arise in experimental ammal tests.

The need for toxicity studies 1s particularly evident with such proposed
new protein sources as single-cell proten from both photosynthetic and
nonphotosynthetic orgamsms, forage and leaf protein concentrates, and new
legume and oilseed sources.

Innovative Technology for Protein Utilization

Traditional techmques for 1solating proteins for processing into food are
based manly on extraction of a primary product (such as oil from oilseeds)
with little concern for the mtegnty of the protein As a result, the by-product
proteins may become unswtable for many useful applications. New
technology should be developed to more effectively retain the desired
properties of the protein

The basic properties of proteins from various sources require study n order
to relate their molecular propertics to their physical properties, and their
physical properties to thetr functional (or performance) properties, through
theorctical or correlative techniques. The cntical molecular properties
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needing identification include molecular weights and distribution, 1omzation
properties; reactive side chams; and primary, sccondary, tertiary, and
quaternary structure and morphology. Physical aspects to be characterized
mclude hydration properties such as solubility 1 vanous meda,
suspendability, swelling; gelling, and rheologrcal properties such as viscostty
or apparent viscosity, yield stress; tune dependency, shear dependency; and
creep and relaxation  Thermal aspects include gelatton and coagulation, while
surface properties mclude hydrophilic and hpophilic properties, and surface
absorption and adsorption

For data on pertormance characteristics, studies are required on reactivity
between starch, fat, flavormg, and other food ingredients, and on
relationships between performance properties and chenucal and physical
propertics.

Examples of process research would be concentration and isolation of
protein materials, and methodologies for restructuring pretein materials, or
combiming proteins with other materials. The cffect of processing conditions
on physical properties, and the influence of changes in the latter on
organoleptic (taste, smell) charactenstics of the final product, both need to
be studied

Potentials for Improving Protein Quality
in Plants by Genetic Mcans

Geneticists and  plant  breeders have, in recent years, succeeded in
developing or identifying mutations in corn, barley, and sorghum, which have
significantly higher elative levels of lysine, as well as favorable alterations 1n
levels of other ammo acids, in their seed proteins This achicvement raises
questions of the extent to which simtlar mutations are possible in other grains
or crop plants, and also brings up the question of the ultunate limits of this
kind of genetic manipulation

The single gene mutations which substantially increase lysine content n
corn, barley, and sorghum mvolve changes in the proportions of the few
protein species that normally constitute the storage protein complement of
sceds, but apparently without affecting their ammo acid coniposition.
Apparently the situation 1s different 1o the case of rice and wheat Rice hasa
low proportion of prolanune to begin with, and no prolamine-depressing
mutation would have much cffect n altering amuno acid composition Wheat
docs contain a sizable proportion of its total seed protem as prolamine, but
mutants which cause ts represston are recessive, The hexaploid nature of the
wheat species combines genomes of three closely related diploid species. The
probability that a stnilar mutation would occur 1 all the others at the same
time 1s obviously extremely small,

The suppression of the synthesis of less desirable protein fractions, and the
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secondary increase in synthesis of fractions with greater biological value, may
also be effective mn legumes which, in the case of Phascolus, show similar
storage protein heterogenerty,

Biological Nitrogen Fixation

Enhancement of biological nitrogen fixation, whether symbiotic or
nonsymbiotic, requires greater understanding of the processes themselves, and
of the orgamisms which bring about the processes. The protein nature of the
nitrogenase complex that catalyzes nitrogen fixation in organisms is fairly
well understood Rescarch 1s needed to determimne the crystalline enzyme
components, the role of ATP in the system, the mechanism wlhereby 1ron and
molybdenum are ncorporated mto the enzyme, and the cnergetics and
kinetics of the overall reaction

The genes coding for nitrogenase n bacteria have been successfully
transferred from one spectes to another Thus, the genetic potential exists for
extending nitrogen-fixing capability to a variety of economucally important
organisms

In nitrogen-fixing legumes, a better understanding 1s needed of the genetics
of both the host species and the bacterial endophytes. In the breeding of
mmproved legumes, msuificient attention has been given to host/endophyte
relationships  Useful application of biological mtrogen fixation to grasses
requires better understanding of the genctic and biochemical compatibility of
host and endophytes

Limitations to mcreased yield in legumes seem to be related not only to
conditions atfecting the avatlabiity of useful Riuzobmm strains and the
adequacy of present innoculation techniques, but, in the case of soybeans at
least, to an sufficiency n photosynthate energy required to mamtam
optimum mitrogen nputs. A broad spectrum of research is needed on the
many physiological and agronomic aspects of mitrogen-fixing systems of
known or potential significance

Specific Protein Resources

Grain Crops for Food and Feed

The tremendous and relatively unexplored genetic diversity of cereal grains
provides great promise for expanded food and protein production An
accelerated genctic search for increased protein quantity and quality in the
major cereals requires medwm- and long-term funding These genetic
questions also call for considerable rescarch mn fundamental scientific areas
relating to genetics, and in this respect represent an appropriate area of NSF
concern. For example, comprehensive biochemical rescarch on the uptake
and translocation of mitrogen i crop plants, as well as related seed protein
metabolism (especially i the cereal grains) can lead to the development of
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genetic or other means for increasing seed protein quantity and quality. There
is a necd for expanded basic studies on the biochemical aspects of plant
physiology and metabolism

Rapid, accurate procedures for screening a variety of crops for protemn
nutritional quality need to be developed, for use by plant breeders, to select
superior hines Such rescarch requires reevaluation or review of bioassay
procedures and their pertinence to human and hvestock amimal requirements

Increasing soybean yields by breeding requires use of germ plasm from
mamland  Asta  Another approach to the soybean yield problem 1s to
determune the cause or mechanism of oxidative photorespiration n vegetative
soybeans and other legumes This mechanism hmuts carbon fixation and,
therefore, grain yield

Symbiotic association of nitrogen-fixing bacteria with roots of certan
grasses and corn suggest that sumlar associations with cereals can be 1dentified
or developed, so as to allow large savings in energy because of reduced need
for mtrogen fertilizer

Cercal Protemn Technology

The normal abundance in the US. of low-cost grans and therr
underutilized by-products suggests the desirability of mmtiating greater
scientific and technological cfforts to upgrade their food use and nutritional
value

New technologies and processes need to be perfected for separating
upgraded protein products from grams and the ir industrial by-products. These
methods would include improved techniques vor producing stable and edible
protcin concentrates from wheat milling by-products, better methods for
separation of wheat gluten by aqueous processes, and separation of edible
protein 1solates from other cereals an.  their by-products Along with an
unproved technology for preparing protein concentrates, new food processing
apphications for protems n formulated food products should also be
developed

Rescarch 1s under way n these areas, but with low priority status, i the
US Department of Agniculture, the state institutions, and some food
industry laboratories To stimulate this important application of technology,
an econonuc and marketing feasibility survey 1s needed.

Oilseed Proteins

Soybeans represent the single largest source of oilseed protein for both
ammal and human consumption, and most technology for the food use of
otlseed proteins relates to soybeans and a spectrum of products derived from
them. A number of other oilseeds, e g. cottonseed, peanuts, sunflowers,
rapeseed, and sesame, have potential for similar utibzation; however, the
necessary technology for production of food-grade products from these
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1als is not fully developed. Additional research 1s needed on all these
ds, including soybeans, to solve problems volving flavor, functionahty,

color, antinutritional factors, processing technology, and many other factors.
Research and development i six food processing and utilization areas will
be essential if vilseed proteins are to achieve maximum acceptance m human

foods
I

Food

Shrecifically

protem and nonprotein component interactions during processing must
be identified,

fundamental physical and chemucal charactenstics of the proteins of
oilseeds, as related to therr functional properties, need to be studied;
screening methods must be developed for determining functional
properties of oilseed protems with respect to their utilization in food
systems,

wdentification of components responsible for undesirable flavors and
development of processing technology to elinnate these from food
products 1s essential,

investigation should be undertaken mto modifying the functionality of
oilseed protens by physical, chemical, or enzymatic means, and
assessment 1s needed of the level at which the presence of
flatus-producing oligosaccharides in oilseed products assumes practical
significance, and technology to minmmize this problem needs to be
developed

Legumes

Taking mto account the major problems that need to be overcome 1n

produ

ction, utilization, and marketing of food legumes, the following

recommendations are offered

In
1

B oo

{

—
=1

food legume production, research 1s needed to-
overcome genetic-physiological barriers to higher seed and protein
yield,

. 1mprove control of and resistance to disease and insect pests,

promote greater efficiency n cultural systeins, and

reduce the deleterious effects of adverse environmental factors.
wilization research, the most urgent priorities are to

develop convemient and rapid quantitative methods to be used by
breeders for the estimation, identification, and removal of undestrable
or toxic constituents in legume seeds,

develop more rapid and valid methods of estimating the nutritive value
of legume protems, and apply this new technology to the improvement
of protein quality n commercial seed types,

study combmarions of legumes with cereal products and other staple
foods, with the objective of improving the nutritional properties and
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digestibility of both; and

4. develop improved, stable, processed dry legume products that may be
prepared for cating quickly, r.e, with a minimum of energy (fuel)
nput,

Livestock Production

US. ammal industries are capable of producing most of the fresh meat
consumed 1n the U S, plus some for export, until the year 2000. However, 1n
order to do so, great advances will be necessary n the productivity and
efficiency of ammal production enterpnses These advances can be achieved
through increased rescarch 1n (1) recychng of animal wastes, (2) further use
of by-products, wastes, and other alternative feed sources, (3) improvement
of antmai reproduction and growth etficiency, (4) greater use of forages 1n
anmmal rations, (5) mcreased efficiency of nonprotein mtrogen utthization by
ammals, and (6) development, through breeding programs, of amimals which
can effectively utilize more forage rations

Animal Protem from Dairy Products

The supply and utiization of mulk in the US dropped from 56,700
mithon kilograms m the carly 1960’ (296 kilograms per capita in 1960) to
about 53,500 nuthon kitograms i the carly 1970 (253 kilograms per capita
m 1973). 1t was estimated at that time that by 1980, per capita dairy food
consumption m the US would be down to 237 kilograms

It 1s not likely, that s, that U'S per capita nulk consumption will increase
The Amernican consumer perceives no nutritional need for ncreased dairy
consumption, although this conception overlooks the importance of milk as a
calcrum source 1t would take mcreased government-financed subsidies to
produce more, but 1t 1s unlikely that the government will take steps to
increase production capacity as long as other countries can produce surplus
mitk more cheaply than the US can Demuands, therefore, will probably be
met increasingly by imports

This situation requires that government-sponsored research on  dairy
products be strengthened during the 1980’ by 30 percent, and industry
rescarch by 50 percent For primary dairy products and for darry analogs,
rescarch and related efforts are needed to

I 1mprove quality and convenience of the estabhished products, on the

basis of market research guidance,

2 develop new dairy products and concepts which are marketable and

competitive with frut jurces and soft drinks,

3. perfect a rapid, automated cheese production and ripening process

which would increase the competitiveness of cheese mn both domestic
and export markets;



98 MILNLR, SCRIMSHAW, AND WANG

4. develop new processing and preservation methods for milk, so as to
ncreasc 1ts uscful storage life, reduce bulk, and make milk a sigmficant
protem resource suitable for worldwide shipment and trade;

. develop dairy analogs based on vegetable proteins,

6. conduct nutntional studies to clanfy the role of nonhpid dictary
components, as well as aulkfat and dietary cholesterol, with respect to
coronary heart discase,

7 optimize the food technorogical utility and tunctionality of dairy
proteins as replacement proteins in fabricated foods, taking nto
account safety as well as nutritional tactors, and

8 undertake cconomic and marketing studies to deternune both the
feasibilhty of ncreasing US  dairy exports, and the most favorable
product mix of natural and analog dary products

Areas suggested for research 1nto secondary dairy products nclude

(1) chemical modification and upgrading ol whey proteins into useful new

products, (2)whey protein  fractionation  and characterization,

(3) fundamental vestigation nto improving sensory and organoleptic

properties of whey tor applications in foods, (4) clartfication of galactose

metabolism in humans as a first step to wider utilization of lactose, and

(5) development of whey products for the world market as protemn

supplements to upgrade protem-deficient diets

All the agencies concerned with dairy research — 1 ¢, industry, the federal

government, and the state umversities and experiment stations — have roles

and responsibilitics 1n attacking these problems more vigorously The call for

Innovattons m food science also suggests that NSF could usefully support

sclected projects in the areas idicated

w

Animal Protein from Meat, Poultry and Eggs

There 15 great potential for expanded development, production, and
uttlization 1n the meat and egg industries The utilization of this potential will
depend on rescarch and development inputs, and on the realism of regulatory
constraints in terms of risk-cost-benefit considerations It 1s also apparent that
energy avallability and cost, environmental 1ssues, and governmental policy
decisions will have far-reaching effects cn the future availability of meat and
eggs

A significant expansion of the supply of ammal protein for human
consumption could be brought about as a result of research mnto use of animal
tissues wluch are at present diverted from the market by health or palatabihty
considerations, or by government restrictions on otherwise safe and nutritious
products.

Many packing-house raw materials, such as visceral organs, are currently
processed into lhivestock and pet feeds. Processes similar to those used to
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produce fish protein concentrates have been developed for the production of
edible meat protein concen rates from the various offal tissues, However,
further studies are nceded in this area, as well as review of regulations to
permit their use as human foor!

Technical knowledge now available to the meat industry could result in
Increasing the output of processed meat products by over 50 percent, through
appropriate extension or supplementation with plant proteins.

Consumers are concerned with the possible relationship of diet to coronary
heart disease Attention centers on cholesterol and animal fats, Because the
consumption of nutritious foods may be inhibited by adverse publicity based
on adequate suentific evidence, 1t 1s mmperative that well-planned,
long-range studies be implemented to clanfy these questions

Rigid and frequently outdated standards of udentity discourage the
development of new or improved products, which could extend the quality
and vaniety of the national protemn supply. Other standards — ec.g
microbiological  standards - crease cost to the conswmer without
demonstrating tmprovements n product quahty or safety as a result of their
enforcement Overregulation, in short, adds to product cost, channcling much
mdustry rescarch funding into matters concerned primanly with regulatory
comphance

Broad areas of research have been receving attention by industry, the
federal government, and the state umverstties and experniment stations, but
such activity requires far greater support from funding sources than has been
the case heretofore, As regards relatively basic rescarch, there are a number of
areas where NSF support would help stimulate the solution of serious and
longstanding problems

Aquatic Proteins

Most of the U S, fishery stocks traditionally used by Americans for food
are cither fully exploited or depleted. There are, however, species even within
the present, himited economic control zone — not to mention the larger
resources within the proposed 200-nule zone — which have remained largely
un- or underexploited. It 1s estimated, for example, that between 100,000
and 500,000 metric tons of capelin could be landed yearly on the
northwestern Atlantic coast Tlus fish could be oifered in the form of
engineered or fabricated foods which would be more fanuliar to the putlic.
Squid, hkewise, 1s most suitably utilized n textured and engincered food
products,

Much more needs to be known about the biology and behavior patterns of
aquatic animals, and techniques need to be developed for locating, harvesting,
prescrving, and processing this resource, Polyculture, which relies on the
growing-together of a number of fish species of varying feeding types,
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presents opportunities for attaining very high yields per hectare by taking
advantage of symbiotic relationships among the different species. The high
yields in such systems can be mamtamed without competing with
nonruminant farm anmmals for feed Species with maximum productivity
potential in warm freshwater pond polyculture systems include carp,
buffalofish, tilapia, white amur, mullet, mutkfish, and catfish.

Capture fisneries represent the major focus of aquatic protemn resource
development  Antarctic knll, for example, 1s the single largest natural source
of amimal protein 1n the world, and probably 45 mithon metric tons of 1t
could be harvested yearly without compronusing the avallabihity of the
resource In view of the lead taken by the Soviet Union, and, to a lesser
extent, by Japan, in knill harvesting and utilization, the U S. must now decide
what commitments 1t should undertake in the management and utilization of
this resource It scems prudent to advise allocation of funds at levels
sufficient at least to undertake a technical and economic feasibihty study of
U.S. participation i and utilization of the krill harvest

Fmancial and political decisions to support research and development will
have to be made by the government, since industry will not imtially invest the
hundreds of nullions of dollars required to perfect the tools needed to
produce and utilize ncreased tonnage of raw aquatic material. New types of
suitably equipped fishing vessels will have to be designed and constructed
New methods of locating, harvesting, preserving, and processing must be
developed New toxicological and nutritional mformation will be necessary to
develop regulations for monitoring the quahty and safety of the new aquatic
food products Investigations will be needed n biology, genetics, ammal
nutrition, and ecology of aquatic orgamsms NSF could most appropriately
provide funding for studies in oceanography, ecology, physiotogy, basic
biology, and other background areas.

Potatoes

The potato has protein levels comparable to those of cereal grans; indeed,
cultivars contaiming 17-18 percent protein (dry weight basis) have been
identified The crop, clearly, does not ment the status of a “poor man’s”
energy food

With the introduction of new potato vareties, this crop’s yields per hectare
have increased nearly 300 percent n the past 20 years. Through intensified
breeding studies, exploration of hybridization should be continued, n order
to expand adaptation, and improve disease and msect resistance, nutritive
value, and yield; the 1deal polyploid level for optimum productivity should be
determined.

Systematic study 1s nceded on factors affecting productivity and
nutritional quality These factors include optimum stage of maturity, effects
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of fertilization and irrigation, anu possible benefits of multiple cropping with
carly and late maturing vanetics, and with other crops. (This last factor 1s
relevant especially to potato culture in warmer environments.)

Researchers need to a2lvze potatoes for quantity and quality of various
protemns, evaluate their aminc - cid composition, and determine whether or
not breeding can alter proten, ratios, so as to improve the overall protein
nutritive quality. Simple screening methods for protein quality and quantity
are needed to assist breeders i analyzing large potato populations.

Much work also needs to be done on the reclaiming and upgrading of
potato processing wastes, with emphasis on recovery of proteins and amino
acuds,

Nonphotosynthetic Single-Cell Protein

The role of single-cell protein (SCP) as a supplement to the world protein
supply 1s now well estabhished Research and development on SCP production
have been intense since the 1960, and as a consequence a number of large
SCP plants are 1n operation for ammel feed production, several more are
under construction The problems being addressed today relate to second and
third generation processes for SCP production for both ammal feed and
human food

No smgle raw materal or orgamism will provide the ultimate SCP process.
Consequently, 1t 1s essential to evaluate, in parallel, several process
alternatives, to appreciate fully the flexibility available in the use of SCP.
There 1s no specific recommendation of substrates, but 1t 1s clearly the overall
view of the experts that alcohols and cellulose hold the greatest potential for
the U S., and therefore should recewve prionty consideration

It 1s beheved that cell yield 1s the single most important economic factor in
the fermentation process, and that great stress should be placed, n practice,
on approaching the theorctical fermentation yield. Improved processes for
RNA renioval would involve study of RNA levels in cells, the role and
activation of endogenous nibonucleases, and their control by means of genetic
and cell physiology factors

More cfficient use could be made of the proteins within the cell if
cconomucal means for their recovery were available Selective isolation of
proteins would also be a method of avoiding the RNA problem. Studies are
needed of SCP engmeering propertics, teractions with food constituents,
and use 1n structure-forming operations. Dewatering and drying comprise one
of the most significant cost factors 1n the ovarall process. Study 1s needed on
membrane processes, improved methods of mass transfer, and the effect of
drying on functional properties.

Research on nonphotosynthetic SCP clearly needs much wider support in
the U.S., in order to increase production of protein and other useful
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products, especially from waste Such research and development activities
the U.S. are confined to industry and a few universities The growing urgency
in the U.S. for waste recovery and recycling — the need to reprocess hivestock
ammal waste and manure for refeeding 1s only one example — suggests a
priority area for NSF funding,

Photosynthetic Single-Cell Protein

Photosynthetic SCP 1s produced i the cells of microscopic plants (algae)
which grow in suspension 1n the waters of shallow, lluminated ponds. These
ponds contain culture medium which consists of simple salts — such as
carbonates, nitrates, and phosphates — dissolved 1n water Depending on the
genus, the cells may be separated from the growth medium by screening,
filtration, coagulation either by flotation or sedimentation, and
centrifugation

Duning the 1980’s steps should be taken to

1. study the relationship of algal species to algal nutritional characteristics,
including protein quality, and the influence of ratios of critical
substrate nutrients, including consideration water quality factors;

2 study productivity as a function of species, predators and pathogens,
nutrient mix, physical parameters sucl as detentton period, nuxing,
recirculation, and waste as a source of nutrients, and

3 study processing of algac to produce various products, including
decolorized and bleached algae, algal pigments, and spun algal protein,
and study algal preservation by dehydration, canning, drying, freezing,
and freeze dry.ng.

Leaf Protein

Green leaves are the largest producers of protemn n the world, supplying
protemn to other plant tissues including the crop seeds which nounish humans
and animals Indeed, the protein i the 1973-1974 U.S. alfalfa crop was
almost twice as much as that in the 12 5 milhion metric tons of soybean meal
utihzed in the U S that same year

Process research 1s well developed for a commercial system which would be
added to a conventional dehydration plant to recover whole leaf protein
When cconomic feasibility studies are completed by the U.S. Cepartment of
Agniculture, a full-scale demonstration plant will be recommended for
construction at the site of a commercial dehydration plant

Process research for an on-the-farm-type teai” protemn recovery system (in
connection with silage or hay production from the press cake) has been
undertai en by workers at the University of Wisconsin and elsewhere. This
work ivolves low-cost equipment development, and further research on
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production and quality of the silage and/or hay produced.

Research applicable to both types of systems 1s needed for optimization of
unit operations, for higher-value utilization of the residual juice solubles
fraction, and for economic analysis of the several possible variants in the
systems

Denatured wlite (insoluble) products are made by heat coagulation of
chlorophyll-free alfalfa juice after prior removal of the green protein fraction.
A great deal of further research 1s needed to increase yields of this white
protein, to mcrease tts purity, and to explore its utilization possibilities 1n
vartous types of food

When Nicotiana (tobacco) species are used as raw leaf matenals, a white
protemn (Fraction 1 protemn) can be obtained readily in pure crystalline form.
Tlus tasteless, pure-white product should have special value where high purity
1s needed Research 1s needed on growing these plants on an ntensive scale,
on determiation of the economic value of the crystalline protein, and on the
economucs of 1ts production

It may be concluded that leaty plants have tremendous potential for
supplying an important proportion of the protemn requirements of both
monogastric animals and man by the years 1985-2000 What 1s needed 1s a
coherent, well-financed, multidiscipiinary research effort in the agronomic,
genetie, chemical, engineering, nutritional, toxiocological, imcrobiological,
and food technological aspects of leaf protein production

Chemical Synthesis of Nutrients

The possibility exists of filing some of humankind’s protein needs by
nontraditional means, particularly by chemical synthests Synthetic vitamins
and amno acids are, of course, already i common use. While the cost of
their chemical synthesis 1s relatively Ingh compared to the cost of products
made by fermentation, the use of nuxtures made from a common
intermediate might considerably reduce the cost

Synthesis of industrial fatty acid from carbon monoxide was conducted in
wartime Germany, and increased efficiency 1s possible The synthesis of
glycerol for human food has also been investigated, particularly by the
National Aeronautics and Space Administration, as a potential food energy
source A more advanced approach involves 1, 3-butane diol, which is
metabolized with 50 percent greater energy output than are sugars or
glycerol

Recent studies have shown that normal paraffins can provide some
metabolic energy to chickens There 1s a strong possibility that an efficient
and relatively high-yielding synthesis of ATP can be developed using HCN as a
starting maienal for adenine. All such developments, however, are clearly in
the arca of long-range prospects,
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Concluding Comments

The squeeze on international food supply in the early 1970’ changed in
the late 1970’s to a rencwed abundance of U.S. grain crops, at a time when
production world-over had also increased.

From this, 1t could be argued that the rescarch necds proposed here are no
longer realistic or necessary It should be emphasized, however, that the
depressed world grain prices, which have generated significant political
repercussions in the U S, cannot prevail indefinitely. The relative plateau n
U.S consumer food costs has not retreated substantially from the peak levels
of 1974 and 1975, notwithstanding the sharp drop tn crop prices

One can anticipate that when commodity prices rise to a level which will
provide US grain farmers with a fair return, there will be another sigmficant
increase i consumer food costs When this happens, new or unconventional
sources of protem will have greater chance of competing with traditional
products, just as new energy sources will become economucally feasible as the
cost of traditional energy supplies continues to escasate Research to make
these developments possible, like the show i the theatre, must go on



Restraints In Accepting New Foods:
Relationships Among Taste,
Acceptability, And Digestion

Joseph G Brand, Morley R. Kare, and Michael Naim

Taste represents one basis for recogmzing fanuliar and unfamiliar foods.
The catalog of familar (1 ¢, “safe”) foods for humans 1s farrly mited. Food
habuts are one of the last characteristics of a cultural group to disappear as the
culture changes. Under normal conditions, ventures into new foods proceed
slowly and cautiously (Rozn, 1976) Fuctors as diverse as economics and
nutntional deficienctes can, however, influence dictary choices For example,
nutntiondl deficits trigger eaploratory food search behaviors i fowl
(Wood-Gush, 1966) Thus, at some paint, novelty can become more
important than famihanty in food selection, i spite of the nisks in samphing
new foods Lkven though humans are generally conservative 1n food habits,
behavioral mechanisms exist for the acceptance of new foods The sense of
taste plays a role in these exploratory behaviors.

Taste and flavor perception are mportant in discriminating one food from
another, taste 1s also mnvolved n the decision of whetlier or not to ingest a
food The taste system forms an obvious gating function for food acceptance,
and, as such, stands as the last sentinel to unpalatable or potentally harmful
toods While taste serves as a protector against foods of questionable quality,
1t also can serve a positive function in motivating ingestion Grewal et al,
(1973) report that even a highly preferred flavor (almond) did not increase
the intake of a concentrated food suppl~ment in children four to seven years
old, yet adding sucrose to a 14 85 pcrcent level s1 Lificantly increased
acceptance of the supplement

To suggest that taste alone has a paramount role 1n deternuning ingestion 1s
an obvious overextension Tastes which are normally rejected 1n aqueous
solution (such as butter, sour, or highly salty) are often sought out i a “real”
food or drink Apparently, the context in which these tastes appear is crucial.
This variable 1s difficult to evaluate quantitatively, yet 1t seems to be a result
of experience and may parallel cognitive development. Thus, what is
considered palatable 1n a food (and even pleasant 1n taste) varies greatly
depending upon the context in which 1t 1s found, and the past experience and
culture of the individual. All these variables together influence the decision to
ngest.

[105]
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Taste also acts as a trigger to mitiate certamn digestive processes reflexively,
even before food reaches the gut (Pavlov, 1910, Nicolaiis, 1969) The
nervous system pathways responsible for these reflexes are not well
characterized, but probably mvolve gustatory-vagal interactions Branches of
the vagus (Xth cranul nerve) wnervate both the oral cavity and the
abdommal viscera, chenucal triggers in the oral cavity could mfluence the
functioning of this nerve m the digestive system via & relay 1n the bran
Learning may also mtluence the expression of these reflexes So, it 1s possible
that the actual taste quality of a food (sweet, sour, salty, or bitter) has a
modulating affect on digestive function

Taste 1s not the only factor that determines food acceptability, all of the
other senses are mvolved i food selection These mclude the sight of the
food, the smell of the food, the textural vaitables of the tood, and, perhaps,
even the sound of the food as 1t 15 bemg eaten (Beauchamp and Maller, 1977,
Vickers and Bourne, 1976, Szczenak and Kahn, 1971) An anmmal uses all of
its senses mn locating, wentifying, and determming palatability of a food
Ingestion of food s delicately balanced between two mamn forces the need to
take in food m order to fultill nutritional requirements, and the need to reject
toads which are erther potsonous or nutrihonally dilute Poisons are found n
the food environment, and many are assoctated with otherwise nutritious
foods Ammals that sample a large catalog of potental foods thus require
mechanisms not only for aceeptance but also for rejection of food The forces
that are involved n dictating the development and modification of food
acceptance and rejection mechanisms are 1n many cases directly related to
taste,

Taste Discrimination

The basic taste qualities (dimensions) in man are usually consiczred as four
In number sweet, salty, sour, and bitter While these four dimensions are
generally recognized as unique, non-overlapping functions, the restriction to
four qualities 1s not umiversally accepted (McBurney, 1974, Schiffman and
Erickson, 1971) As first suggested by Ohrwall (1891), the basic taste
qualities may be the result of four sensory systems, and not simply points on
a continuum of taste modalities Neurologically, one would then postulate
that the sense of taste 1s based on a labelled line hypothesis, such as that
origially proposed by Miller tor neurological functioning That 1s, neurons
exist which, when fired, signal only the sensation “sweet” or only the
sensation “‘bitter,” regardless of the manner 1 which they are stimulated
This hypothesis was transferred to taste by von Bekesy (1966), and later
supported by other psychophysical and electrophysiological  work
(Dzendolet, 1964, Wang, 1971). Others have presented evidence that the
nervous system in taste distinguishes gustatory qualities by a pattern of fiber
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discharges (Erickson, 1963). It is possible that both of these mechanisms are
utihized 1n the recognition of complex stimuli such as foods (Pfaffman, 1974),

The structure of a compound cannot be used to predict the sensation that
it may cheit in an individual While 1t 1s true that, for humans, sour is
assoctated with a freely dissociable hydrogen 1on, the amon of the acid plays
a large role m the magnitude and quality of the perception of sour (Bedler,
1967) The norgante salts of sodum generally produce a salty but complex
taste. Sodwm chloride 1s regarded as the most nearly “pure” salty taste,
Lithum chlonde has a taste very close to that of sodum chloridz, though
animals can be taught to discrimmate between the two (Harniman and Kare,
1964). Other moiganic salts have a complex taste, lor example, potassium
chlonide tastes both salty and bitter

Studies of the chemical structure of sweet compounds have revealed some
patterns which are consistent among stimuly, but this work 1s incomplete
(Birch, 1976) Correlations between structure and the ability of a compound
to elicit a bitter sensation are very complex, and no theory has emerged that
can explan the structure-function relatiorships for these compounds,
Confoundmng a simple structure-activity relationship 1s the obscrvation that
stimult reported as sweet can be distinguished one from another on the basis
of taste For example, glucose, sucrose, saccharm, and monellin are all labeled
sweet, yet indwiduals can  distinguish among them The vast array of
chemucals that taste bitter can also generally be distinguished from one
another Perceptual subtleties such as these would implv that the reception of
taste mformation involves a more complex relationship than that which could
be provided by a single sumulus-receptor hypothesis for each of the four
dimensions

Taste and Food Preferences

Ingestion of food 1s partly controlled by the degree of pleasure evoked by
particular tastes. Affective responses to taste stimulation are unportant
determmants 1n food acceptance, and evidence to date suggests that these are
controlled by both genetic factors and experience. For humans, many stimuli,
most of themn ,weet, rise in pleasantness to a maximum, then decline with
Increasing concentration While there are ndvidual variations, 1n general the
preference cuves for sweet stimuli trace an mverted U function Bitter and
sour substances usually produce a decrease 1n preference with an increasing
concentration And, as nught also be expected. stimult of the same dimension
often do not display exactly the same hedonic function. Individual variations
dare quite interesting, since these may reflect more than “*noise” within the
pooulation. These may, for example, indicate differences m genetic makeup,
development, or expertence Such differences might then be referable to food
habts, and these to the general problem of the acceptability of new foods.
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Experimental evidence does exist to suggest that responses to certain taste
dimensions are mnate, while other responses cither develop later or are
learned. Desor et al (1973) demonstrated that human newborns prefer sugar
solutions over water The mfants' preference for particular types of sugars
(sucrose, glucose, fructose) corresponds with adult perception of their relative
sweetness Other data (Desor, Maller, and Andiews, 1975) on the newborn
failed to demonstrate preference or aversion to salt (05to 2M NaCl), or to
the taste of urea (18 to 48M) Tius result with urea as a bitter stimulus
should not be gencralized to other bitter stimuli The taste of urea 1§
complex, having both salty and sour overtones These investigators could not
use other bitter stimult or tigher concentrations of urea because of the
potential danger to the health of the mfants

Other studies examning the facul expressions of neonates after taste
stimuli are placed n the oral cavity would suggest that infants find quinme
aversive (Stemer, 1973) towever, simce no intake studies have been
performed, the question of acceptance of bitter stumuli by neonates cannot
be addressed Some dislike of sou (001 to .024M ctric acid) was
demonstrable when compared to the control of 07M sucrose in water (Desor,
Maller, and Andrews, 1975) These studies also produced evidence that water
was an avezsive stimulus to the newborn

While human newborns are apparently mdifferent to the taste of sodium
chlonde, children of one and a half to three years of age find salt in water
averstve (Beauchamp and Maller, 1977). 1t was suggested that, by this age, the
context in which salt 1s presented becomes meaningful, and salty water 1s
then rejected, whereas a salt-flavored soup (a complex hquid), or a salty snack
food (solid), may be preferred Presumably, previous intake experiences have
interceded by this age to dictate acceptance and rejection based on context as
well as taste

Whether or not taste preferences remain stable after weaning 1s not known,
since appropriate longitudinal studies have not been peiformed. Some
cross-sectional studies have, however, been completed and their data are
relevant to tlus question One study (Desor, Greene, and Maller, 1975)
determiuned taste preterence levels of nine to fifteen year olds and adults for
several concentrations of sucrose, lactose, and sodium chloride The results
indicate that the preference levels are not the same for adolescents and adults
Adults preferred less concentrated solutions of these three stimult than did
adolescents Since this was not a longitudinal study, 1t 1s impossible to say
whether these slitting preferences are 4 result of maturation or are a product
of different food expenences for the two age gioups The responses to sugar
could be related to the vanable calonie needs of the two pupulations

Evidence exists which demonstrates that an individual’s sensitivity to one
class of bitter compounds, the thioureas, 1s under genetic control (Kalmus,
1971). The most commonly used taste stimulus i tlus chemical class 1s
phenythiourea (PTC). In a given population, mdwiduals are either sensitive to
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(“tasters™) or relatively insensitive to (“non-tasters™) the bitter taste of PTC.
This taste dimorphism has been exploited in many anthropological and
genetic studies (Bonné et al , 1972; Scott-Emaukpur et al., 1975, Greene,
1974) Many of the tluoureas are gotrogenic. One report (Greene, 1974)
suggests that the ability of an individual to taste these compounds in food, 1n
a region of Ecuador where goiter 1s endemic, may serve a protective function
by linmiting the consumption of these goitrogenic foods

The acceptance of the taste of a sweet compound 1s immediate even
individuals who have never before been exposed to this sensation Thus, this
preference for the sweet modality may be innate Likewise, the selection for
sodium via a taste mechamism 1s immediate when the amimal 1s under a
sodium deficit This recogmtion of sodium by taste argues for the mnateness
of the salt response (Nachman and Cole, 1971). However, Greene et al.
(1975) found that heritability estumates for preferences of particular levels of
suctose, lactose, and sodium chloride were sero The possibility that early
ntake experience plays 4 role in dictating the level of taste preference should
be considered

Moskuwitz et al (1975) reported that laborers m India rate citric acid
creasingly pleasant with concentration and quinine sulfate pleasant at low
concentrations  Tlus pattern was not observed n another group of
indwviduals, Indian medical students, who exlubited what would be
considered classical aversions for these stunuli The laborers’ diet was marked
by particularly large quantities of sour foods, while that of the students was
traditional Western cuisine The relative health of the two populations 1s an
uncontrollable confounding factor Fo, evample, calornie deficits can
mfluence food palatability, and apparently the general metabolic state of the
ammal feeds back to the functioning of the peripheral taste receptus
(Sharma et al, 1977). kven though the nutntional state of an animal can
apparently mfluence the functioning of a sensory system, the data for the
Moskowitz study 1s compelling 1t suggests that food intake experience can
nfluence simple taste preference

ln summary, the data from taste testing indicates that, in humans, the
preference for sweet 1s mnate. Relaave preferences for salty, bitter, and sour
may change with age due to experiential or developmental processes.
Preferences for all tastes can be influenced by context, and the degree to
which a particular taste 1s preferred may be under expeniential control. The
data of Moskowitz et al (1975) suggest that previous food experience does
influcnce taste preferences, and that experience presumably would be a major
determinant to the acceptability of a umque food or flavor

Taste and the Assessment of Food Quality

The role that taste plays in food selection and ingestion 1s complicated and
has received only minimal attention. Acceptable food quality for an animal
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falls within a fairly narrow range An amimal apparently depends on at least
two mechanisms to msure that any mgested food will not be poisonous First,
there are learning mechanisms which use taste (flavor) as a cue, so that any
deleterious postingesticn consequences can be associated with a food
previously eaten Since most feral anmmals that have been tested generally
chsplay an aversion to new foods, their slow acceptance of novel foods usually
assures them of cnough time to make this tyse of quality assessment When
presented with a new food source, the animal samples 1t without ngesting a
large quantity of 1t It the new source has a unique flavor, the animal
apparently retains the memory of that flavor when categortzng this source as
novel If deleternious effects tollow this samphing, the food 1s no longer eaten
Only the flavor of the diet 1s paired with consequences, regardless of
intervening variables Tlus type of learning 1bout foods has been termed
“condittoned taste (o1 food) aversion” and has recewved considerable
attention (Ro/m and Kalat, 1971, Garcia et al 1974)

An ammal can also make quality assessments of tood based on taste alone
The relative acceptability of taste stimuli can e determimed using a simple
two-choice preference test, although any one chemical stimulus will not elicit
the same behavior from ull anmals When given a choice of two foods (one
adulterated with a chemical shown to be aversive to that animal, the other
unadulterated), anmals show a general preference for the unadulterated or,
presumably. more palatable food The aversive taste may have more than a
hedonic component, since many aversive stimuli are potsons Most of these
are rejected both m two-chowce hquid tests and two-choice solid diet
experiments  However, an animal generalizes from this strict Interpretation
only to 1ts peril, since many essential nutrients, such as some amimno deuds, are
btter to humans and may be aversive to other animals

One recent experiment lustrates the role of taste m food selection, and
suggests that mechanisms ¢ st wliach can overnide its dictates Figure 10 1
llustrates an experiment wheremn rats made « chowee between two diets
differing not only m taste but also m nutrtional potential (Naim et al |
1977) One diet contamed defatted raw soybeans as a4 protetn source, with
the addition of 035 percent (w/w) sodium saccharn (appealing taste), the
other diet contamed defatted heated soybeans, with the addition of the
aversive  tasting substance sucrose  octaacetate (20 pereent, w/w)  Raw
soybeans have a lower nutritional value than heated or cooked soybeans,
primanly because the raw form contamns digestive ensyme ilubitors and
other thermolabile factors which give nse to undesirable phystological
consequences Given a choice between these two diets over a period of 14
days, the ammals inttially preferred the diet with the appeahng taste (figure
10.1A). However, after six to seven days, the animals changed preference to
the diet with better nutrition but poorer taste When quinine sulfate was
substituted for sucrose octaacetate in the above regimen, the anmimals never
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displayed a preference for the dict with better nutrition but poorer taste
(figure 10.1B)

The change n preference in the first experiment may be explained by
assuming that postingestional factors influenced the animals to eventually
choose the diet offering better nutrition, even though 1t contained an aversive
taste substance Additionally, the raw soy dict may have contained other
offensive flavors that eventually became pared with negative postingestional
factors Thus, the separation in preference between the two diets in part A of
figure 10 I may be a result of more than one taste--postingestional pairing
This change m preference was not evident when quinine was substituted for
sucrose octaacetate  Quinine has known adverse pharmacological activity,
whereas sucrose octaacetate 1s relatively harmless Apparently, the amimals
were able to gauge this pharmacological activity through some systemic
mechanism Thus, despite the better nutrition afforded by that food, the rats
avouded the qunmne-adulterated diet Since no pharmacological effect was
evident from the sucrose octaacetate-adulterated diet, the mitial “distrust” of
this dict affording better nutrition was overcome, and a strong preference
followed The animals, however, were very conservative in making tlus
change, allowing six to seven days for assessment The influence of taste in
dictating diet preference 1s thus displayed

In a no-choice situation, where growing rats are presented with only one
diet, either flavored or not, aversive taste cues will not change total dict
consumed nor cfticiency of utihzation (Naim and Kare, 1977), Naim, Kare,
and Ingle, 1978) However, at least with rats, the pattern of eating changes
beyond a certam point As the diet 1s made less palatable, meal size and
intermeal intervals mcrease (Gentile, 1970) Since the ammal 1s hiterally eating
to survive, the taste problems take on sccondary mportance, yet still
influence some aspects of eating

Taste and Food Digestion

While the role of taste n food selection 1s usually obvious, less appreciated
are the effects that taste and oral stimulation have on the systemic physiology
of the organism. This phenomenon was first demonstrated by Pavlov (1910),
yet has received only minumal attention since then Oral stimulation can
modify not only the metah>lic reflexes as measured by Nicolaidis (1969,
1977), but also intestina’ motihty and the secretory proc.sses along the
gastromntestinal tract Pavlov, for example, demonstrated that chewing of
palatable substances by dogs mtiated gastric sccretions Little effect was
noted for neutral-tasting substances Taste 1s only one of several cues that
operate 1n the cephalic phase of gastric secretion. Other stimuli besides taste
are the thought, expectation, sight, smell, chewing, and swallowing of food.
The cephalic phase of gastric secretion 1s mediated by the vagus nerve. These
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gastric secretory responses appear five to seven minutes after sham-feeding
and may continue as copious secretions for as long as three hours (Brooks,
1967) Humans have been shown to demonstrate this response as well
(Knutson and Olbe, 1971) In humans, 1t has been suggested that when all
phases (1 ¢, cephalic, gastric, and Intestinal) are operating simultaneously, the
cephalic phase 1s responsible for one-third of the total amount of gastric acid
sccretion (Richardson et al, 1977)

In addition to gastric secretions, pancreatic exocrine secretions can also be
mfluenced by the cephalic phase 1 general, and by taste particular,
Pancreatic flow rate and protemn output crease n dogs following sham
feeding (Preshaw et al, 1966) The use of appropriate controls led to the
concluston that this effect could not be attributed to a secordary stimulus
such as the passage of gastric contents mto the intestme  The magmitude of
this orally triggered pancreatic release 1s unknown The pancreas has vagal
mnervation, and there 1s evidence for direct neural stimulation of pancreatic
secretion (Crittenden and Ivy, 1937) However, such a mechanism 1s probably
unuiportant compared with the vagally mediated release of the hormone
gastrin (Preshaw et al, 1966) Yet both mechanmisms are operable and,
perhaps, both are normally required for optimal pancreatic function

Little consideration has been given to the effect that actual taste stimuls
may have on pancreatic output  Studies by Behrman and Kare (1968)
showed that the taste of a diet could modulate pancreatic flow and protein
content mn conscious dogs htted with a duodenal tistula (for cannulation of
the pancreatic duct) and a gastric fOstula (for emptymg the stomach) Water
and sucrose nuxed with the basal dict produced greater flow and protein
output than did citric aeid or quimine mixed with the diet Yet the role of
taste alone, as well as the role of other cating functions (tongue movements,
mastication, swallowing), were not separated

Other expertments have smce attempted to scgregate some of these
possible sources of pancreatic reflexive actiity (Naim and Kare, 1977, Naim,
Kare, and Mernitt, 1978) To check the effect of taste alone, conscious dogs
with Thomas gastric and duodenal fistulas were stimulated by swab
application of taste solutions While sucrose was a better stimulant than either
citric acid or quinine, the secretory response was extinguished after only one
o1 two trnials with each stimulant Apparently, the antmals rapidly adapted to
this test situation, and when food was not forthcoming after stimulation,
pancreatic output was inhubited When the same dogs were presented a taste
stimulus mixed 1n cellulose, and pernutted to chew and swallow the muixture,
they showed gradually mcreasing pancreatic secretion Flow and protein
content mncreased more for the sucrose-cellulose nuxture than for citric acid,
quinine, or deionized water (control)-cellulose mixtures Figure 10.2 details
the protemn output of pancreatic exocrine secretions under these conditions.
Measures of volume output generally paralleled protein output. These results
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demonstrate that taste alone 1s not a sufficient stimulus for pancreatic
secretion, but coupled with normal eating patterns, can modulate both
pancreatic flow and protein output.

Taste, as wels as oral stimulation n general, can trigger an immediate rise
in ceculating levels of nsulin. It has been demonstrated that orally
admunistered glucose results 11 higher blood levels of immunoreactive insulin
(IRI) than levels obtaned when similar levels of blood glucose are produced
by intravenous infusions (Elnick et al., 1964) Also, the hormones functioning
In exocrine pancreatic regulation (secretin, gastrin, and choleocystokinin) can
cause an increase 1n mnsulin 1n the pancreaticoduodenal venous plasma after
their rapid endoportal injection 1 anesthetized dogs (Unger et al., 1967).
Insulin secretion during oral feeding occurs 1n at least two stages The first
stage 1s triggered only by oral stimulation, and can occur without changes n
blood glucose levels The phases following this initial one are the results of
foods and fluids acting n the gut before absorption, and of circulating
nutrients acting after absorption (Fischer et al., 1972, Steffens, 1976).
Steffens has shown (1976) that the mitial IRI peak 1s entirely dependent on
oral stimulation and occurs within one minute of stimulation. Gastric
infusion of food also leads to a nise 1n IRI, but only after three minutes. This
latter IRI nse parallels blood glucose increases. Fischer et al. (1972) have
shown that after mucosal anaesthesia of the oral cavity, this immediate IRI
increase 1s absent.
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Experiments point to other systemic functions besides the secretion of
enzymes that can be affected by oral stimulation. Nicolaidis (1969, 1977)
has, for example, demonstrated oral metabolic reflexes 1n,

1) respiratory quotient measurements in response to eating,

2) hyperglycemic responses to oral stimulation with saccharin or sucrose in
hungry rats;

3) an almost immediate increased sweating by dehydiated human subjects in

a hot room when flurds are consumed, and
4) an increase i dwresis by stimulation of the mouth of a rat with water,

Stimulation of the oral cavity with 5 percent NaCl resulted 1n inhibition

of dwresis An immediate nhibition of dress 1s also reportedly

produced by eating solid foods (Kakolewski and Valensten, 1969).

All of these metabolic effects are anticipatory, since they precede and are 1n
the same direction as the changes which are produced by the foods as a result
of digestive and post-absorptive systemic influences. These gustatory-
metabolic reflexes promote the efficient digestion of food and would seem to
guarantee the already over-optimized digestive processes

Thus, while taste and oral stimulation have demonstrable effects on the
systemic physiology of the organism, questions remain as to whether these
play a nutntionally relevant role in food utilization An aversive stimulus such
a5 sucrose octaacctate or quinmne sulfate, when added to the diet of a
weanhing rat, did not affect total daily food intake or growth efficiency
(Naim and Kare, 1977, Nam, Kare, and Ingle, 1978) 1t 1s therefore possible
that gastromtestinal and pancreatic functioning are not affected severely
enough by these aversive tastes to change food digestion efficiency.
Mechanisms which control food digestion may be overoptimally set For
example, digestive enzymes may be present in concentrations beyond the
normal needs of the systei Also, the animal may rapidly habituate to the
aversive taste, so that any affects of food taste on digestive functions may not
be overtly demonstrable It should be possible, however, to nterfere with
suclt habituation by regularly changing the taste of the dict with randomly
sclected stimuli. When this was performed on a daily basis (Naim, Kare, and
Ingle, 1977), the results were quite dramatic Rats fed a diet which was
adequate except for an aversive taste stimulus whose character was changed
daily showed a 25 percent mhibition mn growth ecfficiency over a six day
period, and a 15 percent mhibition after eighteen days Surprisingly, total
food intake was not different between experimental and control ammals
(Table 10.1). Pharmacological effects of the taste stimuli were ruled out.
Thus, daily changes in the taste of the diet may have mterfered, through
cephalic mechamsms, with digestive or metabolic processes For example,
changing the taste of the diet could be a sufficient physiological stress to
influence the pituitary-adrenal system. If so, a release of ACTH could have
enhanced the catabolic processes of the animals and resulted in the observed



TABLE 10.1

THE EFFECT OF AVERSIVE STIMULI2 ON FOOD INTAKE AND GROWTH EFFICIENCY IN WEANLING RATS

Days After Start ef Experiment

\ Addition? To
The 10% 6 11 18

Py Protein

o~ (Casein) diet Total Food Growth Total Food Growth Total Food Growth

\ Intake® Efficiency® Intake Efficiency Intake Efficiency

None (control) 52%3% 0.40+0.02 I11x4 0.40+0.02 2028 0.35£0.01
SOA 51x2 035+0.02 106 £ 5 038+001 194 = 8 0.34 £0.01
irog;cgs’ caA 50+ 3 030+ 9,02 104£5 0.35%% 002 196 %9 030% 0,01

a The aversive stimuli were sucrose octaacetate (S0A),

« 5% (w/w) of the diet A da.dy thange to a different
cquivalent to the added weight ot the aversive stimulus

quimne sultate (QS), citric acid (CA) and saccharin (Sacc) to 3 0%, 0 04%, 3 0%, and
aversive taste stimulus occurred 1n a predetermined order. An amount of cornstarch
was removed tor vach dier

b Total food intake 1s calculated as the total grams of food caten per rat Growth efficiency 1s calculated as the gram body weight gain per

gram of food intake
¢ Values are cumulative mean £ SEM of 13 raty per group

*Sigmificantly lower values (P<0 05) than the corresponding controls fed the unadulterated casein diet
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inhibitton of growth. It must thercfore be concluded that changing the taste
of a complete diet on a daily basts is sufficient to markedly affect growth and
nutritional well-being of rats.

The Modification of Basic Tastes

Since taste 1s known to be at least one of the possible limitations to food
acceptance, the natural question to ask is Can taste be modified? To certain
extents, the taste of foods or beverages can be either changed by, for
cxample, loading the food with a single donunant taste such as sweet or salty,
or can be cnhanced through the use of known flavor enhancers such as
monosodium glutamate The results of these approaches are largely
predictable from food technology, provided one 1s using a well known food
basc But their application to new foods, such as those with umique flavors or
textures, 1s not known Careful experimentation with additives and flavor
enhancers would appear to be the only way to deternune the effect of these
on cach new food analog

There 15 another aspect to modifying the taste of food wlich 1s not always
appreciated n food technology Rather than modifying the food 1itself, one
might also consider the modification of the taste receptors Monosodium
glutamate probubly works in this way, although 1ts exact mode of action and
the mechamsm of the synergism between 1t and the nbonucleotides 1s
unknown Certain speculations, however, have been made (Cagan, 1977).
Other chenncals are known to ecither block a specific taste or to cause ona
modality to be percewved as another It s generally agreed that these effects
are brought about at the level of the taste bud

The sweet antagonist, gymnemic acid, suppresses the sensation of sweet
after a solution of 1t 1s placed in the mouth (Kunihara, 1971) Gymnemic acid
i1s 1solated from the leaves of the plant Gymnema sylvestre 1t appears as a
glycoside with glucoronic acid  Several structural analogs are known.
Prewashing the tongue with a solution of gymnemuc acid or simply chewing
the leaves of the plant abolishes the sweetness normally percewved from such
compounds as sucrose, glucose, saccharin, or the sweet protein monellin, Its
antagonism 1s specific for the sweet modality One might assume, therefore,
that 1t simply inhibits the binding of the sweet stimult to their receptor sites.
However, a direct test of this hypothesis showed, at least at the level of
analysis possible at that tune, that no mhibition of 14C-sucrose binding to
taste bud and control tissuc homogenates was evident (Cagan, 1974). An
Increasingly prevalent hypothesss in taste physiology states that there 1s more
than one umque receptor site for sweet One report delineates four such sites
(Faurion, 1977) Yet gymnemic acid mhibits the sweetness evident from all
sweet stimuli, regardless of probable receptor site This fact, plus the negative
data on binding competition, suggests that gymnemic acid exerts its
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antagonistic effect at a step subsequent to binding, possibly a major
transductive step. Yet 1t acts only as a sweet antagonist, and has no activity
on the other three modalities. Thus for this hypothesis to be viable, one must
also assume that at least part of the transductive path for the sensation
“sweet” 1s unique

Another taste modifier, miraculin or muracle fruit (Kurihara, 1971), 15 a
glycoprotein of molecular weight about 44,000 It 1s isolated from the fruit
of the tropical plant Synsepalum dulcificum and 1s a true modifier, 1n that
prewashing the tongue with a solution of the protein permits the changing of
one quahty, sour, to another quality, sweet This protein 1tself has no
inherent taste. The modifying ctfect persists for a period of time which 1s
dependent on the concentration of the protem muatially used, from a few
minutes to hours The sweetness nduced by a particular acid 1s related to the
intensity of sourness of that acid Gymnemic acid can mhibit the sweetness
induced by this protein Kurihara et al (1969) suggest that the proten acts
by inserting 1ts arabinose or xylose motety nto a sweet receptor site after the
sour substance has changed the conformation of the receptor plasma
membrane

It has been reported that analogs 1n the sweetener class dihydrochalcones
mterfere with the bitterness of narrigin and hmonin (Guadagn et al , 1974),
The thresholds of these latter two bitter stunuli were increased by
pre-washing the mouth with the chalcone dervatives In view of the fact that
bitterness almost always plagues new food lormulations, this 1s a particularly
interesting finding

In principle, 1t 1s possible to use group-specific protein reagents to inhibit
the receptive function of proteins karly reports suggested that some
specificity  toward modahities was possible by selecting the approprate
reagents (Yureva, 1961, Noma and Huy, 1972) However, these results were
subsequently challenged by Mooser (1976) and Mooser and Lambuth (1977).
They provide evidence that reagents blocking sulfhydryl function (analogs of
n-cthyl maleimide), as well as those blocking carbonyl functionalitics, exert
their antagonistic effects by mhibiting transduction of sweet, sour, and salty
chemical messages It 1s possible that additional experimentation may uncover
blocking reagents that will be specific toward particular modalities, but none
have been confirmed

Concluding Remarks

The necessity for the discovery, formulation, and production of foods not
previously found i human culinary expertence ts evident. Do studies to date
on taste and acceptance provide any guidelines for formulations of the taste
of these new foods? In other words, should we imitate or innovate? We now
appreciate the conservatism of cuisine and are aware of the acceptability of
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traditional tastes and flavors within a cultural group. We would need to
conclude from those studies that imitation of existing flavors 1s preferable to
innovation Yet experience tells us that innovation in the production of new
foods or beverages 1s not to be overlooked The overwhelming acceptance of
cola beverages 1s an obvious example Of course, the acceptance of a beverage,
and a snack beverage at that, may have httle relevance to the probable
acceptance of a new food item that 1s designed to imitate a food of central
importance to the culture’s cmsine Thus, 1f a new food 1s to be introduced
into a culture, 1t may be necessary to design 1t as a food of peripheral
importance to the cuisine, such as a snack-type item. It would appear
prudent, therefore, to umitate only 1f this can be done more or less exactly,
and to innovate with the aim of introducing not a variant of a staple food,
but an entirely new food.
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Human Adaptability
To Nutritional Stress

William A, St

The distinction between “adaptability” and “adaptation” is one which
identifics fundamental differences in strategies of survival (Stini, 1975).

Much of the human system for coping with stress mnvolves reversible
alterations 1 one or more attributes This strategy 1s significant because 1t
permuts the use of a variety of tactics to enhance survival within the life span
of a single indivadual This adaptability thus conveys to the human species the
ability to confront a variety of environmental challenges, and, 1n a very real
sense, the species has employed 1t to broaden 1ts ccological niche rather than
specialize for a particular habitat The range of responses available to permt
survival, known as “adaptability,” stands in contrast to the genetically
encoded responses referred to as “adaptation

Species that rely upon genetic adaptations as the primary means of dealing
with new challenges from the environment must necessary do so threugh the
action of natural selection *“Survival of the fit” often means “survival of the
few” when severe habitat alterations occur In circumstances where individual
survival 1s of nummal significance to the strategy of species survival,
population turnover 1s rapid A short hfe span 1s advantageous to a species
which must adapt genetically to environmental changes Conversely, emphasis
on survival of individuals has the conconutant of greater longevity (Wilson
and Bosscrt, 1971). Greate: iongevity for the indvidual, 1n a world of hnuted
resources, demands a mea s for luniting reproduction, Important human
charactenstics such as late onset of reproductive life, predomnance of single
births, prolonged care of offspring, and social sanctions governing
interpersonal behavior, are all appropriate attributes of a species for which
the predonunant adaptive strategy 1s adaptability rather than adaptation
(Slobodkin, 1968).

It 15 a significant fact that humans begin to reproduce much later than
other ammals Ewven our closest relatives, the great apes, attain sexual
maturity 1 one half to two tlurds the time 1t takes the young human,
Morcover, the human female normally ends her reproductive life long before
death. Currently, in the United States, a woman’s reproductive life represents
only about 30 years of her life expectancy of 74+ years Limitations on her
reproductive capacity severely limit the number of offspring she will bear
during those 30 years. The emphasis in human reproduction is quite clearly

[124]
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on survival of the relatively few offspring this system produces, This has been
viewed by some as the emphasis on “quality” over “quantity.”

The evolutionary history of each species 1s unique. One approach to an
improved understanding of human biology 1s through the examination of the
tactics facilitating the overall strategy of survival for Homo sapiens One such
tactic 15 nutntional. It s often referred to as the quality of
“omnwvorousness ”  Although something of an overstatement (we are
physiologically incapable, for instance, of exploiting the nutritional potential
of celiulose), this quality 1s one which influences many other aspectsof human
biology in many ways While permutting the exploitation of a wide variety of
food sources, charactenizing a varicty of habitats encompassing virtually the
entire planct Larth, human omnivorousness also imposes imitations. These
hmitations, generally stated 1n terms of “minmum daily requirements,” are a
measure of the demands contemporary human populations make on their
cnvironment., At the same time, human nutritional requirements, and the
alternative methods of satisfying them, are important clues to the nature of
human adaptability and its evolutionary history.

Human Nutritional Requirements in Evolutionary Perspective

Fossil remains of cxtinct primates have been dated as far back as the
Oligocene Epoch of the Tertiary Period, perhaps 35 nullion years before the
present  The oldest remamns resemble contemporary species collectively
referred to as prosmmans It 1s generally thought that these prosimian-hke
carly primates descended from some of the most prinutive of carly mammals,
the tree-dwelling, msect-cating Insectivora, which probably date back to the
Late Mesosoic Era, or as much as 100 mitlion years ago.

These prosuman-like animals shared with the contemporary prosimians
certain anatomical charactenistics, particularly dentition, indicating adapta-
tions to a specialized diet largely consisting of msects Other traits associated
with tree-living habits also resembled those of contemporary forms These
rescmblances form an adaptive complex which may be used, albeit cautiously,
to make inferences concerning the behavior of some of the earhiest ancestors
of our own species Caution 1s necessary, of course, since we lack any samples
of soft tissuc which nught confirm or refute allegations of dietary preference

If contemporary prosmuans are used as a model fo; reconstructing the
dietary habits of the late Mesozoic-Early Tertiary primates, what cmerges is
an nsectivore which may have supplemented 1ts dict with occasional meals of
vertebrate tissuc and fruits in season If tlus model 1s an accurate one, the
nutritional requirements of these remote ancestors resemble our own to a
greater extent than those of our closest hving relatives, the great apes,

The hving great apes, along with other contemporary Anthropoidea, rely
to a large extent on vegetable sources to satisfy their nutnitional
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requirements. It is quite certain that even the herbivorous great apes are
capable of ecxploiting vertebrate tissues as a nutrient source when the
opportunity arises, but humans are by far the largest and most frequent
consumers of vertebrate tizsue among the iving Honunoidea What 1s perhaps
most interesting about human dietary requirements 1s the range of variation
in nutritional patterns by which they are satisfied While there may be similar
tolerance to varied foods among other hiving primates, such varation 1s not
often exploited in their natural habitats

Judging from the fossil evidence, and that gamed through observation of
living primates, the logical conclusion 1s that the dictary habits of our own
ancestors have been essentially omnivorous for perhaps 100 mullion years.
Thus, the requirements of contemporary humans, including the essential
amino uuds, fatty aads, mmerals, and vitamins, probably reflect a long
evolutionary history during which these nutrients were available m sufficient
quantities to make their synthesis unnecessary We must obtain nine of the
amno acids from food sources durning the early years of life, and cight 1n
adulthood This 15 strong evidence that nsect or vertebrate tissue are always
available 1n our ancestral habitat. Our lac¥ of means to synthesize vitamn C
(shared with the other primates and guinea pigs) indicates that vegetable
resources were also available.

Dietary Versatility Among Centemporary Humans

Turning to contemporary human populations, we find an array of food
habits running the gamut from olmost total carmvory to almost total
vegetarianism. Among Eskuno, meat consumption of more than 10 kilograms
per capita per day has been documented (Sinclair, 1953) Among Southeast
Asian agriculturists, meat, eggs, milk, and fish are only rarely consumed and
even then only i numscule quantities Between these extremes may be found
populations whose staple foods are manioc, sweet potatoes, bananas (more
properly, plantains), various grains, milk and blood, reindeer flesh, nsect
grubs, and a host of other animal and vegetable substances Seemungly, the list
of foods and combinations of foods which can support human hife 1s endless.
While sharing the necd to ingest the essential ammo acids, fatty acids,
vitamtns, and minerals, human populations around the world have developed
many ways of obtanng these essentials The characteristics of dictary
generalism have made 1t possible for human populations to exploit resources
available n habutats far removed from the tropical forest homes of their
primate ancestors This capacity, among others, has made 1t possible for
Homo sapiens to penetrate and colonize areas which would not seem fit for
human habitation

The distribution of human populations over the range of terrestrial
habitats has placed them in a variety of ccological settings, each exerting
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somewhat different combinations of selective pressures. Many areas have been
nhabited by a succession of prehonunid and homunid populations spanning
millions of years Other areas have been more recently populated. But there is
a sufficiently lengthy period of separation between various human
populations to make the fact of their continued interfertility noteworthy,
The case of movement from one part of the world to another we enjoy today
1s a recent development. For the majority of human history, separation by
distance was de facto reproductive isolation as well Yet, when members of
the most remote human groups meet and mate, as they show considerable
enthusiasm for domg, the matings prove fertile and the offspring viable and
fertile as well Despite the variation which exists among the people of the
world, there 15 no ndication of inciptent speciation anywheie This 1s really a
rather remarkable situatton It rases questions that are not only of
significance to the understanding of our own species, but may have broad
biological implications. flere agamn we encounter the consequences of a
stratepy of adaptabihty as opposed to one of adaptation

The Limits of Tolerance to Nutritional Stress

One of the more vexmg problems confronting nutntionists n the field s
the assessment of nutritional status (Stin1, 1978). Although the more extreme
cases of nutntional deprivation can usually be diagnosed unambiguously, the
majority of individuals at nsk present a confusing picture of physiological and
anthropometric varnition Two factors complicate the process of assessment
These are 1) the wide range of adjustments mvoked by the organism to
pernit survival in the face of nutritional stress, and 2) the degree of
ndividual vanability i nvoking these adjustments Preclintcal cases of
nutritional deprivation can be 1dentified by using methods designed to reveal
changes i biochemical charactenstics signalling  depletior of nutrient
rescrves  Thus, a severe reduction i serum protemns, mcluding albummn and
arculating antibodies, 1s indicative of depletion (Jellifte, 1966). Also
indicative 1s a lowering of the concentration of essential ammno acids present
m the serum, but 1t 1s scldom possible to make 1 reliable diagnosis on the
basis ot a sigle factor This 1s so because in the otherwise-healthy individual,
the defense mechanisms which come into play often mask the condition until
the situation has reached a state of cnisis The demands of growth 1n younger
individuals  render them more unstable than adults. Thus, diagnosis of
nutritional deprwation in infants and young children 1s at the same time more
difficult and more ciucial than for adults,

Starvation in Adults

Humans can survive extended fasts with surpnsingly little dama,  oung
and Scrimshaw (1971) cite the example of Terence Mac Survey, an ish
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revolutionist, who fasted for 74 days before dying of starvation in 1920.
There are documented cases of obese humans living eight months without
food and without 1ll effects The length of survival 1s certainly related to the
nutrient reserve of the mdvid a1 But that observation should not be
interpreted as proof that weight loss during starvation 1s merely a matter of
“lving off one’s fat ™ The manner 1 which the human body accommodates
to prolonged food deprivation 1s more subtle and more complex than such a
simple  mechanism  would encompass  Reference to  the nutritional
requirements of the human adult will give some reasons why this 1s so.

Energy requirements expressed as hilocalories per day increase with
increasing body size For instance, the basal calorie requirement of a 60
kilogram man 1s approximately 1630 kilocalories/day, while that of an 80
kilogram man 1s about 1933 kilocalories/day Activity of increasing intensity
will raise those requirements substantially Table 11 | gives some 1dea of the
increase 1n calorie requirements assoctated with vanous levels of actiity, and
shows that both body size and activity levels combine to determune the total
metaboltc demand of an individual

Table 11.1

Kilocalories per kilogram of body weight
per hour required for activity 1n humans

Activity Men Women
Very Light 1.5 1.3
Light 29 2.6
Moderate 43 4.1
Heavy 8.4 8.0

From* Recommended Dietary Allowances 8th ed Washington, D C., National Academy
of Sciences, 1974

Metabolic demand 1s also influenced by body composition. For Instance,
the basal requirements of 4 70 kilogram man who is very lean are greater than
those of a 70 kilogram man who 1s obese Muscle 1s more active metabolcally
than fat tissue This means that the obese individual not only carries a greater
nutnent reserve, but, at similar actvity levels, dissipates that reserve more
slowly. For a species with a history of feast-and-famine cycles, this attribute
has considerable potential value

Protein requireinents also increase with increasing body size. Agamn, the
lean body mass 1s more significant  than total body weight 1 the
determination of proten requirements The “biological value™ of a protein 1s
a function of its content of essential ammo acids These are 1solcucine,
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leucine, lysin2, methionine, phenylalanine, threonine, tryptophan, and valine
in the adult, all these plus histidene (and, possibly asparagene) 1n the growing
individual. Wound healing, tissue replz “ement, and other processes relying
upon protein synthesis all depend upon a steady supply of these essential
amtno acids

The body mantains a dynamic equilibrium with respect to 1ts anuno acid
constituents. The daily turnover of protein 1s generally greater than the
dietary intake The breakdown of proteins n tissue releases amino acids,
some of which become constituents of newly synthesized proteins. But there
1s nevitably some loss of mitrogen released following the breakdown of amino
acids Some of this 1s excreted i the urine m the form of uric acid, urea, or
creatinine  Other losses of mitrogen through excretion, sloughing, and
secretion also occur As a result, the need to mamntan nitrogen balance
determines the nummal level of protein mtake the individual can tolerate,
The protein requirements of humans thus represent two components
1) specific anuno acids, and 2) amino nitrogen Table 11.2 lists the amino
acid requirements of humans

In addition to calorie and protein requirements, there 1s also the necessity
of supplying the essential fatty acids Linoleic and araclidonic acids are the
only ones considered essential in humans. If sufficient hnoleic acid 1s present,

Table 11.2

Estimated Amino Acid Requirements for Humans

Requirement (per kg of body wt.), mg/day

Infant Child

Amino Acid (3-6 mo) (10-12 yr) Adult
Histidine 33 ? ?
Isoleucine 80 28 12
Leucine 128 42 16
Lysine 97 44 12
Total S-containing

amino acids 45 22 10
Total aromatic

amino acids 132 22 16
Threonine 63 28 8
Tryptophan 19 4 3
Valine 89 25 14

Lrom Recommended Dietary Allowances 8th ed. Washington, D.C., National Academy
of Sciences, 1974,
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arachidonic acid may be formed from it. But hnoleic acid must always be
ingested along with the fat and water soluble vitamins, a number of minerals,
and, of course, water

Confronted with all of these requirements, how 1s 1t possible for a human
to sustain extended periods of starvation? Here 1s where certain aspects of our
evolutionary history appear to have endowed us with some impressive defense
mechanisms. In order to appreciate this endowment 1t 1s necessary to consider
Just Low the human body responds to starvation

Fasting leads to weight loss which does not follow a strictly linear course.
This can be seen from the graph in figure 11.1. In the carly stages of a fast,
caloric demands are met by freeing up the glucose stored as glycogen n the
liver But this reserve 1s only sufficient for a few hours A more important
endogenous calorie source 1s the breakdown of ammo acids released from
ussue, primanly from skeletal muscle. The protein loss ansing from relance
on this calorie resource ts accompanied by the loss of a number of minerals.
The resultant aiterations in electrolyte balance cause a reduction n the water
content of the body ansing from physiological mechanisms concerned with
maintenance of fluid homeostasis This shedding of body water is the primary
cause of the steep dechine of weight characterizing the first five days of fast
shown n figure 11 1.

WEIGHT LOSS OF A HUMAN MALE DURING STARVATION
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Subsequent weight loss increasingly involves the consumption of body fat,
Since fat yields about nine kilocalorses per gram, 1t constitutes a rich resource
for the support of wvital metabolic processes In humans, the most crucial
requirement 1s the support of a very demanding bran. In fact, in the resting
state, the human brain consumes about two-thirds of the circulating glucose
and about 45 percent of the oxygen supply. This means that the human brain
requires, on the average, from 100 to 145 grams of giucose per day. That
transtates into 400 to 600 kilocalories, or from a quarter to a third of the
body’s total basal requirement.

At nine kilocalories per gram of fat consumed, just the basal requirements
of a 70 kilogram man would require the consumption of about 200 grams of
body fat (1800 kilocalories/day). Since 1t 1s unhkely that activity would be so
reduced that the metabolic rate would not rise above the basal level, the
actual requirements of the starving man will exceed the basal rate Figure
11 1 shows that from days four to nine, a 63 kilogram male lost about four
percent of hus onginal body weight over a five dsy period. This amounts to
roughly 500 grams/day, much of 1t presumably representing fat consumption,
This rate of loss slows with the passage of tiume, untif 1t attains a value of
about 100 grams/day after the twenty-fifth day of fast In an obese
indwidual, nearly all calorie requirements can be supplied by such fat
consumption for an extended period

When calonie requirements are supplied by tonsumption of body fat, it
appears that the number of cells 1n fatty tissue remains essentially unaltered
while the mdividual cells give up their fat content In a study of obese adults
fed yust 600 kitocalories/day, Hersch found that, while losing as much as 100
pounds, his subjects showed a shrinkage of about 45 percent 1n the size of
adipose cells This gives some 1dea of the Impressive encigy storage capacity
an obese human adult possesses (cited n Young and Scrimshaw, 1971).

But the maintenance of all human metabolic needs cannot be sustiined
through metabolic consumption of the triglycendes freed from human fat.
Tis 15 because, although amimo acids can be consumed as a calorie 1esource,
sugars and fats cannot replace the amuno acids and nitrogen essential to
maintain tissue proteins. Thus, reliance upon a diet deficient i protein, more
specifically one deficient in essential amino acids, will lead to a negative
nitrogen balance and, eventually, some loss of tissue Severe and prolonged
mmbalance or deficit n anuno acid intake will result in actual loss of skeletal
muscle fibers (Stii, 1975b). Destruction of muscle cells, including some
cardiac muscle, can assume significant proportions even while fat stores
persist  For instance, m one clinically-documented case, a 20-year-old girl
weighing 260 pounds fasted for 30 wecks, reducing her weight to 132
pounds. She developed a severe cardiac arrhythnna shortly after ending her
fast. Despite prompt medical intervention, she died of ventrnicular fibnllation,
Her autopsy revealed that she had consumed half of her body’s lean tissve
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mass. Most significantly, she had consumed part «f the fibrous tissue of her
heart muscle (Garnett, cited 1n Young and Scrimshaw, 1971),

Muscle tissue exchanges amino acids with tissue fluids on a regular basis,
Thus, muscle 1s far from being the static structural protein it 1s sometimes
thought. The exchange of amimo acids 1s usually a balanced one, however,
with muscle fibers ganing as much as they lose in the normal course of
events. But in times of serious deprivation, wircther 1t be a calorie or amino
acid lack, the amino acids given up by muscle may not be replaced They may
nstead be directed to other, hgher priority functions, such as synthesis of
antibodies or protection of liver function, or they may be metabolized as a
calorie resource In some cascs, both forms of allocation nay occur
simultancously. When amino actd loss reaches sufficiently high levels, muscle
fibers may be lost But this 1s not usually the case Improvement of
nutritional intake will result 1n the replenishment of muscle amino acid
complement and, if circumstances warrant, allow withdrawal again in future
times of need

Other sources of amino acids available to the starving human nclude the
breakdown of digestive enzymes 1n the small intestine (Stin1, 1971), and the
catabolism of serum proteins, most notably albumin But these are very
hmuted sources which only serve as a temporary cushion agamst sudden
depletion. They do, along with certain behavioral alterations, facilitate the
transition  to relance upon endogenous reserves wlale maintaining
physiological homeosteic to a surprisip gty high degrec

When starvation s of sufficient duration to produce significant changes 1n
body composition, activity levels are drastically reduced This profound
lethargy produces an umportant reduction i the metabohe demand for
nutrients. When activity 1s reduced in tlis manner, interest in sex 1s totally
absent. Victims of starvation consistently relate that lack of contact with
persons of the opposite sex was a matter of no concern to them, even though
such deprivation n some cases lasted for several years Clearly, sexual activity
under such circumstances would be maladaptive 1n 1ts consequences Its
discontinuation, along with that of other forms of activity, may well spell the
difference beiween survival and death

From the foregong, 1t should be evident that a healthy adult can draw
upon considerable endogenous resources to survive a period of starvauion
Prioritizing the functions to which scarce resources are channeled will usually
serve to maintain the mmmune response cven though the synthesis of
antibodies requires the depletion of amino acid reserves There 1s constderable
vanation 1n the degree to which such channeling favors maintenance of
Immune competence, but the mechamisms underlying 1t appear to be a
universal biological trait Thus, while starved adults do become more
susceptible to a variety of infectious diseases, there are many remarkable
examples ot survival in the presence of some of the most virulent pathogens.
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The Special Problems of the Growing Individual

The threat to survival posed by starvation 1s much greater for the growing
child than for the adult. There are a number of r2asons for the difference.
First, the demands of growth draw heavily upon the supply of a variety of
nutrients Growth means protein synthesis, which translates into lugh demand
for essentiai ammo acids. In the young, growing individual, endogenous
reserves are seldom sufficient to sustain both growth and maintenance for any
apprecable length of time Morcover, the very young child, confronted for
the first time by a varicty of mfectious diseases, experiences recurrent
demands upon the immune system. It 1s not surprising, thercfore, that severe
consequences can arise from an encounter with otherwise muld and
sell-hmited Giseases such as measles, chicken pox, or pertussis The
appearance ot the symptoms of kwashiorkor followiag a case of measles often
betrays the fact that the child was barely able to sustamn all the demands for
ammo acids before the added burden of infection and heightened
immunoglobuhin synthesis Under such conditions, immunization s dangerous
(Kate, 1977).

The statistics on infant and child mortality and morbidity n areas of
chronic nutritional nadequacy are evidence of the vulnerability of the
growing child to a variety of conditions In view of the sevenity of the stress
and the fundamental processes which are threatened, w* .t 1s perhaps most
remarkable 1s the large number of individuals who manage somehow to
survive llere human adaptabthity can be secen to produce phenotypic
alterations great cnough to resemble genetic changes Many population
differences 1n body size, long thought to be evidence of genetic variation
between human groups, have been found to be largely the product of
alterations n the growth process induced by nutritional stress Such changes
belong to the broad category of “developmental acchmatizations” (Stini,
1975) They are the end product of a combination of physiological
adjustments which serve to reduce the rate of growth while maintaining
allometric relationships between body proportions

The effective reduction in body size attainable by allometric decreases in
growth arc only now being recognized for what they really represent With
substantial increases in body size occurring 1n many parts of the world, 1t has
become increasingly clear that the environment has played a major role in the
deteimination of adult morphology The changes currently occurring are
taking place much too swiftly — sometimes within a single generation — to be
explained as the product of gencuc change. Thus, the “secular trend” toward
Increasing body size around the world serves as retrospective evidence of
human adaptation to factors, including nutritionai ones, which put limits on
the growth process (Tanner, 1968) We have indications that the human
phenotype has the capacity to attain dimensions suited to the hmitations of
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the habitat. This capacity, optimization of growth, contrasts with what is
{requently viewed as the hallmark of good health — maximuzation of growth.
The biological payoff 1s substantial.

Table 11 3 compares the calone and protein requirements of a 70 kilogram
and a 60 kilogram man As the comparison shows, the smaller man requires
considerably less from his environment than does the larger In most cases,
proportional reductions m size cause little of any reduction m functional
capacity to do work This 1s especially so when the wor k performed 1s at the
submaximal level Most sustained human activities are of a sort that pernuts a
smaller individual to pertorm as well or better than a larger one So, in many
cases, reductions in body size pernut larger numbers of individuals to survive
on a given resource base The biological implications are clear the survival of
human populations in a world of uncertam food supply may well depend
upon somnc means of mamtaning population numbers at the expense of
indwidual body growth In essence, the strategy of adaptability 1s to divide
the supportable biomass among the largest number of individuals, which
tnsures survival for the population while at the same time facilitating
individual survival by reducing demand.

Table 11.3

Comparison of Calorie Requirements of a 70 kg U.S. male
with those of a 60 kg Colombian male at similar activity levels

US.A. Colombia

Mean Body Weight (kg) 70 60
Caloric Costs (kcal)

Resting (8 hrs) 570 480

Very Light Activity (6 hrs.) 630 540

Light Labor (8 hrs.) 1624 1392

Moderate Labor (2 hrs.) 602 516
TOTAL 3462 2928

Human Sexual Dimorphism:
Anatomical Indicators of Functional Differences

While size reductions in males are adaptive within hmts defined by work
capacity, there are special constraints with respect to females. Reproductive
success depends upon the ability to carry a fetus to term and to support the
newborn nfant through lactation Both gestation and lactation require
additional calories and protein But there 1s no guarantee that the additional
requirements can be satisfied at the tune they occur. It 1s therefore essential
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that the human female be able to maintain endogenous reserves of both
calonies and amino acids to permut successful reproduction even when
supplementary nutntion 1s unavailable. Skeletal muscle, the primary site of
amino acid reserves, 1s a crucial element in the maintenance of these reserves.
If females were to reduce lean body mass to the same relative extent that
males do, their abihty to bear and nurture offspring would be threatened. So
the strategy of human adaptability dictates chat 1. populations of recurrent
nutrttional nadequacy, sexual dimorphism for lean body mass will be less
than m well fed populations Table 114 shows a companson of the
upper-arm inuscle circumference of males and females of a well-fed
population (U.S ) and one 1 which nutritional intake had been very marginal
(Heliconia, Colombta) Companson of these figures gives an indication of the
degree to which seaual differences in skeletal muscle volume can be altered
even wlule both sexes continue to function with a traditional division of
labor.

Table 11.4

Mean upper arm muscle circumference of adults of
both sexes from a U.S. and a Colombian population

Colombia US.A. Colombia % of U.S.A.
Area  Weight Area  Weight Area  Weight
(mm?)  (kg) (mm?)  (kg) (mm?)  (kg)
Male 4267 60 6464 70 66 85
Female 3450 51 4272 58 81 88
Female %
of Male 81 85 66 83

From an cvolutionary perspective, one crucial element stands out in
determining the functional and anatomical differences between the sexes.
That 1s, women bear and nurture children Thus, whatever the status of sexual
division of labor, there 1s one form of labor that cannot be shared This may
seem a trivially obvious fact, but so many other factors derive from 1t that st
warrants careful attention

Fundamentally, males are male because their role in the reproductive
process 1s to inseminate females, while the charactenstics of females are the
product of adaptations which pertnit the fertihzation of the epgs she carries.
Up to this point, the relationship between the sexes 1s essentially a
symmetrical onec But this symmetry quickly breaks down once fertilization
has been accomplished The burden of childbearing falls most heavily on the
mother Regardless of the social system to which the father belongs, his
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adjustments are largely psychological and behavioral. Those of the mother
mvolve widespread physiological changes. The nvestment in the newborn’s
survival is much greater for the mother than for the father While 1t has
received half of 1ts genetic instructions from each parent, virtually all of the
substances needed to pernut those mstructions to be carried out come to the
developing fetus via 1ts mother Many. perhaps most, of the proteins making
up the tissues and organs of the newborn are synthesized from amino acids
which were once part of the tissues and organs of 1ts mother

Certainly the mtimacy of this relationship between mother and fetus 1s a
hughly cvolved, highly adaptive characteristic The cxtension of this close
relationship well beyond the event of birth s equally adaptive for the species
This 1s so because a human baby 1s essentially an extero-uterine tetus for the
first six to nmne months following birth As such, 1t 1s totally dependent upon
its mother for its nutritional requirements  This prolonged ntimate
relationship 1s not without risks Any event that separates mother and infant
for a prolonged period threatens the life of the nfant Undoubtedly, i the
history of the human species, the difficulty of sustaining a fetus through
gestation and an infant through a lengthy period of dependency led to many
infant deaths It there were not strong selective advantages inherent 1n the
system winich offset the cost such deaths represent, persistent selective
pressure would have favored the shortening of this period of dependency. The
species would then pursue the more common strategy of producing larger
numbers of offspring among whom mortalities would be hugh One of the
outstanding charactenistics of human adaptation 1s the degree to which we, as
a species, have opted for a low reproductive rate coupled with a complex of
mechanisms which maxmuze nfant survival

A successful means of mamtaming population size and varability 1s
essential to evolutionary success This may scem another trivially obvious
statement, but the means by which success 1s attamned differ from species to
species. The human solution to the problem of balancing maintenance of
population size agamnst the maintenance of varnabihity has favored the fatter
This 1s true despite the impressive increase i the world’s human population
In recent times. The paradox of rapid population ncrease in a species which
evolved favoring “quality™ over “quantity” 1s 1esolved when 1t 1s seen that
factors which strongly mfluenced human evolution have quite recently been
modified through cultural mechamsms Nonetheless, we as a species bear the
phystological and anatomical evidence of our evolutionary history, and the
nature and degree of human sexual dimorphism 1s part of our heritage which
recent events have done httle to change

Ma ernal Nutrition and Successful Reproduction

Many anatomical features of the human female reflect the requirements of
the childbearing p.ocess. Some of the structures involved are those associated
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with fertilization, others with parturition, and others with sustenance. It is the
last-mentioned which will be of primary concern here. This is because the
features which are associated with fertilization, although anatomically
defimtive, do not represent an assymetrical comnutment with respect to the
sexes. The anatonucal structures associated with partunition, while revealing
both definitive and assymetrical differences, are capable of few alterations
which are compatible with successful reproduction. Thus, environmental
factors which might alter the degree of sexual dimorphtsm 1n a population are
less casily detected through enatomicai features associated with fertilization
and parturition than is the case with those associated with sustenance

The crucial nature of female adaptation to nutritional madequacies is self
evident Adjustments in the rate of growth and maturation are central to that
adaptation Thus, while males undergo sumlar stresses, there 1s a high
probability that their response will differ, this 1s because the energy
vestment of the male 1s both qualtatively and quantitatively different than
that of the female

An important aspect of the female adjustiment 1s the retention of a reserve
of anmino acids and calories maintained 1n the muscle and fat compartments.
The amount of energy stored by the time of menarche has been calculated at
75,000 to 90,000 kilocalones (Frisch, 1972) This reserve would, under most
circumstances, be adequate to support a full gestation period and to mitiate
lactation However, the total calorie cost of pregnancy may, under some
circumstances, exceed the reserve (Blackburn and Calloway, 1976a, 1976b).
Recurrent pregnancies under conditions of nutritional madequacy may act to
deplete maternal ieserves substantially The effect of such depletion may be
most pronounced during the postnatal period. Lactation, beginning during
this time of depletion, may create demands on maternal resources which
cannot be satisfied

Lactation after depletion of maternal reserves nught be expected to affect
the volume and/or the composition of nulk produced Most evidence available
m the 1970’s supported the position that 1t 1s volume rather than
compositior which 1s adjusted, But studies of variations m the compos*‘ion of
human mulk, both between and wittun individual mothers, have cast some
doubt on the unmwversality of volumetric rather than compositional
adjustiment

Whether maternal adjustments favor changes mn volume or composttion of
nulk 1n the first or subsequent trumesters post-partum, the state of depletion
of the mother will be 2n mportant deternunant of the change. The factors
wlich provide a measure of the capacity of the mother to sustain pregnancy
and lactation are measurcable m part through analysis of maternal body
composition llere 1t 1s necessary to take into account the status of both fat
depots and lean body mass It 1s perhaps the latter which 1s most significant,
since ammno acids drawn from skeletal muscle serve as endogenous reserves for
protein synthesis and for gluconeogenesis Alanine 1s the primary endogenous
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glucogenic substrate released by muscle and extracted by the liver during
starvation and, quantitatively, alanine concentrations are among the highest
in plasma. Thus, a fall n plasma alanmne may impair hepatic gluconcogeness
and lead to maternal hypoglycema.

In well-fed populations, women add between one and one and one half
kilograms of lean tissue dunng the last half of pregnancy. This 1s
approximately equal to the amount of fat gan during the same nterval. In
general, adequately nounshed pregnant women take up mtrogen at about
25-30 percent efficiency, there bemng a linear relationship between calorte
intake and mitrogen balance

The real stress for the madequately nourished woman comes with the
onset of lactation Supplementation begun in the post partum period may
well be too late to compensate for the increased need for both protem and
calories experienced at this time  As has been argued by Habicht et al. (1974),
the maximum benefit from supplementation would accrue from beginning
carly m pregnancy Failing m this, supplementation of the mother still has
distinct advantages, both from the standpomt of maternal and infant health,
and 1n terms of economy (McKigney, 1971, Jelhffe and Jelliffe, 1976, Sosa
et al., 1976)

Concluding Remarks

The evolutionary listory of our specics has been such that humans are
nutntional generahsts The ability to suivive using a range of nutrient
resources has permitted human colenization of a wide range of habitats
outside the ongmnal tropical one By expansion, colomzation, and
exploitation of a variety of habitats, our species has become increasingly
comnutted to a strategy featuring maximization of mdvidual survival
Physiological mechamsms which permit phenotypic alterations within the
lifetime of the individual are a central element of this strategy

A sccond significant pomnt 1s that even for a species wlich emphasizes
indwvidual survival, successful reproduction remams a fundamental considera.
tion. In a world full of uncertainties, where environmental changes of great
magnitude have occurred throughout the history of the spectes, mechanisms
which safeguard the capacity to bear and rear offspring take on special
significance. Tluman gestation 1s a lengthy 280 days. The relative period of
post partum dependency 1s extraordinarily long, even in comparison to that
of other mammals Thus, there 1s strong likehihood that, during the period of
onc and onc-half to two years 1t takes to bring a human infant from
conception through lactation, at least some period of nutritional stress will
occur. In order for the human mother to buffer her offspring from the threat
such stresses pose, 1t 1s essential that she be able to accumulate and draw
upon endogenous stores of essential nutrients, Conscquently, there are special
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limitations imposed upon the phenotypic adjustments made by females as
compared to males who grow and develop under similar conditions of
nutritional madequacy.

Males are larger and have greater lean body mass than females. This has
been thought to be associated with the necessities created by differential
demands for strenuous physical activity ansing from longsianding practices
involving division of labor between the sexes. Since there 1s greater flexibility
in the activity pattern than in requirements for reproductive success, males
tend to be more developmentally labile than females The net result 1s a
reduction 1in sexual dunorplusm for muscle mass under conditions of
nutnitional nadequacy From the standpomt of population energetics, this
gives evidence of being a strategy of considerable menit. Both individual and
population survival — seemingly conflicting goals — are thus promoted by the
mechanisms cited.
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Strategies For Solving
World Food Problems

Gail Grigsby Harrison

The basic facts of malnutnition in the world have been known for some
years. Between 400 and 500 mullion people suffer from protein-calorie
malnutrition, and additional nullions from other torms of nialnutntion
(Austin, 1975) Population 1s growing at an exponentul rate, while worldwide
food production has barely kept pace on a per capita basis, in spite of
advances m agrieultural  productivity  The mmmediate cause of most
malnutrition, however, 1s not lack of aggregate food supplies, but
maldistnibution — unequal access to food Towal world gram production was
about 1 3 bilhon metric tons in the late 1970’ If evenly distibuted, this
gram would provide annually about 3000 kilocalories of energy and 65 grams
of protem per day for cach of the four bilhon people on carth, without
considenng contributions from pulses, fruits, and vegetables, fish, or animal
products (Timmer, n d ) Dispanty between dicts in the developed and the
developing countries, and maldistritbution of food within the developing
countries, and even within households, seem to assure that the poorest and
most vulnerable to malnutrition are those with the least power to influence
policy or to exert economic influence on the market-place

Nutritional deficiencies m developing countiies are principally and directly
the result of widespread poverty It 1s tempting to assume, therefore, that,
with general socloeconomic development, the problems of malnutrition will
disappear This point of view was prevalent n the 1950°s and 1960's, and was
consistent with a one-sided view of development, which assumed that
diffusion of technology from the developed to the developing nations would
alleviate the worst of poverty’s manifestations Slowness 1n successfully
adopting this technology was attributed to the cultural conservatism of
agrarian societies (Marchione, 1977). As Adams has stated, the gencral
concern of those involved with development was to make more of 1t (Adams,
1974)

Since 1970, several facts have beconie clear which bring this point of view
mto question  First, nsing national incomes, especially m  developing
countries, do not always guarantee better diets Rising gross national product
may first appear as profit in the pockets of the econonucally advantaged in
the developing countries, without betterir~ the lot of the poorest consumers,

(141]
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Further, demands other than food costs are made upon individual incomes,
and nsing incomes are usually accompanied by increased exposure to
non-food consumer goods Second, malnutrition itself impairs the progress of
development through 1ts effect on the ability of workers to produce and the
abulity of children and adults to take advantage of educational opportunities
(Berg, 1973)

Thus, the pomt of view of development planners has changed, to the
extent that a working document from the 1974 World Food Conference
stated * . 1t 1s neither necessary nor destrable to wait until the process of
cconomic development has brought about a general ncrease 1n incomes
Action.  can be taken in the short term to mcrease the food production
capacity, the purchasing power, and/or the nutritional status of the least
advantaged people 1n each country™ (World Food Conference, 1974) The
goal of singling out the reduction of malnutnition as a specific objective of
development policy has become widely accepted, albert for different reasons
i different circles Some argue that reduction in deprivation 1s a legitimate
indicator rather than a by-product of development, while others feel that the
reduction of malnutrition will have a positive effect on the gross natronal
product (Reuthnger, 1976)

Recognizing the legitimacy of this goal, however, 1s only the first step
Formulating and implementing policy which will reduce malnutrition 1s much
more complicated The decision to deploy resources to alleviate malnutrtion
1s a political one, which takes place 1n an economic and social context,
further, the nature of nutritional problems poses difficulties seldom
encountered i other spheres of development

The World Food and Nutrition Study

During 1976, the writer was a member of the Nutrition Overview Study
Team of the World Food and Nutrition Study undertaken by the National
Research Council, National Academy of Sciences. President Ford directed the
Academy to underake the study, following Secretary of State Kissinger’s
statement at the World Food Conference, n 1974, committing the United
States to a leadershup role 1n alleviating hunger and malnutntion The
summary report of the study was delivered to President Carter 1n June, 1977,
«t was based upon the individual reports of fourteen study teams, and was
compiled by a steering comnuttee Full reports by the individual study teams
were published as a four-volume supplement to the summary report (National
Academy of Sciences, 1977) Of the fourteen study teams appointed, only
one was concerned specifically with nutrition. This study team was chaired
by Alan Berg, of the World Bank, with Dors Calloway as co-chairman Its
task was to define the prionities for research wlhich would have a maximum
impact on hunger and malnutrition,
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The study team began by calling upon the expertise of a broad base of
nutrition scientists and program personnel from the U.S. and abroad. Study
tcam members formed satellite groups (48 individuals in all) to assist in
sorting through the many research possibilities posed to the team. In
addition, 140 specialists, representing a wide range of disciplines and
countries, reviewed the team’s working papers at various stages. Opinions
were exchanged with 58 of these specialists at hearings in Boston, New York,
Washington, and Berkeley. Those from the international nutrition community
sent written or taped responses

The study team based 1ts work on the following assumptions a) that
realistic and equitable national and international food and nutrition policies
must be formulated, b) that the prevalence of malnutrition 1n many countries
has been and will continue to be related to government decisions on
cconomic development strategies and other non-health concerns, and c) that
political leaders i many countries have responded to the pressure to provide
food to people who need 1t The magmitude of expenditures 1s such that
accelerated research 1s almost an imperative to assure more rational, cfficient
use of increasingly scarce food and financial resources

Rescarch priorities were selected on the basis of the following cniteria* a)
Docs tlus research problem address a gap n knowledge which directly
impedes progress i policy deusion-making? b) Can 1t be accomplished? ¢)
Has 1t been receving msutficient attention? Only research topics which met
all three cnitenia were mcluded m the final report

A further assumption which underlies the report, and which colored the
deliberations of the study team, was the realization that a “we/they”
distinction  between the developed and developing nations is not only
pohtically mappropnate, but would be counter. oductive n terms of U.S.
priorities We deal with the same nutritional unknowns as do the developing
countries  Research conducted i the developing countries will have
incieasing apphcability in the U S. and vice versa

The completed report was quite different from research recommendations
usually seen 1n agriculture or basic science While mcreased funding for basic
nutrition research was encouraged, emphasis was given to arcas which impede
policy decisions The term “political will” found its way nto the final study
report in a promnent place, stating clearly that both intensified research and
political will are necessary 1f problems are to be solved. The Steering
Commuttee’s summary document stated that food production n the
developing countries will have to br aubled by the end of the century. Little
of the increase 1s expected to come from aiditional land put under
cultivation, rather, 1t will come from increased yields — especially through
agricultural methods which make mimmal cnergy demands — and through
better food preservation and decreased food losses. As stated in a report
published 1n Science, the study “. . . 1s a creature of the 1970%. It pulls away
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from the moon shot mentality of the Green Revolution, recognizing instead
that obstacles raised by politics, population, and poverty have to be overcome
if increased production 1s to make a dent on the food problem” (Holden,
1977).

While the mmportance of production 1s recognized, especially 1n the long
run, there 1s also a need to focus on consumption, on demand rather than
supply, and on consumers rather than, and 1n relation to, producers, As often
as not, malnutntion 1s caused by an unequal distribution of food supplies
rather than by inadequate aggiegate supplies (Reutlinger, 1976).

With this focus, the study team delineated fow major areas of rescarch
which were recommended tor prionty tunding

a) the functional significance of nutritional status,

b) ensuring the quality, safety, and adequacy of diets as consumed;

¢) intervening to improve the nutritional status of selected groups;

d) nutntional immpact of government policies.

Each of these areas has spectfic significance for nutrition policy development

Nutrition Policy Defined

Food and nutrition policy may be defined as “ . a complex of
educational, economuc, techmeal, and legislative measures designed to
reconcile, at a level judged feasible by the planner, projected food demand,
forecast food supply, and nutntional requirements . , (the policy 1s) directed
at remedying distortions detrimental to the public interest between what the
consumer desires, what he can obtamn, and what he needs phystologically”
(World Food Conference, 1974)

Nutritional planning imphes several things Furst, nutrnition objectives must
be seen 1n the context of other valid national objectives Resources directed
toward the alleviation of malnutrition must be measured aganst potential
benefit, and the cost/benefit ratio compared with that projected from
alternate 1nvestment of the resources. Second, the planner requrres three
types of mformation accurate projection of food supply, accurate estimate
of food demand, and knowledge of nutnitional requirements. Lack of
adequate mformation n any of these scctors will impede efficient
decision-making Third, a food and nutrition policy will consist of a number
of policies and programs (what Austin has called a “portfolio” of measures)
suited to the local conditions and resources, and responsive to the particular
ctiology of malnutrition in the local situation (Austin 1975),

Functional Significance of Nutritional Status

The seventy and extent of a country’s food deficit 1s usually described 1n
terms of the disparity between food supply and requirements, These data,
even 1f broken down by geographic region, do not provide necessary
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information on who 1s malnourished and to what extent. Concern 1s with the
degree to which a given food intake maintains, enhances, or inhibits an
individual’s functional performance (actwvity, growth, resistance to infection,
and so forth), rather than with the food consumption of an entire population
group. But even careful surveys of nutritional status, based on physical and
biochemical findings, as well as dictary information, do not provide data on
the consequences or costs of malnutnition. A simple boundary does not exist
for any nutrient between adequate and madequate intakes. Rather, levels of
food required, amounts consumed, and levels of performance are closely
interrelated.

To decide which nutrition problems should receive priority, and how
resources should be allocated among target groups, the decision-maker needs
to know the relative seriousness of different degrees of malnutrition and the
amount of benefit to be derived from specific increments of nutritional
improvement. The percentage of the world population with mild to moderate
malnutntion far exceeds the proportion with severe malnutrition. Is 1t more
Important to use food resources to bring the majority who are mildly
malnounished up to optimal levels (if these can be defined), or 1s 1t more
Important to cradicate severe malnutrition? It 1s usually assumed that returns
from 1mprovements decrease as nutritional state umproves, but this 1s not
necessanly true for all functions and at all levels of intake There may be
thresholds below which increments have no demonstrable benefit

The question of standards for nutritional adequacy 1s cential to the 1ssue
of functional significance. Dietary standards are determmed on varying
amounts of data, usually obtamed on subjects in highly artificial conditions,
The real world fact 1s that people ive in multi-stress environments and are
often adapted, genctically or physiologically (or both), to those environments
n vanious ways (Haas and Harrison, 1977) Nutient requircments may be
quite different 1 a cold versus a hot chmate, 1 a lngh-altitude versus a
sea-level environment, under conditions of licavy physical work versus
sedentary work. The ongmnal studies of human protcin requircments were
conducted under conditions of calorie adequacy, only recently have
mvestigators begun to look experimentally at protem requirements under
conditions of a margmal, madequate, or excessive calorie supply Ideal rates
of human growth have not been defined, the 1dea that brgger 1s necessarily
better 1s being seriously questioned, but there are many unresolved 1ssues, At
what stages of development are growth rates critical? Is there an optimum
body size? At what stage or degree are changes irreversible for a given
function” Pohtically, 1s reversibility an academic question when prevention is
cheaper than cure? How much variability 1s there in individual capacity to
adapt to altercd nutritional states?

It 15 clear that rapid, simple measurcments of nutritional status are
required; measurements of functional performance must be developed and
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quantified. The determmnation of caloric and protein needs should receive
priority. In contrast, the cost of providing micronutrients 1s nommal, The
major cost of nroviding these micro-nutrients 1s 1n delivery, and corrective
measures do not require that individual dietary requirements be closely
defined.

Ensuring the Quality, Safety, and Adequacy of Diets

Litdle 1s known about the long-term significance of the variety of human
diets Human populations subsist on dicts 1n which as httle as two percent or
as much as 50 percent of the energy 1s derived from fat and eight percent to
20 percent from protein — with almost all or virtually none from anunal
sources — and in which the carbohydrate 1s mainly present as refined foods or
as unrefined roots and cereals Important interactions exist between
nutritional and non-nutritional components of the diet In many mstances,
adequate combinations cf foods (such as maize and beans, or rice and fish)
nave developed indigenously, as has fortification of foods with plant ash or
crude salt, fermentation, yeast, and lime Rather than beng replaced with
tzchnological alternative s, traditional food processes should be studied in an
effort to improve on their nutrnitional contribution by increasing yield and
assuring safety

Along with a focus on traditional diets and food preparation processes,
information 1s badly needed on the factors which nfluence household and
individual eating behavior  Manifestations of poverty, such as poor housing,
poor sanitation, and 1illiteracy can be largely remedied by dehvering an
extensive infrastructure of public services Changes m nutritional status,
however, depend on how indvidual households respond to the stimuli of
public intervention Iouscholds ate the ultimate deciston-making umits
concerning nutritional intake, and 1t 15 this context that public policies
have to be designed (Reuthnger, 1976) Locally relevant information 1s
needed n cach country on the significance of factors that determine
consumer-level dietary behavior income, prices, household size and
composition, sociai and cultural determmants of food choices and food
distribution within  the fanuly, local food production and distribution
patterns, and relevant knowledge and attitudes The effect of both planned
and unplanned change on dietary patterns and nutnitional status should be
assessed There 15 a need to know about varnability n the cfficiency with
which famly resources are used to provide nutrition

This set of research questions, more than any other in the entire National
Academy of Sciences study, addresses the concern that, whatever else, science
should “do no harm.” Change in food svstems, planned or not, 1s nevitable.
Both planned and unplanned char,es are occurring i a vacuum of
utformation. There 1s a cnitical need for mexpensive methods of momtoring
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short-run  changes 1n food consumption patterns, and for culturally
appropriate techniques for gathering valid information on food consumption
by individuals within eating sroups

High prionty should be given to research regarding nutrition in
populations and subpopulations which are malnourished However, long-range
benefits may justify expenditures to learn about behavior that maintains
adequate nutritional status n the face of environmental and social changes,
and determinants of dietary behavior 1n affluent populations. Food
consumption patterns in affluent populations affect the food available to the
rest of the world, often set the patiern for widespread changes in food habuts,
and determine the nutritional status and functioning of the affluent
populations themselves

Intervening to Improve the
Nutritional Status of Selected Groups

Fecding programs have been and continue to be the most important way
to give direct and immediate nutritional help to the most needy groups of
people, be they refugees from a natural or human disaster, young children
and pregnant women, or the poorest of poor families Feeding programs,
when carried out with approprate foods for an adequate length of time, can
ensure a mintmum level of nutrition to those most vulnerable, who cannot
mect therr needs through the marketplace In addition, successful feeding
programs can help improve the health and educational services 1n developing
countries by reducing hospitahization for malnutrition and absenteeism from
schools However, there have been many negative side effects of feeding
programs Probably most inportant, when the programs have been based on
imported foods, they have often resulted m signtficant depression of local
production of food because of a lowering of prices This has been the case
even with the provision of food in the wake of disaster (World Food
Conference, 1974) Some feeding programs have brought about problems if
they were suddenly and nappropriately discontinued, and others have failed
because of lack of appropriate admimistrative nfrastructure, planming, and
organtzation

A mayor problem with the lustory of fecding programs has been inadequate
evaluation We do not, in spite of decades of experience, have an adequate
information base on which to build decisions We can, to be sure, avoid the
most obvious nustakes of the past — proviston of culturally unacceptable
foods, abrupt discontinuance of a program — but we do not have adequate
mformation for a planner to decide, for example, whether 1t 1s better to
direct supplementary feeding to cluldren or to workers, whether 1t 1s better to
combine a feeding program and a famly planning program, or to leave them
separate, whether 1t 1s better to provide, given scarce resources, two-thirds of
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the recommended dally allowance of calories to one-third of the ncedy
children, or one-third of t! - needed calories to two-thirds of the needy
children,

Many other direct interventions besides feeding programs are possible,
These, too, nced evaluation. Some of these are.

Multi-tiered pricing systems. Basic staples can be sold at less than
market cost. An example 1s the system of far price shops n
India, which 1nsure the quality and price of the food An
alternative approach 1s a direct subsidy to poor consumers (via
food stamps or coupons) which enable purchase of all food or
specific foods (such as weamng foods) at less than market price.

Direct  rationng  of basic commodities Rationing  reminds
Americans of wartime, but 1t 1s a useful means of hmiting the
effect of high purciatag power on basic food prices, and hence
on access to baste foods for the poor

Nutrient supplementation and fortification Many foods have
been fortitied with many nutrients, in many places. The only
proven and dramatic successes have been in programs to add
1odne to salt n gotterous regions and to add vitamin D to milk.
Other additions — lysine to corn, B vitamuns to bread, ron to
various foods, vitamin A to sugar, and so on — need further
testing. Sustained improvement has not been documented, To be
effective, fortification must reach the subpopulation group most
in need, must not make the fortified foods unacceptable, and
must not pose risks to other, better nourished segments of the
population

The introduction of new foods New foods have been ntroduced
in many cultures i both planned and unplanned situations. Some
new foods have been successes, others failures We know too little
about the reasons why.

Nuirition education Nutrition education 1s the most widespread
form of nutrtion intervention Success, in spite of isolated
exceptions, has been minmmal or undocumented. Unsupported by
a sound framework of nutrition policies, education programs
function as an arm without a body (World Food Conference,
1974). There 1s some evidence that education 1s effective when
backed up by a coherent policy We need, however, to know a
great deal more about the factors that determine food-related
behavior.

Nutritional Impact of Government Policies

Policies designed to have an impact on sanitation, housing, health,
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international trade, credit, inflation, employment, population control,
migration, markets, transportation, and agniculture all have cffects on
nutrition. They are, however, seldom made with this impact 1n mind. To
anticipate the effects on nutrition — to require a “nutritional impact
statement” of any proposed government policy — would be to make nutrition
truly a national priority Some of the 1ssues related to non-food government
policies include:

Production strategies What are the nutritional consequences of
encouraging commerctal vs, subsistence crops” Monoculture vs.
integrated, diversified plots? Providing assistance to larger, more
productive farmers vs necdier, small-scale farmers?

Agricultural research strategies What are the nutritional benefits
or detriments to be derived from research on one type of crop vs.
another? On energy-intensive vs labor-intensive methods of
increasing production?

Rural credit programs Which crops are chgible? On what inputs
can credit be spent — why on tractors but not day laborers?

Food self-sufficiency Some countries are specifving increasing
food self-sufficiency as a national goal Is “food independence”
the best way to achieve nutritional well-being? What degree of
independence? Should a country strive to be self-sufficient in
bread but not flour? in flour but not wheat? m wheat but not
combines? in combines but not in diesel fuel? To what degrec is
food dependence desirable in an interdependent world?

Food aid In what contexts do the long term effects on local
production outweigh the short term benefits?

Resource use ls there a conflict between dictary patterns of
wealthy countries and poor ones? It costs several times more to
feed a citizen of the US. than a citizen of India, m terms of
dollars, gram, and  non-renewable resources The
access/distribution 1ssue exists wichin and between countries.
Whether changes toward less ecologically expensive diets in the
developed countries would have measurable benefits on the rest
of the world (aside from the probable benefits to our own health)
can be studied This 1s an area in which good rescarch could shed
consideratle ight while dissipating some of the heat.

Nutrition Policy: The Jamaican Example

Food and nutrition policies are being formulated and implemenied by
some countries. As early as 1972, a newly-elected Jamaican government was
emphasizing the theme “Grow Our Own Food,” and by 1974 had formulated
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three clear cbjectives (Marchione, 1977)- .

(1) Ensure availability of suffictent food by 1980 to maintain good
nutnition and dictary well-being for all segments of the population.

(2) Ensure annual increases i the proportion of energy and protein
requirements supplied by local production.

(3) Elimmnate malnutrition m vulnerable groups of the population, and, in
particular, a) serious protem-calorie malnutnition and anemia mn
children up to five years of age, and b) nutntional deficiencies in
pregnant and nursing women

In spite of a 90 percent 11se 1 the consumer food price index between

1973 and 1975, measures to support these goals enabled the reduction of
protein-caloric malnutrition m rural arcas, and prevented deterioration
urban areas. This was accomplished by a shift from growing export crops
(bananas) to foods for local consumption, the taxation of idle lands, land
redistribution, higher wages, and reduced unemployment An education
program for community health aides remnforced the self-reliant theory of
development, and may have had further 1mpact upon nutnitional status
(Marchione, 1977).

Food Policy* The Chinese Example

The most important and awe-nspiring example of what can be done with
coherent policy and pohtical will 15 that of the People’s Republic of China,
which has managed to virtually ehminate serious malnutrition a few
decades. China has, by all accounts, solved 1ts food problem. Thus solution has
been brought about by two fundamental policy components — Inereasing
food supplies through agricultural growth, and ensuring access to those food
supplies by means of socialist distrbution mechanisms (Timmer, 1976).
Increase in production has been largely the result of T-cen Revolution,
lugh-yielding strains of grain, coupled with labor-mtensive rather than
energy-intensive tnovations, including double-cropping, major water control
works, transportation facihties, and the utiization of large amounts of
organic manure Rural eclectrification has permitted the diffusion of
manufactunng and repair capabilities into the countryside, while keeping
motors simpler and cheaper to operate than those which use petroleum fuel
Sigmficant  dwversification to include anmmmal husbandry, fruit raising,
beekeepmng, food and fiber processing, and small-scale rural mdustries 1s now
occurring. This 1s resulting 1n a transfer of workers from farm to factory, as in
all industrializing countres, but the Chinese are unique 1n that the transfer
involves sinfts m occupation but not in location,

Access to food in China, as well as clothmg, 15 nsured by universal
rattoning of grain, cloth, and cooking o1l Families receive food gram ration
coupons i quantities determmned by the composition of the family, age of
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fanuly members, and the occupation of the wage carners. Rations are large
cnough to provide some surplus, and “savings accounts” o grain can be
established to draw upon at weddings and other feast occastons. No hoarding
1s needed. The poorest of the poor may have little access to other foods, but
everyone has grain. As Timmer has put 1t, “China 1s still a very poor country.
The wonder 1s not that many fanulies cannot afford bicycles, transistor
radios, or daily servings of meat, but that all can have three adequate, 1f
starchy, meals each day. It would be no muracle for rich countres to solve
their food problems, although the evidence 1s otherwise Chia has done 1t
while poor” (Timmer, 1976)

The Chinese example 1s obviously not exportable i toto to other nations.
But 1t should be studied to determine which aspects may be adapted to other
sttuations

Perspective on a U.S. Role

To return to the National Academy of Sciences study team and the
underlying assumption of its recommendations, the potential U.S. role in the
solution of problems of hunger and malnutrition 1s complex. What the U.S,
government 1s able to do about mobilizing U S. nutrition research capability
to assist the developing countries 1s related in part to what the U.S.
government decides to do about 1its own nutrition problems. Thus, for
example, urging by US experts that developing countries adopt national
nutrition policies and programs 1s likely to be regarded as somewhat
anomalous m light of the fact that the U S government itself has never done
so Other countries may properly ask what the U S has done or intends to do
about the nutrition problems of 1ts own low-income populations, or what
research evidence exists on the effectiveness of nutrition programs n the U.S.

To approach the task as onc solely of helping to find answers for the
developing countries would be viewed by somc as another patronizing U.S.
activity reflecting the assumption that the U S, has all of the answers. This 1s
clearly not the case in the field of nutrition Indian scientists are ahead of
therr  American counterparts i understanding the relationships  between
malnutnition and infection, Mexico, Guatemala, and Colombia lead the field
in the area of nutrition and learning

The rescarch prionties outlined 1n the Academy study should be
undertaken by US scientists as part of an evolving international network of
nutrittonal rescarch  The international cooperation sought 1s not primanly
governmental, but among scientific communities. The role of the U.S.
government 1s to finance nutrition research and development where it can
best be done. Country-specific problems can best be studied 1n the research
stitutes of those countries. Research and development that is not
country-spectfic can be done anywhere. The contribution that the U.S. can
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make most easily in this regard 1s to mobilize the energies and ingenuity of
US. and foreign scientists working in the United States The supply of
quahfied nutntion scientists 1s grossly inadequate, and the U S. can also make
a significant contribution 1n training the needed individuals

In summary, the solution of the world’s tood problems will only come
about through decreased population growth, nsing incomes, accelerated
rescarch in the US and clsewhere, and a combination of policies and
programs, based on sufficient political will, to make the alleviation of hunger
and malnutnition a high-prionty objective.
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