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PREFACE TO SECOND EDITION

WHEN the first edition of this book was written in 1937 several
important vitamins, including nicotinic acid and vitamin K, had
not been discovered, consequently the book was in some respects
out of date by the time it was published. This is the fate of all books
dealing with subjects undergoing rapid development.

It appears fairly certain, however, that all the more important
- vitamins, sometimes called the major vitamins, are now known.
They have been isolated or synthesized in pure form ; the effects
of deficiencies of them from diets have been widely studied ; some
of the parts they play in metabolic processes have been revealed ;
and the amounts of them in various foodstuffs have been determined.

Several minor vitamins have been discovered in recent years, and
doubtless others remain to be discovered. Most of them are of
less importance than the major vitamins to the extent that they are
very unlikely to be deficient from human diets. It is probable,
however, that the absorption of some of them from the alimentary
tract, or their metabolic actions within the body may be diminished
in certain diseases, or that poisons or bacterial toxins may destroy
them or inhibit the physiological processes of them, and these
effects would have important therapeutic implications.

Much has also recently been discovered concerning a few minerals
which, because they are present in exceedingly minute amounts
in foodstuffs, have been called the “ trace ” elements. The dietary
needs in animal nutrition of some of the trace elements have been
proved.

The great enlargement of this edition is due to (1) the incorpora-
tion of much recent knowledge of the constituents of foodstuffs ;
(2) the inclusion of details concerning foodstuffs more or less
peculiar to warm climates (Chapters XII and XIII) ; (3).a descrip-
tion of diets suitable for hospitals, prisons and other institutions

and for labourers at large ; (4) the increase in size of Chapters XVA
v



vi PREFACE TO SECOND EDITION

and XVII on public healch activities in relation to nutrition ; (5) the
inclusion of Chapters XVIII and XX on food poisoning and insect
pests of grain foods respectively.

The great progress in parasitology and the later discoveries con-
cerning nutrition fall into two great phases which have led, and
are leading, to an improvement on the health of the masses in
tropical countries. And this must continue with the growing
acceptance that all persons have a right to diets adequate for good
growth and health, as in another sphere it has long been accepted
that all children have 2 right to primary education.

The lowering of the death rates, especially infantile mortality, is
producing such an increase in the numbers of the populations of
the tropics that one may wonder what will be the nature of the end
of it, for an end there must be. .

It is far more desirable that the knowledge and means for better
nutrition should lead to an improvement in the quality of the
individuals of the masses rather than to a great increase in the density
of populations.

L. N.

Coromzo,

January, 1945.



PREFACE TO FIRST EDITION

THE subject of nutrition has come very much to the fore in tem-
perate climates and is having far-reaching results in respect of the
growth of the children and the general health of the public. The
great strides made in parasitology in its numerous branches absorbed
most attention in Tropical Medicine, and only extreme conditions
which arise from various food deficiencies such as beriberi, scurvy,
pellagra and keratomalacia received much notice until very recently.

In the last few years much nutritional work has been done in
several tropical countries and this has been mainly along two lines :
firstly, the study of the less cogent results of dietary deficiencies
has brought to light the prevalence of many signs, symptoms,
stunted growth and other effects; secondly, attention has been
paid to the diets in use among general populations and large numbers
of foodstuffs have been chemically analysed and biologically
assayed.

The results of these investigations are recorded in many reports
and papers.

The object of this book is to give, as shortly as possible, the
general principles of nutrition and dietetics and to collect under
one cover the salient points of this scattered information.

The book is meant primarily for medical men who work among
the masses in the tropics.

L. N.
CoLoMBO,

February, 1938.
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“Where one step broken the great scale’s destroyed
From nature’s chain whatever link you strike,
Tenth or ten thousandth, breaks the chain alike.
And if each system in gradation roll
Alike essential to the amazing whole
The least confusion, but in one, not all
That system only but the whole must fall.”

ALEXANDER POPE

PRINTED IN GREAT BRITAIN



CHAP.
1L
1I1.

V.

VL

VIL
VIIL

IX.

XIII:
XIV.

XV.
XVIL
XVIL

XVIIL
XIX.

CONTENTS

CARBOHYDRATES, FATS AND PROTEINS .
MINERALS : CALCIUM AND PHOSPHORUS

MINERALS (contd.) : IRON (AN&EMIAS), COPPER, MAGNESIUM,
SULPHUR, MANGANESE. TRACE ELEMENTS, ACID-BASE
BArLaNce

ViTaMIns : HIsSTORY, ANIMAL EXPERIMENTS

Viramins (contd.) : Vitamin A, VitammNn B CoMpLEX
(THIAMINE)

Viramin B Comprex (contd.) : RIBOFLAVIN, PYRIDOXINE,
PantoTtHENIC Acm, BIOTIN, PARA-AMINOBENZOIC
Acp

ViramiNs (contd.) : VitamiN C, Vitamin D, VitamiN E,
Viramin K

Vitamins  (contd.) : Vitamin P (CrTriN), INosITOL,
CHoLNE, Foric Acip, POLYAVITAMINOSIS .
CONDIMENTS, BEVERAGES AND ““ ROUGHAGE
ENERGY VALUE OF FOODS, STANDARD ALLOWANCES
ANALYSIS OF FOODSTUFES . . : .
Foop oF VEGETABLE ORIGIN : CEREALS, PULSES

Foop oF VEGETABLE ORIGIN (contd.) : ROOTS, VEGETABLES,
Nurts, Frurts . . ‘

Foop oF ANIMAL ORIGIN : MEAT, FisH, SHELLESH, MILK,
Mk Propucrts, Eces . . . . .

Diets ror HosprTALs, PrisONs AND OTHER INSTITUTIONS.
LaBoURERS’ DieTs. INFANT FEEDING

PusBLic HEALTH AcTIVITIES IN RELATION TO NUTRITION.
DieTARY SURVEYS, NUTRITIONAL SURVEYS .

PupLic HeartH AcTivities (contd.) : VITAL STATISTICS,
PracTICAL APPLICATION OF NUTRITIONAL KNOWLEDGE

Foop PoisoNiNG

InsecT PEsTs OF CEREALS AND PULSES
ix

PAGE

24

39

‘57

73

I0I

121

147
156
163
180
203

218
233
250
263

283
297

321



CONTENTS

APPENDICES

The examination of the blood in anzmia

The determination of vitamin A in livers by the antimony

trichloride method .
Hess’ capillary resistance test
Determination of vitamin C in the urine
Dentition tables
Determination of prothrombin in blood
Atwater’s bomb calorimeter ) ;
A liquid extract of yeast for medicinal purposes
Instructions for dietary inquiries . :
Average heights and weights of boys and glrls o
The A.C.H. index of nutrition
Nutritional section of a foodcraft exhibition .
Tests for H.C.N. in foodstuffs
Determination of fluorine in water
The weight of the kernel in coconuts of various sizes
Edible percentage of foodstuffs as bought in markets

The weight of measured grain

. Weights and mieasures

Conversion graph—* Fahrenheit—centigrade ”
Conversion graph—* Inches—centimetres

Conversion graph—" Ounces—grams ”’

" PAGE

331

333
334
335
336
336
338
339
340
342
343
345
353
354
355
356
357
358
359
360
360



VW 0 NN v s

10.
T,
12.
13.
14.
Is.

I.
2.
3.

4.
5.
6.

LIST OF ILLUSTRATIONS
Graphs

Indicating yearly iron needs for growth

. Hopkins’ graph of growth curves of rats
. Vitamins removed with rice millings .

. Percentage of families having diets of various caloric values .

Heights of boys of different social status

. Weights of boys of different social status
. Weights of boys of different races compared
. Heights of boys of different races compared

. Heights of males and females compared

Weights of males and females compared

Weights of infants at birth of two social classes compared

Weights of infants at birth of Ceylon and England compared .

Conversion graph—* Fahrenheit—centigrade ”

»

Conversion graph—* Inches—centimetres ’

’

Conversion graph—“ Ounces—grams’

Plates and Figures
Bitot’s spots on pigmented conjunctiva

}Ph:ynodcrma .

Crystals of thiamine
Crystals of riboflavin
Pigeon with polyneuritis

PAGE
46

61
209
268
271
271
273
273
274
274
288
288
359
360
360

80

82



I0.

II.

12,

13:

14.

15.

16.

17.

18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30.
31.
32,

LIST OF ILLUSTRATIONS
. Angular stomatitis }

. Polyavitaminosis

Dog with rickets
Bone changes in rickets}

Crazy pavement eruption
Nutritional cedema }

Rice grains

Diagram of rice mill .

Funnel and cone of a rice mill
Colocasia and dioscorea “ yams ™
Various edible leaves .

Jak fruit and bread fruit trees

The sign of the median-dorsal furrow .

Prickly Poppy (Argemone mexicana)
Achee fruit

Section of manioc root

Fluorotic teeth

Fluorosis of tibia }

Rice Weevil (Calandra oryze)

The Lesser Weevil (Rhizopertha dominica)

The Pea Weevil (Bruchus pisorum)

The Common Flour Beetle (Tribolium confusum) .
A Small Flour Beetle (Orzaphilus surinamensis)
Moths of granaries (Corcyra cephalonica and Sitotraga cerealella) .

Suction pump for testing capillary fragility .

Atwater’s bomb cdlorimeter

103

134

153

203
208
208
220
223
225
275
300
302

302

307

322
322
324
324
324
324
334
338



CHAPTER 1

CARBOHYDRATES, FATS AND PROTEINS

A FooD has been defined as ““ any substance which when taken
into the body can be assimilated into the tissues for the purposes of
growth, or the repair of waste, or to produce heat or work.” But
most diets contain beverages and condiments which cannot be
comprehended in any simple definition.

The constituents of all foods are classified into the few categories
given in Table L.

TABLE I
:' gltrsbohydratcs} are used mainly as fuel for work or heat.
3. Proteins : . nitrogenous substances necessary for building up the
body and repair of tissues.
4. Minerals . . necessary for growth and all metabolic processes.
5. Vitamins . . occur in small quantities and are used for many, if not

all, metabolic processes.
6. Beverages and Con- render the food more palatable, stimulate the appetite

diments and digestion and have other effects.
7. Indigestible residue .  insoluble and indigestible matter gives a necessary bulk
to the food.
8. Water.

Although the greater amounts of carbohydrates and fats are used
for the production of work and heat, yet some of them are in com-
bination with the proteins, and in small quantities are needed for
the building of the tissues. Again, although proteins are used for
the building of the body and the repair of tissues they can also be
used as fuel for work and heat, and may be broken up in the body
for the formation of carbohydrates and fats. The minerals have
many functons and some of them form crystalloid-colloid com-
plexes with the proteins of the blood and tissues. The vitamins
have been called “accessory food factors,” and they are essential

for healthy metabolism.
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CARBOHYDRATES

The carbohydrates comprise the sugars and starches and, being
the cheapest sources of energy, constitute the greater part of the
food of the populations of the world with the exception of a few
pastoral and hunting tribes.

They are divided into three large groups and the names of these
are derived from their general chemical formula :

CgH;204 Monosaccharides

CmngOn Disaccharides
(CgH9Os5),  Polysaccharides

Monosaccharides

These simple sugars are soluble and diffuse through the walls
of the alimentary tract without being acted upon by the digestive
enzymes. The three commonest are glucose, fructose and galactose,
and when they are consumed in larger quantities than are required
for the immediate purposes of the body they are built up into the
polysaccharide gljcogen, which is stored in the liver and recon-
verted into glucose when required for the maintenance of the
normal amount of sugar in the blood.

Glucose (dextrose, grape sugar, starch sugar, corn sugar) is of great
importance in two respects—firstly, it is abundant in many fruits
and other vegetable products, where it usually occurs in associa-
tion with fructose and sucrose ; it may constitute 20 per cent.
of the dried substance of grapes, and is present in many roots
such as onions, sweet potatoes and yams; secondly, it is the
product of the action of the digestive enzymes on all starches.
Glucose is oxidized to carbon dioxide in the production of energy
and heat, but the action is not direct, intermediary bodies are
formed.

Fructose (fruit sugar, levulose) occurs in plant juices. It constitutes
about half the sugar in honey. The body can convert it into
glucose. .

Galactose is formed together with glucose when the digestive
enzymes act upon the dissaccharide lactose (milk sugar). The
mammary gland forms galactose from glucose and then combines



CARBOHYDRATES, FATS AND PROTEINS 3

it with more glucose to form lactose. The galactans which occur
in many plants are polymeric anhydrides of galactose.
Glucose occurs in the tissues in combination with proteins.

Disaccharides

The disaccharides are changed into monosaccharides during the
process of digestion. Three of them are important constituents of
foods.

Saccharose (sucrose, beet sugar, cane sugar) is the commonest sugar
in the markets of the world and is produced in enormous quantities
from canes, palm trees, beetroot and maple. It occurs in most
plant juices, usually in association with other sugars. Pineapples
and carrots are particularly rich in it.

Saccharose rotates the plane of polarized light to the right, but
the product of its hydrolysis, an equal quantity of glucose and
fructose, rotates the plane to the left, this is because, although
glucose is dextrorotatory, fructose is more actively levorotatory.
This inversion gives the name invert sugar to the product of the
hydrolysis of saccharose.

Lactose constitutes 4 to § per cent. of the milk of cows and 6 to 7
per cent. of human milk. It s less soluble and less sweet than market
sugar, and less likely to cause digestive disturbances in infants.

Maltose occurs in germinating cereals and the products of them,
such as malt. When the digestive enzymes act upon starches
maltose is formed as an intermediary product in the formation of
glucose.

Polysaccharides

Most of the polysaccharides are insoluble in water, but some
form colloidal dispersions which are usually opalescent, and a few
form solutions. Those that are available for food are broken up
by the digestive enzymes into glucose.

Starch is stored in plants, specially in seeds and tubers, as a source
of supply for the future requirements of growth. The dried
cereal grains contain from 50 to 80 per cent. of starch. When a
small piece of a grain or tuber is broken up in a little water and
examined under the microscope it is seen that the starch is stored
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in dense granules ; if these are heated in water they rupture and the
starch is dispersed. This is one of the changes brought about by
cooking and enables the digestive enzymes to hydrolyse cooked
starch more readily than when it is raw. One of the first actions
of digestion is to break down the molecules of starch to less than
a fifth of their size, and these products are soluble in water and are
known as dextrins. '

Glycogen is sometimes called animal starch. It forms an opalescent
dispersion in cold water. It occurs in all parts of the body, and
although under normal conditions the liver is richest in it, yet there
are considerable amounts in the muscles, especially after periods of
rest. It is rapidly used up during muscular exercise.

Celluloses. Plants are able to build up hard, resistant and in-
soluble polysaccharides, and these appear in wood and other struc-
tures in the form of fibres which consist mainly of cellulose. Other
polysaccharides are of a softer nature and are known as hemi-
cellulose. Some low forms of life are able to digest celluloses, but
they have no nutritive value for man. They help to give bulk to
the food and appear unchanged in the faces.

FATS AND LIPOIDS

The fats and lipoids may be defined as substances which are
soluble in ether, chloroform or benzene, but insoluble in water, and
can be used as food by living organisms. The fats include all edible
oils such as olive or coconut oil.

The fats are compounds of glycerol, which is trihydric, and
fatty acids, which are monobasic, hence on hydrolysis the fats split
up into three molecules of fatty acids and one of glycerol ; for
example :

CgHs5(CigHg102)3+ 3HzO — C3Hy(OH)3+- 3C;6H300,
palmitin glycerol palmitic acid
(glycerol tripalmitate)

The naturally occurring fats are made up of many triglycerides,
but they are not all simple triglycerides in which a glycerol mole-
cule is combined with three molecules of a single fatty acid ; in
most cases it is combined with two or three different acids ; for
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instance, a mixed glyceride having one molecule each of palmitic.
stearic and oleic acid combined with one molecule of glycerol
would be stearo-oleo-palmitin.

The fatty acids belong to a few homologous series and fall into
two categories :

(1) The Saturated Fatty Acids have a formula C H,,0,, in whlch
the number of hydrogen atoms is twice the number of carbon
atoms. Table II gives the more important acids of this series and
some of the fats in which they are found as glycerides.

TABLE II

Acids of the Series Cn,H2,02

Butyric acid, CH3(CH,),COOH . About 6 per cent. in butter.

Caproic acid, CHg(CH,)4COOH . In butter and coconut oil.

Caprylic acid, CHg(CH,)gCOOH . In butter, human fat and vegetable oils,
Capric acid, CH3(CHy)sCOOH . In butter and coconut oil.

Lauric acid, CHg(CH,);qCOOH . In butter and all palm oils.

Myristic acid, CHg(CHg);2COOH . In most animal and vegetable oils.
Palmltic S.Cid, CH3(CH2)14COOH . » ” ”» »”

Stearic acid, CHg(CH,);COOH . " W - W

The consistency of fats depends upon the molecular weights of
their fatty acids. Butyric acid has a low molecular weight and the
triglyceride of it is a thin oil, whereas the triglyceride of stearic
acid of high molecular weight is a hard solid fat. Under ordinary
temperature conditions in the tropics the last three fats of Table II -
are solid.

(2) The Unsaturated Fatty Acids are of several series and have
general formule C,H,, 50, C,H,, 40, etc., in which the number
of hydrogen atoms is less than.double the number of carbon
atoms.

Oleic acid, C;gHyO,, of the first series is the commonest un-
saturated fatty acid in animal and vegetable oils. Erucic acid
abundant in many vegetable oils also belongs to this series. The
glycerides of the acids of the series C,Hp, 4O;, C,H,, O, and
C,H;, 3O, are present in many fats. Linoleic acid, C,;gH3,0s,
and linolenic, C;3H30,, were first found in linseed oil, and later
in butter and other fats. Sesame (gingelly) oil, 2 common edible

oil of the tropics, contains 14 per cent. by weight of linoleic but
2
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no linolenic acid. Arachidonic acid, CyoHj35Os, of the fourth series
occurs in brains, liver and egg yolks.

The unsaturated fatty acids can take up iodine (or other halogen)
by addition to form saturated compounds. The amount of iodine
taken up by a fat is more or less characteristic of that fat, and is
known as the iodine number, and this number roughly indicates the
amount of unsaturated fatty acid in the composition of the fat.
The iodine number is the number of grams of iodine which can
be taken up by 100 grams of the fat. Table III gives the iodine
number of various fats.

TABLE III
Vegetable Oils
Oil ITodine number Oil Todine number
Linseed . ; . 175-205 Olive . " ; 79-88
Soya bean . : . 137-141 Palm . . . 20-56
Maize . . . 113-125 Shea butter . . 56
Cottonseed . .  108-IT0 “ Margarine ”’ : 50
Sesame . : ; 103-108 Chinese “ tallow ” . 30
Pea nut . . . 83-110 Coconut . . . 9
Castor : . . 83-86
Animal Fats
Fish oils . . . 120-195 Lard . . . 60-70
Blubber oils (whale, seal) 100-150 Butter . . 26-28
Marrow fat . . . 50-80

Most of the glycerides of the unsaturated fatty acids have much
lower melting points than the glycerides of the saturated fatty acids
having the same number of carbon atoms.

The fat is firmer in land animals than in those of the sea, which
is well illustrated by comparing lard with whale oil.

Soft fats or oils, which are rich in unsaturated fatty acids, can be
hardened to a desired consistency by hydrogenation by which they
are saturated with hydrogen by the aid of a catalyst, such as
powdered nickel. This process has been widely used for the pro-
duction of margarine and lard substitutes from vegetable and whale
oils. These sophisticated fats have been used in vast quantities
without ill effects arising from them and therefore may be con-
sidered wholesome. (Sometimes margarines are reinforced with
fat soluble vitamins A and D.)
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Human Needs for Fat. Fats are deposited in the subcutaneous tissue
as a protection against cold and injury, and in the abdomen as a
padding and support of the viscera. Their light, compact and
insoluble nature enables the storage of them to take place without
the addition of water, and this can occur with no other substance.
The fats are composed of the same three elements as the carbo-
hydrates, but they are superior to them as a supply of energy
because they have less oxygen in proportion to the carbon and -
hydrogen, and hence on complete combustion produce more
energy. Any normal deposit of fat is a reserve store for the pro-
duction of heat and work.

It may appear obvious from many common experiences “that
fats can be synthetized from carbohydrates in the animal body,
such as when pigs are fattened for the market by feeding them on
grain meals rich in carbohydrates and poor in fats ; yet the matter
was in dispute until it was settled by carefully planned experiments
in which animals were fed on diets containing very little fat, showed
that more fat was deposited in the body than was taken in with
the diet. Other experiments have shown that carbohydrates con-
tribute to the production of fat in milk.

Although much of the fat in the body may be formed from carbo-
hydrates, yet fat is needed in the diet for several reasons, two of
which are clearly understood. Firstly, certain essentials, such as
vitamins A, D and E, can be adequately absorbed only when dis-
solved in fats. Secondly, there are unsaturated fatty acids, essential
for healthy nutrition, which cannot be produced from carbo-
hydrates. Burr and Burr,! in 1929, were the first to show that
rats fed on fat-free diets became ill with staring coats, dermatitis,
caudal necrosis and wasting leading to death. Later (1932) 2 they
found that it was the unsaturated acids, such as linoleic and linolenic,
which were essential. Their work has been amply confirmed.
There is some evidence that arachidonic acid is the most important,
and it may be that the two acids mentioned above are converted
into it within the body. These acids act in very small amounts,
one drop (o'1 gm.) of linoleic acid daily is sufficient for the growth
and health of a rat. There is some evidence that these unsaturated

1 J. Biol. Chent., 82, 345. 2 Ibid., 97, 1,



