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ability,” the gains were almost identical in

the two groups. An improvement in the

general adjustment of a number of time experi-

mental subjects was reported, in contrast to

the ai)sence of such changes in time control

group. Methodologically, time apparent ai)-

sence of placebos is a weakness of time study

and may imave affected differentially time overt

behavior of the two groups.

INDUSTRIAL NuTRITioN

Imu addition to laboratory investigations on

performance capacity, a limited amount of
controlled investigations has been carried out

in industry. In the United States, the two

principal problems were the effectiveness of
vitamin supplementation (cf. Nutrition Re-

views 8: 312-317 1950) and the between-meal-

feeding (cf. Nutrition Reviews 8: 167-170,

1950). Recent literature on tile influence of

nutrition on work performance was sum-

marized by Simonson7’ and Hutciminson and

Krehl.4#{176} Selected aspects of German experi-

ences, nuade during and following the Second

World War, on dietary intake and performance

were reviewed by Kraut ;47 some of these

studies were critically evaluated in Nutrition

Reviews 9: 340-342, 1951.

Time broad field of industrial nutrition has

i)eefl sui’veyed systematically by Pyke.#{176}3 Time

author pointed out64 timat although time litera-

ture on tile energy requirements is consider-

able, much of it does not apply to modern

industrial work and is of limited value to

those who are responsible for the task of de-

signing meals for industrial workers.

A review of meal habits aix! timeir effects on

performance was prepared by Hutcilinson.3”
He was particularly concerned with in-be-

tween-nieals feeding, stressing certain advan-

tages in having a large number of small meals

at short intervals (rather than a smaller num-

ber of large meals at long intervals). Such

a dietary regimen apparently promotes alert-

ness and general well-being, while large meals

generally result in postprandial drowsiness

and disinclination for mental effort and physi-

cal activity. The new material provided by

the author consists of a graph representing a

“typical” daily production curve, with a rise

in output during the early part of tile morn-

ing and time afternoon work period, and a

‘ fatigue” decrement in time later part of eachm

period. Of particular interest are time (iiffer-
ences in time afternoon output curves following

a imeavier and a light midday mueal. \\‘hmiie

after a ligimt snack the production curve rises

fairly steeply, a full meal is associated with

a “flattening” in the early production curvt

(a slower rise) . If numbers could be attacimed

to these observations, the information would

not be without interest. Unfortunately, no

details are available on the type of industrial

operations to which the graph refers, the num-

her of workers involved, or the actual size of

the meals. The graph has been prel)ared on

tile basis of descriptive information received

by time author from unidentified sources. Thus,

scientifically, hardly any progress has been

made i)eyond the common-sense observation

that ingestion of a large meal is frequently

associated with a feeling of drowsiness, sonic

deterioration of co-ordination, with disincli-

nation for mental or physical effort.

The practice of between-meal feeding is

generally considered as a positive factor in

l)rOductiOn efficiency. Jung42 regards time mid-
morning snack as especially important wimen

time work starts early in time morning and tim(

actual period since breakfast is lengthened by

a substantial amount of time needed for trav-

eling froimm home to work. However, in sonic

situations the interruption of work requires

a new “warm-up,” with slowly rising output,

and tile I)ractice of mid-morning snacks is of

questionable merit, if evaluated on the basis
of output alone. Again, this iimmportant point

is not documented by actual data.

Jung42 stressed that in intellectual work time

mood plays an important role, and that it can

be affected, in some measure, by the diet. He

believes, specifically, that meat has a stimu-

lating effect on many people. All these points

are unquestionably of practical importance.

Unfortunately, scientific investigations of

these matters are very meager in comparison

with time wealth of the medico-culinary lore.

Even as far as muscular work is concerned,

the literature on the effect of variations in the
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composition of the diet is full of inconclusive

and contradictory statements.

POTENTIAL APPLICATIONS IN CLINICAL AND

Fmu STUDIES

Thue problems discussed so far have been

studied, principally, under carefully controlled

laboratory conditions. A limited amount of

controlled research has been carried out in in-

dustry. The extension of the application of

psychometric techniques to the clinic and to

time field represents a real challenge. Thus,

while in pellagra the “dementia” (together

with dermatitis and diarrhea) has long been

recognized as a classical symptom, there is a

dearth of investigations of the psychological

aspects of the disease using modern methods

for the study of personality.

It may be that those parts of the world in

winch serious food deficiencies are widespread

represent the most fruitful and most important

field for a systematic study of the impact of

nutrition on psyche. In kwashiorkor-a dis-

ease associated with protein deficiency in

young children and rampant in some parts of

Africa, Asia, and the Americas-the presence

of mental apathy, combined with peevishness

wilen the child is disturbed, has been cited as

one of the outstanding characteristics.41

Clark17 considers the mental changes a con-

sistent and important feature of kwashiorkor.

Davies (Ref. 21, p. 110) noted that tile mental

changes are unquestionably a part of the dis-

ease, do not respond to any specific therapy,

and disappear on general clinical improve-

ment. He suggests that they are directly

related to protein deficiency and the associ-

ated general enzymic upset. Carothers16 be-

lieves it unlikely that time impairment of

mental development at two to four years,

associated with severe protein deficiency, will

be wholly remedied in later years. As the

matter stands now, we lack data necessary

to confirm or to refute this hypothesis.

The exploration of intellective growth in

different populations requires non-verbal tests.

Such a test, still not universal enough in con-

tent, and more “culture bound” than is desir-

able, has been recently developed and de-

scribed by Gihle.32 The test, designed for

group administration and applied to some

100,000 French children, imas been used also

with natives of French West Africa. The

variations in the mode of life, envisaged as

one of the topics to be studied by this test,

include inul)ortantly the nutritional factors.

A study of psychological changes associated

with kwashiorkor was initiated by a grant

from the Mental Health Section of W.H.O.

Performance on the individually administered

i)attery of tests, which are largely nianipula-

tive, and which have been standardized by

Gesell for the study of the mental growth of

the preschool child, is used for the evaluation

of mental capacity.3#{176} In addition to the psy-

chometric studies, attention is being paid to

the socio-psychological setting in which the

disease develops, especially to the behavior of

the mother.

While speculations abound about the role

of food in national differences in temperament,

empirically founded knowledge in this area is

negligible. Primitive societies, of the sanue

genetic background and living in the same

climate but subsisting on different diets, pro-

vide useful “natural laboratories” for testing

the hypothesis concerning diet and tile psy-

chological make-up. In Northern Rhodesia,

Richards and Widdowsonosa observed that time

fish-eating Bisa exhibited greater vitality, en-

durance, and ability to concentrate than time

Bemba, in whose diet cereals (millet) played

a dominant role.

Nicol,58 in his study of tribal nutrition and

health in Nigeria, reported that, on clinical

examination, physical fitness and mental alert-

ness were judged satisfactory in about 70 �er

cent of the trader group and the Ijaw fishmer-

men, while only half as many Isoko farmers

appeared fit and the majority of them were

apathetic during the examination. Considera-

tions of their general appearance, beilavior,

and dietary intake led the author to believe

that the mental apathy and irritability of

the Isoko farmers was causally related to a

prolonged deficiency of B-complex vitaimmins.

A more detailed diagnostic study and the

evaluation of the effects of dietary treatments

will profit from the application of more so-

phisticated techniques for the description of
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mental functioning and of personality. Nicol’s

study was limited primarily to a qualitative

clinical evaluation, but records of the local

police and the courts, providing evidence on

the rages and tantrums from which the mem-

hers of the Isoko tribe suffer from time to tinue,

were also considered.

ANIMAL STUDIES

So far we have dealt with man. Dr. Paule

Aschkenasy-Lelu, who has written reviews of

the literature dealing with the effects of nu-

tritional deficiencies on behavior,4 supplemen-

tation of the diet with certain nutrients, par-

ticularly thiamine and glutamic acid,3 and

nutrition in patients with mental disorders,6

has also carried out experimental studies5 on

the spontaneous food intake of the rat. While

sime accepts the general thesis that metabolic

factors play an essential role in regulating

food intake, she has been unable to demon-

strate time presence of a specific “hunger” for

protein.

The study of nutrition and animal behavior

is an interstitial area, depending for effective

development on the combination of compe-

tence in biochemistry and familiarity with

methods for the study of animal behavior. As

far as I know, there is not a single laboratory

devoted to a systematic study of this area;

textbooks of nutrition have largely neglected

studies on animal behavior, which are scat-

tered in a wide variety of publication media,

most of them not readily accessible to the

nutritionist. The Cumulative Index to the

Journal of Nutrition for volumes 16 to 36,

1938 to 1948, carries no entry for “behavior,”

“performance,” “activity,” or “intelligence”

studied in animals in reference to nutrition.

In the period covered by the index, eight ani-

mal studies were published in the Journal

dealing with self-selection of diets and the

appetite for different nutrients.

The best reference is Munn’s Handbook of

Psychological Research on the Rat57 which re-

views the fairly large literature on the hunger

cycle and the eating behavior, on nutrition and

the general activity (as measured by the use

of revolving drums and tambour-mounted

cages) , diet and sexual behavior, dark adapta-

tion in time rat and avitaminosis A, nutrition

and learning, and dietary factors in relation

to the susceptibility to audiogenic seizures.

Reed (Ref. 65, p. 397) considered nutritional

factors in his review of literature on spon-

taneous activity of animals.

The importance of #{128}pecial senses (vision,

smell) to the grazing shieep has been investi-

gated recently at the Rowett Research Inst i-

tute.72”� Tribe7� wrote a detailed review of

the behavior of the grazing animal, taking

into account taste, smell, and sight. He con-

cludes that availabl.e knowledge is not suffi-

cient for a satisfactory theoretical rnterpreta-

tion of appetitive behavior. In addition to

individual factors, the social facilitation in

grazing behavior, induced by the presence of

a group of sheep receiving no food suppiemmient

(one pound of linseed cake meal and crushed

oats), was studied.74 When the two groups

grazed separately, the supl)lemented anililais

spent more time resting than the unsupple-

mented group. When the two groups grazed

together, the proportion of grazing and rest-

ing time was similar and approximated time

behavior of the unsupplemented group when

grazing alone.

An ingenious technique for the measurement

of endurance was applied by Kniazuk an(l

Mohitor4#{176} in their study of thiamine deficiency.

By attaching different weights to swimming

rats, motivated to perform by fear of drown-

ing, the authors were able to vary the work

load in a simple way. This approach is pref-

erable to forced performance to exhaustion on

a motor-driven treadmill, because the possi-

bility of a mechanical injury to the feet of

the animal is completely eliminated.

Recent literature on animal behavior in

vitamin B-complex deficiencies has been sum-

marized in reference to maze learning (Nutri-

tion Reviews 10: 235-238, 1952) and to tile

establishment of conditioned responses ( Nu-

trition Reviews 10: 273-276, 1952). Qualita-

tive observations of changes in behavior are

useful raw data, pointing out the importance

of nutritional factors. Thus Rinehart, Green-

berg, and Ginzton#{176}7 reported that removal of

thiamine from the diet resulted within about
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two weeks in diminished food consumption

and weight loss. In time the animals became

weak, apathetic, and inactive. They (level-

oped muscular inco-ordination, drooping of tile

upper eyelids, and tremors.

While these observations leave imo (loubt

about the effects of the timianuine-deficient

(bets, application of quantitative procedures,

developed for research on animal behavior,

are needed for the study of the relationship

between the quantitative parameters of the

deprivation (its duration and severity) and

the sensory and motor functions.

In the early research on vitamins of the B

complex and learned behavior, the animals

were trained to run in mazes of the alley-type.

Food, serving as incentive, was placed at the

end of the maze. Since loss of appetite is one

of the early symptoms of deficiency of the B-

complex vitamins, especially thiamine, a poor

performance of the deficient animals could be
due simply to a change in motivation, without

a deterioration in learning capacity. For this

reason, the use of escape from water, rather

than finding food, is preferable as a motive

for performance. It has been used, e.g., by

Whitley, O’Dell and Hogan76 in their study

of folacin deficiency. The deficient animals

showed statistically significant inferiority in

their maze-learning ability.

Learning to run a maze may be referred to,

following Allport, as efferent learning, involv-

ing alteration in the response to a given set

of stimuli. Acquisition of conditioned re-

sponses, on the other hand, represents af-

ferent learning, consisting in the extension of

the range of effective stimuli. On the basis of

a limited amount of available experimental

data, it appears that conditioned responses

may serve as highly sensitive indicators of

nutritionally induced impairment of the cen-

tral nervous system.

It was noted above that water mazes are

preferable to dry-land mazes. However,
swimming involves large musculature activ-

ity, and muscular weakness could simulate

impairment of the learning ability. The use

of conditioned responses, such as the closure

of the eyelid resulting from applying a puff of

air to the cornea, simultaneously with the

presentation of a lighut stinlulus,1#{176} serves to
eliminate the interference of variable moti-

vational factors and to reduce the importance

of muscular weakness. Establishment of

conditioned responses (e.g., closure of time eye-

lid at the appearance of light alone) is a use-

ful tool for the evaluation of the aninual’s

ability to develop new stimulus-response asso-

ciations. Strangely enoughu, this technique has

largely been neglected in research on nutrition

and learning, where the reliance has been

placed almost exclusively on maze learning.

While the limitations of animal studies in

general (and of the researches on behavior in

particular) cannot be overlooked, it appears

that the techniques for the study of animal

behavior have not been fully utilized in the

interest of the science of nutrition.

SUMMARY AND CONCLUSIONS

Our attention has been focused on experi-

mental investigations of the impact of food

on behavior in man, with a brief reference to

animal studies. Selected! illustrative studies

were reviewed, with particular reference to

the effects of the variations in the intake of

calories and two classes of special nutrients,

the vitamins and the amino acids, specifically

glutamic acid.

Beneficial psychological effects of the sup-

plementation of a good “average” diet of

“normal” individuals with any nutrient still

remains to be demonstrated satisfactorily. At

the same time, there is no doubt that dietary

deficiencies affect profoundly man’s willing-

ness and capacity for work, and alter his per-

sonality. As a rule, these alterations in atti-

tude and behavior simulate psychoneurosis

although in some instances faulty diet may

bring about psychotic changes, associated with

profound disorders of the central nervous sys-
tem (some patients with pellagra, encephalop-

athy in acute nicotinic acid deficiency, the

Wernicke syndrome in the alcoholic subject).

In the United States, the vitamin enrichment

of flour and bread, begun in 1941, seems to

have markedly reduced the incidence of these

symptoms of avitaminosis (Ref. 77, p. 536).

Wilder77 noted also the decline of severe

mental disturbances, on adding thiamine to
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tile glucose adnuinistered in cases of pernicious

vomluiting of pregnancy or after some major

surgical operations.

It should i)e noted that in human experi-

mental studies, as a rule, the subjects have

been young men, selected for freedonu from

disease and living in comfortable and hygi-

enic surroundings. They were charged with

the responsibility of performing as well as they

could and, with their high nuotivation (vary-

ing in the guiding values in the case of medical

students, soldiers, and conscientious objectors),

in the overwhelming majority they have lived

up to the Iligh expectations. The deterioration

in the measured aspects of performance ca-

pacity and personality has certainly been
minimal, and careful judgment must be exer-

cised in extrapolating the results.

In industry, agriculture, and the majority

of military operations, brute force is being

steadily replaced by that of the machine.

Consequently, in testing man’s “fitness” in

reference to the dietary intake, the inuportanee

of psychological components of fitness has

been steadily increasing.

Motivation, a crucial factor in all achieve-

ment, is particularly readily affected by im-

lroler nutrition. Apathy and psychoneurosis,
experinuentally induced in the laboratory, have

their counterpart in the behavior and attitudes

of malnourished populations. Further exten-

sion of the knowledge of “psychodietetics” is

one of the challenging tasks for the science

of nutrition. At the same time, a vigorous

and intelligent application of available in-

formation would raise significantly the physi-

cal and mental Ilealth and productivity of the

inhabitants of the underdeveloped and under-

fed areas of the world.
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